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M , In Astronomical Tables, &C, is used for meridional 
or southern ; and sometimes for meridian, or mid-day.— 
lu the Roman numeration, it denotes a thousand. 

MACH IN (John), a very distinguished mathematician, 
was some time professor of astronomy at Gresham-collegc, 
(to which he was elected May l(> f 17*3, on the resignation 
of Dr. Torriano,) and secretary of the Royal Society, died 
June 9, 1751. His papers in the Philos. Trans, were, 1. 
To find the curve which a descending body describes in the 
shortest time, vol. 30; 2. On a Distempered Skin, vol. 
37; 3. A Solution of Kepler's Problem. Besides these, 
by an approximating series of Dr. Halley’s, Mr. Machin 
computed the circumference of the circle to 100 places of 
figures. And another ingenious approximating series of 
his own is given in Mr. Jones's Synopsis Palmariorum 
Muthcscos, 1706, the investigation of which was first given 
in Dr. Hutton's Mensuration, 1772. Mr. Machin'sLaws 
of the Moon's Motion were printed in Mottc's translation 
of Newton's Principia. 

MACHINE, denotes any thing that serves to augment, 
or to regulate moving powers : or it is any body destined 
to produce motion, so as to save either time or force. The 
word, in Greek, signifies an invention, or art: and hence, 
in strictness, a machine is something that consists more in 
art and invention, than in the strength and solidity of the 
materials; for which reason it is that.tlie inventors of ma¬ 
chines arc called Ingenicurs, or Engineers. 

Machines are either simple or compound. The simple 
machines are tjie 6 mechanical powers, viz, the lever, 
pulley, whccl-and-axlc, inclined plane, wedge, and screw; 
which are otherwise called the simple mechanic powers. 
1 he balance also js a lever. 

These simple machines serve for different purposes, 
according to their different structures; and it is the busi¬ 
ness of the skilful mechanist to choose und combine 
them, in the manner that may be bea adapted to produce 
the desired effect. The lever is a very useful machine for 
many purposes, its power being readily varied as the occa¬ 
sion may require; when weights are to be raided only a 
little way, such as stones out of quarries, &c. On the 
other hand, the whecl-und>uxlc serves to raise weights 
from the greatest depth, or to the greatest height. Pulleys, 
being easily ca/ricd, are therefore much employed in ships. 
The balance is useful for ascertaining an equality- of 
weight. The wedge is very useful for separating the parts 
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of bodies; and being impelled by the lorce 01 percussion, 
it is incomparably greater than any ot the otlur powers. 
The screw is useful for compressing or squeezing bodies 
together, and also for raising very heavy weights to a small 
height; its great friction is even of considerable use. to 
preserve the effect already produced by the machine. 

Compound Machine, is formed from these simple ma¬ 
chines, combined together for different purposes. The 
number of compound machines is almost infinite; and yet 
it would seem that the ancients went tar beyond the mo¬ 
derns in the powers and effects of them ; especially then 
machines of war and architecture. 

Accurate descriptions and drawings of machines would 
be a very curious and useful work. But to make a col¬ 
lection of this kind as beneficial as possible, it should con¬ 
tain also an analysis of them ; pointing out their advan¬ 
tages and disadvantages, with the reasons ol the construc¬ 
tions ; also the general problems implied in these con¬ 
structions, with their solutions &c, should be noticed. 
Though .a complete work of this kind be still wanting, yet 
many curious and useful particulars may be gathered from 
Strada, Besson, Beroaldus, Augustinus de ltamellis, Buck¬ 
ler, Leupold, Beyer, Limpergh, Van Zyl, Peranlt, and 
others; a short account of whose works may be found in 
Wolfii Commentatio do Praecipuis Scriptis Mathematic is ; 
Elcin. Matbes. Univ. tom. 5, pa. 84. To these may be 
added, Belidor's Architecture Hydiuulique, Desagulierss 
Course of Experimental Philosophy, Emersons Mechanics, 
and Dr. Gregory's Mechanics, which contains a descrip¬ 
tion of a great number of the most useful ami modern ma¬ 
chines. The Royal Academy of Sciences at Paris have 
also given a collection of machines and inventions ap¬ 
proved of by them. This work, published by M. Gallon, 
consists of 6 vols. in 4to, containing engraved draughts of 
the machines, with their descriptions annexed. 

Machink, Archiicctonicul , is an assemblage of pieces 
of wood so disposed as that, by means of ropes und pulleys, 
a small number of men may raise great loads, and lay' 
them in their places; such cranes, &c.— It is hard to 
conceive what sort of machines the ancients must have 
used to raise those immense stones found in some of the 
antique buildings ; as some of those still found in the walls 
of Balbeck in Turkey, the ancient Heliopolis, which are. 
63 feet long, L2 feet broad, and 12 feet thick, and which 
must weigh 6 or 7 hundred tons a-piece. 
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Itfiknn Machine. S- <_• Bfi.i.ows. 

Roj/Uian Machine. Mr. Boyle’s Air-Pump. 

Electrical M a t n ( n r.. See Hi.kctuu vi. Machine. 

Hint/ .Machine. See Anemometer, and Hind Mu- 
chine . 

Hydraulic or Water Machine, ii Ubc<i either to de- 
iiote a 'iinplc machine, serving to conduct or raise water, 
as a sluice, pump, and the like; or several of these acting 
together, f*» produce some extraordinary elVect ; as the 

M \cii i v e of JlTarlim Sec I'l n i; -.-engine, Ste \ m -engine, 
and \Vatf n-iuorks. 

Military Machines, among the ancients, were of three 
kinds : the first serving to throw arrows, as the scorpion ; 
or javelins, as the catapult ; or stones, as the balista; or 
fie ry darts, as the pyrabolus: the 2d kind serving to beat 
down walls, as the battering-ram and terehra : and the 3d 
sort to shelter those who approach the enclily's wall, as 
the tortoise or testudo, the vinca, and the towers of wood. 
See the respective articles. 

The machines of war now in use, consist in artillery, 
including cannon, mortars, petards, «S:c. 

MACLAUUIN (Colin), a very eminent mathema¬ 
tician and philosopher, was the son of a clergyman, and 
born at Kilmoddan in Scotland, in the year lie 

was sent to the university of Glasgow in 170J) ; where he 
continued 5 years, applying to his studies in a very in¬ 
tense manner, and particularly to the mathematics. Mis 
great genius for mathematical learning discovered itself so 
early as at 12 years of age; when, having accidentally 
met with a copy of Euclid's Elements in a friend's cham¬ 
ber, lie became in a few days master of the first 6 books 
without any assistance; and it is certain, that in his l6th 
year he had invented many of the propositions which were 
afterwards published as part of his work, entitled Gco- 
metria Orgrtnica. In his 15th year he took the degree of 
master of arts; on which occasion he composed and pub¬ 
licly defended a thesis on the power of gravity, with great 
applause. After this he quitted the university, and re¬ 
tired to a country-seat of his uncle, who had the care of 
his education. Ids parents having died while lie was very 
young. Here he spent two or three Acars in pursuing his 
favourite studies; but in 1717, at 19year* of age only, 
he offered himself a candidate for the professorship of 
mathematics in the Marischnl College of Aberdeen, nnd 
obtained it after a ten days trial, against a very able com¬ 
petitor. 

In 171.9, Mr. Maclaurin visited London, where he left 
his Gcometria Organica to print, and where he became 
acquainted with Dr. Hundley then bishop of Bangor, Dr. 
Clarke, Sir Isaac Newton, nnd other eminent men; at 
which time also he was admitted a member of the Royal 
Society : and in another journey, in 1721, he contracted 
an intimacy with Martin Folkcs, esq. the president of it, 
which continued during his life. 

In 1722, Lord Polwarlh, plenipotentiary of the king of 
Great Britain ut the congress of Cam bray, engaged Mac¬ 
laurin to go as a tutor and companion to his eldest son, 
who was then to sel out on his travels. After a short slay 
at Paris, and visiting other towns in France, they fixed 
in (Lorrain; where he wrote his piece/On the Percussion 
oMiodies, which gained him the prize of the Royal Aca¬ 
demy of Sciences for the year 1724. But his pupil dying 
soon alter at Montpelier, he returned immediately to his 
profession at Aberdeen. He was hardly settled here, 
when he received an invitation to Edinburgh ; the cura- 
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tors of that university being desirous that lie should sup¬ 
ply the place of Mr. James Gregory, whose great age and 
infirmities had rendered him incapable ot teaching. lie 
had hero some difficulties to encounter, arising from com¬ 
petitors, who had i»ood interest with the patrons of the 
university, and also from the want ot an additional tund 
for the new professor; which however at length were all 
surmounted, principally through the means of Sir Isaac 
Newton. Accordingly, in Nov. 1725, he was introduced 
into the university; alter which the mathematical classes 
soon became very numerous, there being generally up¬ 
ward* of 100 students attending his lectures every yeai ; 
who being of different standings and proficiency, he was 
obliged to divide them into four or five classes, in each ot 
which he employed a full hour every clay from the lirst 
of November to the lirst of June. In the first class he 
taught the lirst G books of Euclid's Element*, Plane Tri¬ 
gonometry, Practical Geometry, the Eleme nts of Fortifi¬ 
cation, and an Introduction to Algebra. The second cl.e*s 
studied Algebra, with the 11th and 12th books of Euclid, 
Spherical Trigonometry, Conic Sections, and the general 
Principles of Astronomy. The third studied Astronomy 
and Perspective, and read a part of Newton's Principia, 
he having performed a course of experiments for illustra¬ 
ting them; he afterwards read and demonstrated the Ele¬ 
ments ol Fluxions. Those in the fourth cluss read a Sys¬ 
tem of Fluxions, the Doctrine of Chances, and the re¬ 
mainder of Newton’s Principia. 

In 1734, Dr. Berkeley, bishop of Cloyne, published a 
piece called the Analyst; in which betook occasion, from 
some disputes that had arisen concerning the grounds of 
the fluxionary method, to explode the method itself; and 
also to charge mathematicians in general with infidelity in 
religion. Maclaurin thought himself included in this 
charge, and began an answer to Berkeley's book: but other 
answers coining out, nnd as lie proceeded, so many disco¬ 
veries, so many new theories nnd problems occurred to 
him, that instead of a vindicatory pamphlet, lie produced 
n Complete System of Fluxions, with their application to 
the most considerable problems in Geometry and Natural 
Philosophy. This work was published at Edinburgh in 
1742, 2 vols. 4to; nnd as it cost him infinite pains, so it 
is the most considerable of all his works, and will do him 
immortal honour, being indeed the most complete treatise 
on that science that has yet appeared. 

In the mean time, he was continually presenting the 
public with some observation or performance of his own, 
several of w hich were published in the 5th and 6th volumes 
of the Medical Essays at Edinburgh. Many of them 
were likewise published ii) the Philosophical Transactions; 
as the following: 1 . On the Construction and Measure of 
Curves, vol. 30.—2. A New Method of describing all 
kinds of Curvet, vol. 30.—3. On Equations with Impos¬ 
sible Roots, vol. 34.—k. On the Roots of Equations, £cc, 
vol. 34.—5. On .the Description of Curve Lines, vol. 39 . 
—6. Continuation of the same, vol. 39«—7- Observations 
on a Solar Eclipse, vol. 40.—S. A Rule for finding the 
Meridional Parts of a Spheroid with the same Exactness 
as in a Sphere, vol. 41 .— 9 . An Account of the Treatise of 
Fluxions, vol. 42.—10. On the Bases of the Cells where 
the Bees deposit their Honey, vol. 42. 

In the midst of these studies, he was always ready to 
lend his assistance in contriving and promoting any scheme 
which might contribute to the public service. When the 
carl of Morton went, in 1?39> to visit his estates in Orkney 
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and Shetland, he requested Mr. Maclaurin to assist him in 
settling the geography of those countries, which was very 
erroneous in all the maps; to examine their natural 
history, to survey the coasts, anti to take the measure of 
a degree of the meridian. Maclaurin’s family affairs 
would not permit him to comply with this request: he 
however drew up a memorial ot what he thought neces¬ 
sary to be observed, and furnished proper instruments for 
the work, recommending Mr. Short, the celebrated opti- * 
cian, as a proper operator for the management of them. 

Mr. Maclaurin had still another scheme for the im¬ 
provement of geography and navigation, of a more exten¬ 
sive nature ; which was the opening a passage Irom Green¬ 
land to the South Sea by the north pole. That such n 
passage might be found, be was so fully persuaded, that 
he used to say, if his situation could admit of such ad¬ 
ventures, lie would undertake the voyage, even at his own 
charge. But when schemes for finding it were laid before 
the parliament in 1741, and he was consulted by several 
persons of high rank concerning them, and before lie could 
finish the memorials ho proposed to send, the premium 
was limited to the discovery of a north-west passage : lie 
regretted much that the word west was inserted, because 
lie thought that passage, if at all to be louitd, must lie not 
far from the pole. 

In 1745, having been very active in fortifying the city 
of Edinburgh against the rebel army, he was obliged to 
fly from thence into England, where lie was invited by Dr. 
Herring, archbishop of York, to reside with him during his 
stay in this country. In this expedition however, being 
exposed to cold and hardships, and naturally or a weak 
and tender constitution, which had been much more en¬ 
feebled by close application to study, he laid the founda¬ 
tion of an illness which put an end to his life, in June 
1746, at 48 years of age, leaving his widow with two sons 
and three daughters. 

Mr. Maclaurin was a very good, as well as a very great 
man, and worthy of love as well as admiration. His pe¬ 
culiar merit as a philosopher was, that all his studies were 
accommodated to general utility ; and we find, in many 
places of his works, an application even of the most ab¬ 
struse theories, to the perfecting of mcchanicul arts. For 
the same purpose, he had resolved to compose a course of 
Practical Mathematics, and to rescue several useful 
branches of the science from the ill treatment tlicy often 
met with in less skilful hands. These intentions however 
were prevented by his death; unless we may reckon, as :t 
part of his intended work, the translation of Dr. David 
Gregory's Practical Geometry, which he revised, and pub- 
' lisbed with additions, in 1745. 

In his lifetime, however, he had frequent opportunities 
of serving bis friends and his country by his great talents. 
Whatever difficulty occurred concerning the constructing 
or perfecting of machines, the working of mines, the im¬ 
proving of manufactures, the conveying of water, pr the 
execution of any public work, he was always ready to re¬ 
solve it. • He was employed to terminate some disputes of 
consequence that had arisen at Glasgow, concerning the 
gauging of vessels; und for that purpose' presented to the 
commissioners of the excise two elaborate memorials, with 
ihcir demonstrations, containing rules by which the ofli- 
ccrs now act. lie made also calculations relating to the 
provision, now established by law, for the children and 
widows of the Scotch clergy, and of the professors in the 
universities, entitling them to certain annuities and sums, 
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on the voluntary annual payment of a certain sum by the 
incumbent. In contriving and adjusting tbis \\isc and use¬ 
ful scheme, lie bestowed a great deal ol labour, and con¬ 
tributed not a little toward-* bringing it to perfection. 

Of his works, wc have mentioned his Gcoinetria Ur- 
ganica, in which lie treats of the description of curve lines 
by continued motion ; as also ot his piece which gained the 
prize of the Royal Academy of Sciences in 1724. In 
1740, he likewise shared the prize of the same academy, 
with the celebrated D. Bernoulli and Euler, tor resolving 
the problem relating to the motion of the tides from the 
theory of gravity : a question w hich had been given out the 
former year, without receiving any solution. He had only 
10 days to draw this paper up, and could not find leisure 
to transcribe a fair copy ; so that the Paris edition of it is 
incorrect. He afterwards revised the w hole, and inserted 
it in his Treatise of Fluxions ; as he did also the substance 
of the former piece. These, with the Treatise of Fluxions, 
and the pieces printed in the Medical Essays and the Phi¬ 
losophical Transactions, a list of which is given above, are 
all the w ritings w hich our author lived to publish. Since 
his death, however, two more volumes hove appeared ; his 
Algebra, and his Account of Sir Isaac Newton's Philoso¬ 
phical Discoveries. The Algebra, though not finished by 
himself, is yet allowed to be excellent in its kind ; con¬ 
taining, in a moderate volume, a complete elementary 
treatise-on that science, asfarasit had then been carried ; 
besides some neat analytical papers on curve lines. 11 is 
Account of Newton's Philosophy was occasioned in the 
following manner :—Sir Isaac dying in the beginning of 
1728, his nephew, Mr. Conduilt, proposed to publish an 
account of his life, and desired Mr. Maclaurin's assistance. 
'Ehe latter, out of gratitude to his great benefactor, cheer¬ 
fully undertook, and soon finished the History ol the Pro¬ 
gress which Philosophy had made before Newton's time ; 
and this was the first draught of the work in band ; which 
not going forward, on account of Mr. Conduitt's death, 
was returned to Mr. Maclaurin. To this he afterwards 
made great additions, and left it in the state in which it 
now appears. His main design seems to have ‘been, to 
explain only those parts of Newton's Philosophy, which 
have been controverted; and this is supposed to be the 
reason why his grand discoveries concerning light and co¬ 
lours are but transiently and generally touched upon; for 
it is known, that whenever the experiments, on which his 
doctrine of light and colours is founded, had been re¬ 
peated with due care, this doctrine had not been con¬ 
tested ; while his accounting for the celestial motions, 
and the other great appearances of nature, from gravity, 
had been misunderstood, und even attempted to be ri¬ 
diculed. 

MACUL/B, in Astronomy, arc dark spots appearing on 
the luminous surfaces of the sun and moon, and even some 
of the planets. 'Flic solur macula? arc dark spots of an 
irregular and changeable figure, observed in the face of 
the sun. These are said to have been first observed m 
November and December of the year HilO, by Galileo in 
Italy, and Harriot in England, unknown to, and inde¬ 
pendent of each other, soon alter the invention of tele¬ 
scopes. But Montuclu, in his History of the Mathema¬ 
tics, says that the honour of this discovery is due to J. 
Fabricius, as appears from his work published at Witten¬ 
berg, in June 1011, entitled, Dc Mpculis in Solo visis, et 
earurn cum sole revolutione narratio. They were after¬ 
wards also observed by Scheiner, Hevelius, Flamsteed, 

B 2 


M A G 


C ^ ] 


MAG 


Casshii, Kirch, and others. See Maculx, Nebvi.ous, 
Spots, &c. 

MADIUEK, in Artillery, is a thick plank, armed with 
plates of iron, and having a cavity sufficient to receive the 
mouth of a petard, with which it is applied against a 
gate, or any thing else intended to be broken down.— 1 bis 
term is also applied to certain flat beams, fixed to the bot¬ 
tom of a moat, to support a wall.—There are also ma¬ 
il riers lined with tin, and covered with earth ; serving as 
defences against artificial fires, in lodgments, &c, where 
there is need of being covered overhead. 

M/ESTLIN (Michael), in Latin Miestlinus, a noted 
astronomer of Germany, was born in the duchy of Wittem- 
berg; blit spent bis youth in Italy, where he made a 
speech in favour of Copernicus's system, which brought 
Galileo over from Aristotle and Ptolemy, to whom he was 
before wholly devoted. He afterwards returned to Ger¬ 
many, and became professor of mathematics at Tubingen; 
where, among his other scholars, he taught the celebrated 
Kepler, who has commended several of his ingenious in¬ 
ventions, in his Astronomia Optica. M&stlin published 
many mathematical and astronomical works, and died in 
1590.—Though Tycho Brahe did not assent to Micstlin’s 
opinion, yet he allowed him to he an extraordinary per¬ 
son, and deeply skilled in the science of astronomy. 

MAGAZINE, a place in which stores arc kept, of 
arms, ammunition, provisions, &c. 

Artillery Magazine, or the magazine to a field battery, 
is made about 25 or 30 yards behind the battery, towards 
the parallels, and at least 3 feet under ground, to re¬ 
ceive the powder, loaded shells, port-fires, &c.—Its roof 
and sides should be well secure d with boards, to prevent 
the earth fr^in falling in : it has a door, and a double 
trench or passage sunk from the magazine to the battery, 
the one to enter, and the other to go out at, to prevent con¬ 
fusion. Sometimes traverses arc made in the passages, to 
prevent ricochet shot from entering the magazine. 

Pow'ier-M ag a zinc, is the place where powder is kept 
in large quantities. Authors differ very much with regard 
to the situation and construction of these magazines ; but 
all agree, that they ought to he arched and bomb proof, 
in fortifications, they were formerly placed in the ram¬ 
part; hut of late they have been built in different parts 
of the town. The first powder-magazines were made with 
Gothic arches : but M. Vauban thinking these too weak, 
constructed them of a semicircular form, the dimensions 
being 60 feet long within, and 25 feet broad ; the founda¬ 
tions are H or 9 feet thick, and 8 feet high from the foun¬ 
dation to the spring of the arch ; also the floor 2 feet from 
the ground, to preserve it from the damp. 

It is a constant observation, that after the centering of 
semicircular arches is struck, they settle at the crown, 
and rise up dt the buncos, even with a straight horizontal 
ex trad os; and still more so in powder-magazines, where 
the outside at top is formed, like the roof of a house, by 
inclined planes joining in an angle over the top of the arch, 
to give a proper descent to the ruin ; which effects arc ex¬ 
actly what might be expected from the true theory of 
arches. Now, this shrinking of the arches, as it must be 
attended with very bad consequences, by breaking the 
texture of the cement, otter it has in some degree been 
dried, and also by opening the joints of the vousoifs at one 
end, I have provided, a remedy for this inconvenience, 
with regard to bridges, by the arch of equilibration, in my 
Tracts, vol. 1; but as the ill consequences of it arc much 


greater in powder-magazines, in question 96 m V Mathe¬ 
matical Miscellany, I proposed to find an arch of equili¬ 
bration for them also; which question was there resolved 
by Mr. Wild bore and myself, both upon general principles, 
and which I illustrated by an application to a particular 
case, there constructed, and accompanied with a table of 
numbers for that purpose. From that solution it ap¬ 
pears that the general value of the ordinate PC or y, is y = 

log. 

b x- - —t -— ? where (in the following figure) 
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y = PC, a = k o, b — AQ = I A n, c = AL, and u> = ic; 
from which equation pc may he found, when ic is given. 
But if, on the other hand, rc be given, to find ic, which 
will be the more convenient way, then from the former 
equation will be found, 

= ci; where n = 2 # 7182S1S28 the num-- 


xv = 


•in 


her whose hyp. log. is cy -+- A, and a = lug. of a, als? 


= r * log. 


c +^/(c — a 9 ) 


Thus for example, in the 


following figure, representing a transverse vertical section 
of the arch, il the span ad = 20 , the pitch or height 
dq = 10 , the thickness at top dk = 7 * and the angle at 
top lkm = 112° 37'; then for every different value of 
pc, the last equation will gave the following correspondent 
values of ci. That is, if alk.md represent a vertical 
transverse section of the arch, the roof forming an angle 
lkm of 1 12° 37\ also pc an ordinate parallel to the hori¬ 
zon taken in any part, and ic perpendicular to the same, 
and the other dimensions ns above ; then for properly con. 
structing the curve so as to be the strongest, or an arch of 
equilibration in all its parts, the corresponding values of 
pc and ci "ill be as in the following table, where those 
numbers may denote any lengths whatever, either inches, 
or feet, or half-yards. 


Value of 
CP. 

Value of 
CI. 

1 

7*0310 

2 

7-1243 

3 

7 280C 

4 

7-5015 

5 

7*7838 

6 

81452 

7 

8-5737 

8 

90781 

9 

96628 

10 

10-3333 



Sec my Tracts, vol. 1 , pa.57 &c. 

Magazine, or Powder-Room, on ship-board, is a close 
room or store-house, built in the fore or after part of the 
hold, in order to preserve the gunpowder for the use of 
the ship. This apartment is strongly secured against fire, 
and no person is allowed to enter it with a lamp or candle; 
it is therefore lighted, as occasion requires, by mbans of 
the candles or lamps in the light-room contiguous to it. 

MAGELLANIC Clouds, whitish appearances like 
clouds, seen in the heavens towards the south pole, and 
having tbesame apparent motion as the stars. They are 
three in number, two of them near each other.—-The largest 
lies far from the south pole;.but the other two arc not 
many degrees more remote from it than the nearest con- 
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spicuous star, that is, about 11 degrees. Mr. Boyle con¬ 
jecture* that if these clouds were seen through a good 
■telescope, they would appear to be multitudes of small 
stars, like the milky way. Dr. llerschel thinks rather 
that nebula* arc often owing to a self-luminous fluid. See 
Philos. Trans, an. 1/91, pa. 71, and an. 1811, pa. 269 . 

MAGIC Lantern, an optical machine, by means of 
which small painted images are represented on the wall of 
a dark room, magnified to any size at pleasure. This 
machine was contrived by Kircher (sec his Ars Magna 
Lucis et Umbras, pa.768); and it was so called, because 
the images were made to represent strange phantasms, and 
terrible apparitions, which have been taken for the effect 
of magic, by such as were ignorant of the secret. 

'lliis machine is composed of a concave speculum, front 
4 to 12 inches diameter, reflecting the light of a candle 
through the small hole of a tube, at the end of which is fixed 
a double convex lens of about 3 inches focus. Between the 
two arc successively placed, many small plain glasses, paint¬ 
ed with various figures, usually such as are the most for¬ 
midable and terrifying to the spectators, when represented 
at large on the opposite wall. 

Thus (pi. 17, fig. 14) aiicd is a common tin lantern, 
to which is added a tube kg to draw out. In it is fixed 
the metallic concave speculum, from 4 to 12 inches dia¬ 
meter; or else, instead of it, near the extremity of the tube, 
there must be placed a convex lens, consisting of a seg¬ 
ment of a small sphere, of but a few incites in diameter. 
The use of this lens is to throw a strong light upon the 
image; and sometimes a concave speculum is used with 
the lens, to render the image still more vivid. In the 
focus of the concave speculum or lens, is placed the lamp 
l; and within the tube, where it is soldered to the side of - 
the lantern, is placed a small lens, convex on both sides, 
being a portion of a small sphere, having its focus about 
the distance of 3 inches. The extreme part of the tube 
y.M is square, abd has an aperture quite through, so as to 
receive an oblong frame no passing into it; in which frame 
there are round holes, of an inch or two in diameter. An¬ 
swering to the magnitude of these holes there are circles 
drawn on a plain thin glass; aiul in these circles ure painted 
any figures, or images, at pleasure, with transparent water¬ 
colours. The»e images fitted into the frame, in an inverted 
position, at a smull distance from the focus of the 'lens 1 , 
will be projected on an opposite while wall of.a dark room, 
in all their colours, greatly magnified, and in an erect 
position. By having the instrument so contrived, that 
the lens 1 may move on a slide, the focus may be made, 
and consequently the image appear distinct, at almost any 
distance. 

Or thus: Every thihg being managed as in the former 
case, into the sliding tube fg, insert another convex lens 
K, the segment of a sphere rather larger than*i. Now, if 
the picture be brought nearer to 1 than the distance of 
the focus, diverging rays will be propagated as if they pro¬ 
ceeded from the object; therefore, if the lens k be so 

’ a V h ,“ l l ! ie ob J ect be very near its focus, the image 
will be exhibited on the wall, greatly magnified. 

Magic Square, is a square figure, formed of a series of 
numbers in arithmetical progression, so disposed in pa- 
raJlcl and equal ranks, as that the sums of each row, taken 
either perpendicularly, horizontally, or diagonally, are 
equal to one another. As the following square, formed of 

'r b T '• 2 ’ S - 4 > «• 7, 8, 9, where the 

aura of the three figures in every row, in all the directions, 


is always the same number, viz J5• But if the same 
numbers be placed in their natural order, in form <>i a 
square, the first being l^and the last of them a square 
number, th^y will lorin what is called a natural square, 
whose two diagonals, as also it* middle column, and mid¬ 
dle horizontal line, will have the same sum as all the rows 
of the magic square, viz 15. 

Natural Square. Magic Square. 
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Or in the two following squares of the first 25 numbers, 
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where every row and diagonal in the magic square makes 
just the sum 65, being the same as the two diagonals of the 
natural square, as well as of the middle row and middle 
column. 

It is probable that these magic squares were so called 
both because of this property in them, viz, that the ranks 
in every direction making the same sum, appeared ex¬ 
tremely surprising, especially in the more ignorant ages, 
when mathematics passed for magic ; and because also of 
the superstitious operations they were employed in, as the 
construction of talismans,&c ; for, according to the child¬ 
ish philosophy of those days, which ascribed virtues to 
numbers, what might not be expected from numbers so 
seemingly wonderful! * 

The magic square was held in great veneration nmon® 
the Egyptians, and the Pythagoreans their disciples, who, 
to add more efficacy and virtue to this square, dedicated it 
to the then known 7 planets divers ways, and engraved it 
on a plate of the metal that was esteemed in sympathy 
with the planet. The square thus dedicated, was inclosed 
by a regular polygon, inscribed in a circle, which was di¬ 
vided into as many equal purts as there were units in (he 
side of the square •, with the names of the angles of the 
planet, and the signs of the zodiac written upon the void 
spaces between the polygon and the circumference of the 
circumscribed circle. Such a talisman or metal they vainly 
imagined would, upon occasion, befriend the person who 
carried it about him. 

To Saturn they attributed the square of 9 places or 
cells, the side being 3, and the sum of the numbers in 
every row 15: to Jupiter the square of 16 places, the 
side being 4, and the amount of each row 34: to Mars 
the square of 25 places, the side being 5 . and the amount 
of each row 65: to the sun the scfhare with 36 places, 
the side being 6, and the sum of each row 111 : to Venus 
the square of 49 places, the side being 7, and the amount 
of each row 175: to Mercury the square with 64 places*, 
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the side bcingS, and the sum of each row * 260 : and to the 
moon the square of £1 places, the side being 9* and the 
amount of each row 36y. Finally, they attributed to im¬ 
perfect matter, the square with 4 divisions, having 2 for its 
side; and to God the square of only one cell, the side of 
which is also an unit, which multiplied by itself, undergoes 
no change. 

However, what was at first the vain practice of conjurers 
and makers of talismans, lias since become the subject of 
a serious research among mathematicians. Not that they 
imagine it will lead them to any thing of solid use or ad¬ 
vantage; but rather as it is a kind of play, in which the 
ditliculty makes the merit, and it may chance to produce 
some new views or properties of numbers, which ma¬ 
thematicians might piobably turn to some account. 

It would seem that F.man. Moschopulus, a Greek author 
of no high antiquity, was the first now known of, who has 
spoken of magic squares: he has left some rules for their 
construction; though, by the age in which he lived, there 
is reason to imagine lie did not look upon them merely as 
a mathematician. 

In the treatise of Cornelius Agrippa, so much accused 
of magic, are found the squares of 7 numbers, viz, from 3 
to 9 inclusive, disposed magically; and it is not to he sup¬ 
posed that those 7 numbers were preferred to nil others 
without some good reason: indeed it is because their 
squares, according to the system of Agrippa and his fol¬ 
lowers, arc planetary. The square of 3, for instance, be¬ 
longs to Saturn ; that of 4 to Jupiter; that of 5 to Mars ; 
that of 6 to the sun ; that of 7 to Venus; that of 8 to Mer¬ 
cury ; and that of 9 to the moon. 

INI. Bachct applied himself to the study of magic squares, 
on the hint he had tuken from the planetary squares of 
Agrippa, as being unacquainted with RIoschopulus's work, 
which is only in manuscript in the French king's library ; 
and, without the assistance of any author, he found out a 
new method tor the squares of uneven numbers; for in¬ 
stance, 25, or 49* &c; but lie could not succeed with those 
that have even roots. 

M. Frenicle next engaged in this subject. It was the 
opinion of some, that though the first l(i numbers might 
be disposed 20922789888000 different ways in a natural 
square, yet they could not be disposed more than 16 ways 
in a magic square; but M. Frenicle showed, that they 
might be thus disposed in 878 different ways. To this 
business he thought fit to add a difficulty that had not yet 
been considered ; which was, to take away the marginal 
numbers quite around, or any other circumference at plea¬ 
sure, or even several of such circumferences, and yet thnt 
the remainder should still be magical. Again lie inverted 
that condition, and required that any circumference token 
at pleasure, or even several circumferences, should be in¬ 
separable from the square; that is, that it should cease to 
be magical when ihey were removed, and yet continue 
magical alter the- removal of any of the rest. M. Frenicle 
however gives no general demonstration of his methods, and 
it often seems that he has no other guide but chance. It 
is true, his book was not published by himself, nor did it 
appear till after his death, viz, in l6<)3. 

In 1703, M. Poignant, canon of Brussels, published a 
treatise on sublime magic squares. Before his time there 
hud been no magic squares made, but for*series of natural 
' numbers that formed a square; but M. Poignanl made 
two very considerable improvements. 1st, Instead of 
taking all the numbers that fill a square, for instance the 
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36 successive numbers, which would fill all the cells of a 
natural square whosfc side is 6, he only takes as many suc¬ 
cessive numbers as there are units in the side ot the square, 
which in this case are 6; and these six numbers alone he 
disposes in such manner, in the 36 cells, that none of them 
occur twice in the same rank, whether it be horizontal, 
vertical, or diagonal; whence it follows, that nil the ranks, 
taken all the ways possible, must always make the same 
sum ; and this method M.^oignard calls repeated progres¬ 
sions. 2 d, Instead of being confined to take these num¬ 
bers according to the series and succession of the natural 
numbers, that is in arithmetical progression, he takes them 
likewise in a geometrical progression ; and even in an har- 
monical one, the numbers of all the ranks always following 
the same kind of progression: lie makes squares of each of 
these three progressions repeated. 

M. Poignard’s book gave occasion to M. Lahirc to turn 
his thoughts to the same subject, which he did with such 
success, that he greatly extended the theory of magic 
squares, as well for even numbers as those that are un¬ 
even ; as may be seen at large in the Memoirs of the Royal 
Academy of Sciences, for the years 1705,and in 1710 by 
M. Sauvcur. Sec also Saunderson’s Algebra, vol.l, pa. 354, 
&c ; ns also my Mathematical Recreations, translated from 
Ozanam and Montucla, giving the following easy method 
ol filling up a magic square. 

To form a Magic Square of an Odd Number of Terms iti 
the Arithmetic Progression 1, 2, 3,4, &c. Place the least 
term 1 in the cell immediately under the middle, or cen¬ 
tral one, and the rest of the tcrins, in their natural order, 
in a descending diagonal direction, till they run off either 
at the bottom, or on the side : when the number runs ofl 
at the bottom, carry it to the. uppermost cell that is not 
occupied, of the same column that it would have fallen 
in below, and then proceed descending diagonnlwise.again 
os far as you can, or till the numbers either run ofl’ at bot¬ 
tom or side, or arc interrupted by coming at a cell already 
filled: now when any number runs off at the right-hand 
side, then bring it to the furthest cell on the left hand of 
the same row or line it would have fallen in towards the 
right hand : and when the progress diagonulwisc is inter¬ 
rupted by meeting with a cell already occupied by some 
other number, then descend diagonally to the left from this 
cell till an empty one is met with, where enter it; and 
thence proceed as before. 

Thus, to make 
a magic square of 
the 49 numbers 
1, 2, 3. 4, &c. 

First place the 1 
next below the 
centre cell, and 
•thence descend 
to the right till 
the 4 runs off at 
thebottom,which 
therefore carry 
to the top corner 
on the same co¬ 
lumn as it would 
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have fallen in; but os it runs off at the side, bring it to the 
beginning of the second line, and thence descend to the 
right till you arrive at the cell occupied by 1: carry the 
8 therefore to tliemext diagonal cell to the left, und so 
proceed till 10 run off at the bottom, which carry there- 
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fore to the lop of its column, and so proceed till 13 runs 
off at the side, which therefore bring to the beginning of 
the same line, and thence proceed till 15 arrives at the 
cell occupied by 8; from this therefore descend diagonally 
to the lelt; but as 16 ' runs off at the bottom, carry it to 
the top of its proper column, and thence descend till 21 
run oft at the side, which is therefore brought to the be¬ 
ginning of its proper line; but as 22 arrives at the cell oc¬ 
cupied by 15, descend.diagonally to the left, which brings 
it into the 1st column, but off at the bottom, and therefore 
it is carried to the top of that column ; thence descending 
till 29 runs oft both at the bottom and side, which there¬ 
fore carry to the highest unoccupied cell in the last co¬ 
lumn ; and here, as 30 runs off at the side, bring it to the 
beginning of its proper column, and thence descend till 35 
runs oft at the bottom, which therefore carry to the begin¬ 
ning or top of its own column ; and here, as 36 meets with 
the cell occupied by 29, it is brought from thence dia¬ 
gonally to the left; thence descending, 38 runs oft at the 
side, and therefore it is brought to the beginning of its 
proper line; thence descending, 41 runs off at the bot¬ 
tom, which therefore is carried to the beginning or top of 
its column; whence descending, 43 arrives at the cell oc¬ 
cupied by 36, and therefore it is brought down from thence 
to the left; thence descending, 46' runs off at the side, 
which therefore is brought to the beginning of its line; 
but here, as 47 runs off at the bottom, it is carried to the 
beginning or top of its column, whence descending with 
48 and 49, flic square is completed, the sum of every row 
and column and diagonal making just 175.—There are 
many other ways of filling up such squares, but none that 
are easier than that above described ; unless perhaps the 
following mechanical way, communicated by an ingenious 
friend, Mr. J. 11. Wise, ot Jloyu Hill, near Maidenhead, 
llcrks, which is ns follows for an odd number, suppose 5, 
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numbers in the form of a 
square, as in the first dia¬ 
gram here above. Next 
draw lines cutting off the 
three figures at each cor¬ 
ner, viz, the 1, 2, G, at the 
upper Icft-hund corner; 
the 4, 5, 10, at the upper 
right-band corner; and 
in likcmnuner 16 , 21 , 22 , 
and 20, 24, 25 at the bot¬ 
tom corners; which four 
lines will form a square; 
then draw inner lines pa¬ 
rallel to these, and they 
will divide the figure into 
25 cells, as in the 2d 
diagram above, in which 
13 of the cells will be oc¬ 
cupied by as many of the 25 numbers, the other 12 cells 
being empty, and the filled and empty cells mutually al¬ 
ternating with each other, in every one of the 10 bands.— 
Lastly, the 12 comer numbers at first cut off, arc to be 



carried into the aforesaid 12 empty cells, in ibis manner: 
viz, each of these 12 external numbers is to be carried io 
the larthest distant empty cell in the band opposite to 
which it stands; rhus, the 2 is carried along its opposite 
band to the empty cell below the No. 14; inlike manner, 
the 1 is carried to the cell next below 13, the 6 to the cell 
next below 18, the4 along its band to the cell next below 
12, the 5 to the cell below 13, the 10 to the cell below 18, 
the 16 to the cell above 8, the 21 to the cell above 13, the 
22 to the cell above 14. the 20 to the- cell above 8, the 24 
to the cell above 12, and the 25 to the cell above 13; 
thus completing the magic square, as in the 3 d diagram* 
which is a perfect square, the sum of the numbers in every 
band, and in both the diagonals, making up the same quan¬ 
tity, 65. 

For the purpose of perspicuity, in the above process, 
three diagrams have been employed, in order to exhibit 
distinctly the several stages of the process; though intact 
one diagram only is quite sufficient in practice. ~ And the 
method is the same for squares of any other odd number 
of cells. 

The same learned friend communicated^ groat many 
more of very ingenious constructions of squares, that are 
much larger and more curious than any that have yet been 
published, but are too extensive for this place; but it is to 
be wished that he will himself give them entire to the pub¬ 
lic in a connected state. 

It was observed before, that tlie sum of the numbers in 
the rows, columns and diagonals, was 15 in the square of 
9 numbers, 34 in a square of 16, 65 in a square of 25, 
Nc; hence then is derived a method of finding the sums 
of the numbers in any other square, viz, by taking the suc¬ 
cessive differences till they become equal, and then adding 
them successively to produce or find out the amount of 
the following sums; Thus, having tanged the sides and 
cells in two columns, and a few of the first sums in a 
third column, take the first differences of these, which will 
be 1, 4, 10, 19, &c, as in the 4th column; and of these 
take the differences 0, 3, 6, 9. 12. &c, as in 1 I 10 5lh co¬ 
lumn; and again of these, the differences 3, 3, 3 6c c, ns 
in the 6lh or last column. Then, returning back again, 
add always 3, the constant last or 3d difference, to the last 
found of the 2d differences, which will complete the re¬ 
mainder of the column of these, viz, 15, 18, 21, 24, &c: 
then add these 2d differences to the last found of the 1st 
differences, which will complete the column of these, 
viz, giving 31, 46, 64 , &c: lastly, add always these cor¬ 
responding 1st differences to the last found number or 
amount ot the sums, and the column of sums will thus be 
completed. 

Sums. Dirts. 
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■Again, like as the terms of an arithmetical progression 
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arranged magically, give the same 
sum in every row Ac, so the terms of 
a geometrical scries arranged magi¬ 
cally give the same product in every 
row Ac, by multiplying the numbers 
continually together; so this pro¬ 
gression 1, 2, 4, 8, l6, &c, arranged 
as in the margin, gives, for each con¬ 
tinual product, 40.96' in every row 
Arc, which is just the cube of the 
middle term, l6. 

Also, the terms of an harmonical 
progression being ranged magically, 

as in the margin, have the terms in 

% 

each row Ac in harmonical progres¬ 
sion. 

The ingenious Dr. Franklin, it seems, carried tins cu¬ 
rious speculation further than any of his predecessors in the 
same way. He constructed both a large Magic Square 
of Squares, and a Magic Circle of Circles, the description 
of which may be seen in the collection of his works, with 
many curious properties; hut the square is omitted here, 
as an imperfection lias been detected in the diagonals. 

The Magic Circle of Circles, fig. 2, pi- 1?), by this author, 
is composed ot a sera's of numbers, irom 1*2 to 75 inclusive, 
divided into 8 concentric circular spaces, and ranged in 
8 radii of numbers, with the number 12 in the centre; which 
number, like the centre, is common to all these circular 
spaces, and to all the radii. 

The numbers are »o placed, that 1st, the sum of all those 
in cither of the concentric circular spaces above mentioned, 
together with the central number 12, amount to 360, the 
same as the number of degrees in a circle. 

2. The numbers in each radius also, together with the 
central number 12, make just 300. 

3. The numbers in half of any of the above circular 
spaces, taken either above or below the double horizontal 
line, with half tbc central number 12, make just 180, or 
halt the degrees in u circle. 

4. If any four adjoining numbers be taken, as if in a 
square, in the radial divisions of these circular spaces; the 
sum of these, with half the central number, make also the 
same 180. 

5. There arc also included four sets of other circular 
spaces, bounded by circles that are oxcentric with regard 
to the common centre ; each of which sets contain five 
spacer; and their centres being at a, n, c, n. For dis¬ 
tinction, these circles are drawn with different marks, 
some dotted, others by short unconnected lilies, Ac ; or 
still better with inks of divers colours, as blue, red, green, 
yellow. 

These sets of oxcentric circular spaces intersect those 
of the concentric, and each other; and yet, the numbers 
contained in each of the excenti ic spaces, taken all around 
through any of the 20, which are .excentiic, make the 
same sum as those in the concentric, namely 300, when 
the central number 12 is added. Their hulves also, taken 
above or below the double horizontal line, with halt the 
central number, make up 180 . It is observable, that 
there is not one df the numbers but what belongs at least 
to two of the circular spaces ; some to three, some to four, 
some to five : and yet they are all so placed, as never to 
break the required number 3fi0, in any of the 28 circular 
spaces within the primitive circle^ They have also other 
properties* See Franklin's Exp. and Obs. pa, 350, edit. 
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4to, 1769; or Ferguson’s Tables and Tracts, 17/l* pa 

318; or my Recreations, vol. 1, pa. 183. 

In Dr. Franklin’s magic square, above-mentioned, three 
accidentally erroneous numbers have been detected by 
Daac Dalby, Esq. first-professor at the Royal Military 
College, which he has communicated, as well as the disco¬ 
very of a radical imperfection in the square, owing to an 
inequality in the two diagonals: for though the hall diago¬ 
nals have the proper sums, yet the whole diagonals have 
not. Mr. Dalby has therefore constructed another perfect 
magic square of magic squares, engraven on pi. 19 > fig- *• 
the properties of which are as below. 

This magic square, made with the series 1, 2, 3, 4, Ac, 
to 256’, is composed of 16 magic squares ol l6 cells each ; 
the 4 numbers in each column, or diagonal of each of these 
squares, make 514, and consequently each column or dia¬ 
gonal ol the great square is 514 x 4 or 2056. 

The principal properties are 

1. 'Flic suin of the 4 numbers in any 4 contiguous cells 
forming a square (the square of 2) is 514; thus, 226’ - 4 - 32 
- 4 - 255 -4- 1 = 514; and i - 4 - 242 -4- 240 -4- 31 = 514, 
Ac. Consequently 

2 . The sum of the 16 numbers in any Hi cells making 
a square (the square of 4) is 514 * 4 = 2056’:— in any 
square of 3o cells (the square of 6) the suin is 514 x 9- 
—and 514 x 16’ in a square of 6*4 cells:—514 x*25 in 
that of Iu0 cells:—514 x 36 in a square of 144 cells :— 
and 514 x 49 in any square having 14 lor its side. r I hus 
if a square hole just the size of l6 cells be cut in a paper, 
and the paper laid any where upon the great square, the 
sum of the 16 numbers appearing through the. hole will 
always be 514 x 4. If the hole takes in 36 cells, the 
sum is 514 x 9 : &c. 

3. The sum of the 4 corner numbers of either of these 
squares will always bo 514. 

4. The sum of the 16 numbers in any bent row whose 
halves are parallel to the diugonals is 2056 : thus, from 26 
to 36, and from 173 to 151, is a bent row; also, from 74 
to 22, and from 227 to I 91 another bent row, Ac. 

5 . If the square be divided horizontally, or vertically, 
through the middle, the halves may change places, and 
the properties of the square will remain us belore. 

6 . If the square be cut into the 16 squares, it is manifest 
that any four of them will make a magic .square of 64 
cells; and any nine another magic square of 144 cells; 
consequently as many different magic squares of 64 cells, 
and also ol 144 cells, may be made with the 16 squares, 
as there are combinations of 4 in l6, and of 9 in 10. 

The construction of the great square evidently depends 
upon that of a magic square, of 16 cells having the sum of 
the 4 numbers in any square composed of 4 cells always 
the same. To construct such a square with the series 

I, 2,3, 4, Ac. to 16. First , (l6 + 8 ~ = 34 ihc sum 

in each column or diagonal, or in the 4 cells. Now ar¬ 
range the 16 numbers as in 
fig. I., then by the nature of 
the progression, each diago¬ 
nal will contain 34: and the 
excess above 34 in the 4lh perpen¬ 
dicular column 011 the right is 
equal to the defect in the 1st 
column on the left; und the ex¬ 
cess and delect in the lower and 
upper horizontal columns arc also 
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the same ; hence (the corner 
numbers remaining) if 2 and 15, 

3 and 14, 5 and 12, 9 and 8 re¬ 
spectively change places, we have 
the magic square fig. 2. In this 
square, however, only the middle 
square of 4 cells, and the 4 corner 
ones contain 34 each: -hut in 
magic squares we readily obtain 
varieties by shifting the columns : 
thus in fig. 2, the 2d vertical co¬ 
lumn from the left may be made 
the last on the right, or the 3d 
from the left made- the 1st, and 
the two upper, or the two lower 
horizontal columns take place of 
one another; either of these ar¬ 
rangements will answer: thus, let 
the 3d verticaLcolumn be brought 
on the left, and change the two 
upper horizontal columns one for 
the other, and we get the magic 
square fig. 3, having 34 in any 
square of 4 cells. 

It will now be perceived that the numbers in fig. 3, 
consist of pairs situated alternately, the sums being 18 and 
16 respectively; thus 10 -+- 8, 15 1, 6 12, Ac, are 

pairs. Hence, to make the great square with the series 
1, 2, 3, 4, Ac. to 256, let the numbers be arranged thus 
256 255 254 253 252 251 „ 

2 1 4 3 6 5 “ c * 

the pairs making 258, 256, 258, <Stc, and call the upper 
or greater numbers the complements of the lower or lesser 
numbers: then arrange the first 32 
numbers of the lower scries (consisting 
of the numbers from 1 to 128) as in 
the margin : next, place the 8 upper 
numbers with their complements in a 
square of 16 cells in the same order, 
from the least to the greatest, as they 
stand in fig. 3, and .we shall have the 
first or corner square of the great 
square on the left at top. 

In 6g. 3. 1 1 i 3 4 5 fi 7 a 9 10 '11,13 J 3 

Correipond. numb./ I t 15 16 I? 18 31 32 225 226 239*340 211 
In fig. 3. \ 14 15 16 

Corretpoitd. numb. J 242 255 256 

The next 8 numbers, or 3, 4, 13, 14, 19, 20, 2.9, 30, 
with their complements, make the 2d square downwards, 
and so on for the four first squares on the left. And for 
the next 4 squares, the numbers from 32 to 64 arc ar¬ 
ranged as above : and two more arrangements, viz, from 
64 to 96, and from 96 to 128, in the same manner, will 
complete the 16 squares. 

It is already remarked that the pairs fall alternately in 
fig. 3 ; and the same order necessarily results in the great 
square ; the pairs making 258 and 256 throughout: and 
, 258 -*- 256 = 514; therefore when two numbers with 
their complements occupy a square of 4 cells, it is obvious 
their sum is 514; but the sum will also be equal to 
258 -4- 256, when the 4 numbers belong to 4 puir, the 
excess on one side being equal to the defect on the other; 
thus, taking the numbers in the 2d and 3d horizontal co^ 
lumns by fours, 32 ■+■ 239 = 271, 1 242 = 243, now 

271 - 256 = 15, and 258 - 243 = 15, therefore 271-4- 
Vol. II. 
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243 = 258 -+- 256; and the likeofany other 4 adjacent 
numbers in the two ranks. 

But Dr. Franklin, instead of taking 256 and 258 alter¬ 
nately, begins with two pair of 25S in succession : thus, 
200 -4- 58 = 258, the firstpairat top ; then 19s -t- 60 = 258, 
the next under; and these arc followed by four pair of 256 
each; thus, 201 -+- 55 = 256, the first pair; then 203 -4- 
53 = 256 the next under, Ac; and the two pair at the 
bottom of the column are 258 each, or 196 -4- 62, and 

i94 -1- 64. His 2d vertical column begins at top with two 

pair of 256 each, and these are followed by four pair of 
258. In this manner he has a regular alternation of 2 
pair and 4 pair, throughout his square; but this con¬ 
struction will not answer diagonally, and therefore his 
square is radically wrong, and cannot be mended but by a 
new one. 

The doctor's smaller square too, of 64 cells (in plate 5 
in his Works), is constructed in a manner similar to his* 
large one, namely, by pairs of numbers, whose sums arc 
66 and 64 ; but, instead of these sums or pairs being alter¬ 
nate, we find 66first, then two of 64 each ; next 66 (taking 
the first vertical column on the left, and proceeding down¬ 
wards) : this order runs through the whole square, and in 
consequence it fails diagonally, one diagonal being 292 
the other 22S. 

Last year Mr. Youlc,schoolmaster at Sheffield, published 
• an Arithmetic, to which is added a tract on magic squares: 
in this we are informed, that the Rev. Mr. Watson of 
Whitby, in a small treatise lately published, has noticed 
the deficiencies in Doctor Franklin's square, and has given 
a magic square of 256 cells, with the following additional 
property, viz—“ the 4 corner numbers of every interior 
square whose root is an even number, whether concentric 
or not to the great square, always make 514.” 

Watson has also analysed the doctor’s magic circle of 
circles, which is made with the numbers of a magic square 
of 64 cells (the numbers from 12 to 75). 

The square in Youle’s book is constructed with pairs of 
256 and 258, as in Dr. F.’s and mine : but Youle’6 theory 
and mine arc totally different. , 

MAGICAL Picture, in Electricity, was first contrived 
by Mr. Kinncrsley, and is thus constructed: Having'a 
large mezzotinto with a frame and glass, as of the king'for 
instance, take out the print, and cut a panncl out of it. 
Hear two inches distant from the frame all around; then 
with thin paste or gum-water, fix the border that is cut off 
on the inside of the glass, pressing it smooth and close; 
then fill up the vacancy by gilding the glass well with leaf- 
gold or brass. Gild likewise the inner edge of the back of 
the frame all around, except the top part, and form a 
communication between that gilding and the gilding be¬ 
hind the glass ; then put in the board, and^hat side is 
finished. Next turn up the glass, and gijd the foreside ex¬ 
actly over the back gilding, and when it is dry, cover it 
by pasting on the panncl of the picture that has been cut 
out, observing to bring the corresponding parts of the 
border and picture together, by'which means the picture 
will appear entire, as at first, only part behind the glass, 
and part before. b ’ 

Hold the picture horizontally by the top, and place a 
small moveable gilt crown on the king’s head. If now the 
picture be moderately electrified, and another person take 
hold of the frame with one hand, so that his fingers touch 
its inside gilding, and with the other hand endeavour to 
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take off the crown, he will receive a violent blow, and fail 
in the attempt. If the picture were highly charged, the 
consequence might be as fatal as that of high treason. 
The operator, who holds the picture by the upper end, 
where the inside of the frame is not gilt, to prevent its 
falling, feels nothing of the shock, and may touch the lace 
of the picture without danger. And if a ring ol persons 
take the shock among them, the experiment is called the 
conspirators. Sec Franklin’s Lxpcr.and Observ. pa. 30. 

MAGINI (John-Anthony), or Magisus, professor 
of mathematics in the university of Bologna, was born at 
Padua in the year 1536'. Magini was remarkable lor us 
great assiduity in acquiring and improving the knowledge 
of the mathematical sciences, with several new inventions 
for these purposes, and for the extraordinary favour he 
obtained from most princes of his time. ’Ibis doubtless 
arose partly from the celebrity he had in matters ot ustro- 
• lugy, to which lie was greatly addicted, making horoscopes, 
and foretelling events, both relating to persons aiid things. 
He was invited by the Emperor llodolphus to come to 
Vienna, where he promised him a professor s chair, about 
the year 15.97 ; but not being able to prevail on him to 
settle there, lie nevertheless gave him a handsome pension. 

It is said, he was so much addicted to astrological pre¬ 
dictions, that he not only foretold many good and evil 
events relative to others with success; but even foretold 
his own death, which came to pass the same year: all 
which he represented as under the influence of the stars. 
Tomasini says, that Magini, being advanced to his 61 st 
year, was struck with an apoplexy, which ended his days ; 
and that a long while before, he had told him and others, 
that he was afraid of that year. And Roffeni, his pupil, 
says, that Magini died under an aspect of the planets, 
which, according to his own prediction, would prove fatal 
to him ; and he mentions Riccioli as affirming that he said, 
the figure of his nativity, and his climacteric year, doomed 
him to ilic about that time ; which happened in 16*18, in 
the 62d year of his age. 

His writings however do honour to his memory, as they 
were very considerable, and on learned subjects. 1 he 
principal were the following: 1. Ilis Ephcmcris, in 3 vo¬ 
lumes, from the year 1580 to 1630.—2. Tables of Se¬ 
condary Motions.—3. Astronomical, Gnomonical, and 
Geographical Problems.—4. Theory of the Planets, ac¬ 
cording to Copernicus.—5. A Confutation of Scaligcr’s 
Dissertation concerning the -Precession ot the Equinox. 
—6. A Primum Mobile, in 12 books.—7- A Treatise of 
Plane and Spherical Trigonometry.—8. A Commentary 
on Ptolemy’s Geography.—9* A Chorographical De¬ 
scription of the Regions and Cities of Italy, illustrated with 
00 maps; with some papers on astrological subjects. 

MAGNET, M agnes, the Loadstone; a kind of ferru¬ 
ginous stone, resembling iron ore in weight and colour, 
though rather harder and heavier; and is endued with 
divers extraordinary properties, attractive, directive, in- 
clinatory, Ac. See Magnetism. 

The magnet is also called lapis Hcraclmus, from Hcra- 
clca, a city of Magnesia, a port of the ancient Lydia, 
where it was said to have been first found, and from which 
it is usually supposed that it took its name. Though 
sorpe derive the word from a shepherd named Magnes, 
who first discovered it on mount Ida with the irdn of his 
crook. It is also called lapis nauticus, from its use in 
navigation: also sideriics, from its virtue in attracting 
iron, which the Greeks call triSijgof. 


The ma-net is usually found in iron-mines, and some¬ 
times in veTy large pieces, half magnet, half iron. Its co¬ 
lour is different, as found in different countries. Norma j 
observes, that the best arc those brought trom China and 
Bengal, which are of a rusty or sanguine colour ; those 
of Arabia arc reddish ; those of Macedonia, blackish , an< 
those of Hungary, Germany, England, Ac, the colour o 
unwrought iron. Neither its figure nor bulk are constant 
or determined; being found of all shapes and sizes. 

The ancients reckoned five kinds of magnets, different m 
colour and virtue: the Ethiopic, Magnesian, Docotic, 
Alexandrian, and Nalolian. They also fancied it to be 
male and female: but the chief use they made of it was 
in medicine; especially for the cure ol burns and dc- 
Huxions ol the eyes.—The moderns, more happy, take it 
to conduct them in their voyages. 

The most distinguishing properties of the magnet are, 
That it attracts iron, and that it points towards the poles 
of the world ; and in other circumstances also dips or in¬ 
clines to a point beneath the horizon, directly under the 
pole ; it also communicates these properties, by contact, . 
to iron. By incans of which, arc obtained the mariners 
needles, both horizontal and inclinatory or dipping 
needles. 

The Attractive Pouer of the Magnet, was known to the 
ancients, and is mentioned even by l'lato and Euripides, 
who call it the Herculean stone, because it commands 
iron, which subdues every thing else : but the knowledge 
of its directive power, by which it disposes its poles along 
the meridian of every place, or nearly so, and causes 
needles, pieces of iron, Ac, touched with it, to point 
nearly north and south also, is of a much later date; 
though the discoverer himself, and the exact time of the 
discovery, be not now known. The first mention ot it is 
about 1260, when it has been said that Marco Polo, a 
Venetian, introduced the mariner’s compass; though not 
as an invention of his own, but as derived from the Chi¬ 
nese, who it seems had the use of it long before ; though 
some imagine that the Chinese rather borrowed it from the 
Europeans. 

But Flaviodc Gira, u Neapolilan, who lived in the 13th 
century, is the person usually supposed to have the best 
title to the discovery; and yet Sir G.Wheeler mentions, 
that he had seen a book of astronomy much older, which 
sppposfccf the use of the needle; though not as applied to 
the purposes of navigation, but of astronomy. And in 
Guiot de Provins, an old French poet, who wrote about 
the year 1180, there is an express mention made of the 
loadstone and the compass; and their use in navigation 
obliquely hinted at. 

The Variation of the Magnet, or needle, or its deviation 
from the pole, was first discovered by Scbnstinn Cabot, a 
Venetian, in 1500; and the variation of that variation, or 
change in itsdircction,by Mr. Henry Gcllibrand, professor 
of astronomy in Grcshara-collcge, about the year 1625. 
Lastly, the dip or inclination of the needle, when at liberty 
to play vertically, to a point beneath the horizon, wqp first 
discovered by another of our countrymen, Mr. Robert 
Norman, about the year 1576. 

The Phenomena qf the Magnet, are as follow: 1, In 
every magnet there arc two poles, of which the one points 
northwards, the other southwards, when it is freely- sus¬ 
pended; and if the magnet bo divided into ever sojnnny 
pieces, thenwo poles will be found in each piece. The 
poles of a magnet may* be found by holding a very fine 
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short needle over it; for where the poles are, the needle 
will stand upright, but no where else.—2, These poles, in 
different parts of the globe, are differently inclined towards 
a point under the horizon.—3, And, though contrary to 
each other, do help mutually towards the magnet’s attrac¬ 
tion and suspension of iron.—4, If two magnets be sphe¬ 
rical, one will turn or conform itself to the other, so as 
either of them would do to the earth; and after they have 
so conformed or turned themselves, they endeavour to 
approach or join each other; but if placed in a contrary 
position, they avoid each other.—5, IF a magnet be cut 
through the axis, the segments or parts of the stone, which 
before were joined, will now avoid and tly each other.— 
6 ', If the magnet be cut perpendicular to its axis, the two 
points, which before were conjoined, will become contrary 
poles; one in each segment.—7, Iron receives virtue from 
the magnet by application to it, or barely from an ap¬ 
proach near it, though it do not touch it; and the iron 
receives this virtue variously, according to the parts of the 
stone it is made to touch, or even approach to.— 8 , If an 
oblong piece of iron be in any manner applied to the stone, 
it receives virtue from it only lengthways.— 9 , The magnet 
loses none of its own virtue by communicating any to 
the iron; and this virtue it can communicate to the iron 
very speedily: though the longer the iron joins or touches 
the stone, the longer will it maintain its communicated 
virtue; and a better magnet will communicate more of 
it, and sooner, than one not so good.— 10 , Steel receives 
virtue from the magnet better than iron.—II, A needle 
touched by a magnet will turn its ends the same way to¬ 
wards the poles of the world, as the magnet itself does.— 
12, Neither loadstone nor needles touched by it conform 
their poles exactly to those of the world, but have usually 
some variation from them; and this variation is different 
in different places, and at divers times in the same places. 

• —13, A loadstone will take up much more iron when 
armed, or capped, than it can alone. (A loadstone is 
Said to be armed, when its poles are surrounded with plates 
of steel: and to determine the quantity of steel to be ap¬ 
plied, try the magnet with several steel bars; and the 
greatest weight it takes up, with a bar on, is to be the 
weight of its armour.) And though an iron ring or key 
be suspended by the loadstone, yet this docs not hinder 
the ring or key from turning round any way, either to 
the right or left.—14, The force of a loadstone may be 
variously increased or lessened, by variously applying to 
it, either iron, or another loadstone.—15, A strong mag¬ 
net at the least distance from a smaller or weaker one, 
cannot draw to it a piece of iron adhering actually to such 
smaller or weaker stone; but if it touch it, it can draw it 
from the other: but a weaker magnet, or even a small 
piece of iron, can draw away or separate a piece of iron 
contiguous to a larger or stronger magnet.— 1 6 ', In these 
northern parts of the world, the south pole of a magnet 
will raise up more iron than its north pole.—17, A plate 
ot iron only, but no other body interposed, can impede 

_j ^ .either as to its attractive 

oi* directive quality,—18, The power or virtue of a load-' 
stone may be impaired by lying long in a wrong position, 
as also by rust, wet, &cj and may be quite destroyed by 
fire, lightning, &c.—19, A piece of iron wire well touched, 
on being bent round in a ring, or coiled round on a stick, 
&c, will always have its directive virtue diminished, and 
often quite destroyed. And yet if the whole length of 


the wire were not entirely bent, so that the ends of it. 
though but for the length of one-tenth of an inch, wen- 
left straight, the virtue will not be destroyed in those, 
parts; though it will in all the rest.—20, The sphere of 
activity of magnets is greater and less at different Hines. 
Also, the variation of the needle from the meridian, is 
various at different times of the day.—21, By twisting a 
piece of wire touched with a magnet, its virtue is greatly 
diminished ; and sometimes so disordered and confused, 
that in some parts it will attract, and in others repel; and 
even, in some places, one side of the wire seems to be at¬ 
tracted, and the other side repelled, by one and the same 
pole of the stone.—22, A piece of wire that has been 
touched, on being split, or cleft in two, the poles are 
sometimes changed, as in a cleft magnet; the north pole 
becoming the south, and the south the north : and yet 
sometimes one half of the wjre will retain its former poles, 
and the other half will have them changed.—23, A wire 
being touched from end to end with one pole of a inagner, 
the end at which you begin will always turn contrary to 
the pole that touched it: and if it be again touched the 
same way with the other pole of the magnet, it will then 
be turned the contrary way.—24, If a piece of wire be 
touched in the middle with only one pole of the magnet, 
without moving it backwards or forwards; in that place 
will be the pole of the wire, and the two ends will be the 
other pole.—25, If a magnet be heated red-hot, and again 
cooled either with its south pole towards the north in a 
horizontal position, or w ith its souih pole downwards in a 

S erpendicular position, its poles will Ik changed.—26, Mr. 

•oyle (to whom we are indebted for the following magne- 
tical phenomena) found he could presently change the 
poles of a small fragment of a loadstone, by applying them 
to the opposite vigorous poles of a large one.—27, Hard 
iron tools well tempered, when heated by a brisk attrition, 
as filing, turning, &c, will attract thin tilings or chips of 
iron,steel, &c; and hence we observe that files, punches, au- 
gres, &c, have a small degree of magnetic virtue.—28, The 
iron bars of windows, &c, which have stood a long time 
in an erect position, grow permanently magnctical ; the 
lower ends of such bars being the north pole, and the up¬ 
per end the south pole.—29. A bar of iron that has not 
stood long in an erect posture, if it be only held perpen¬ 
dicularly, will become magnctical, and its lower end the 
north pole, as appears from its attracting the south pole 
of a needle: but then this virtue is transient, and by in¬ 
verting the bar, the^olcs change their places. In order 
therefore to render the quality permanent in an iron bar, 
it must continue a long time in a proper position. But fire 
will produce the effect in a short time: for as it will imme¬ 
diately deprive a loadstone of its attractive virtue; so it 
soon gives a verticity to a bar of iron, if, being heated red 
hot, it be cooled in an erect posture,or directly north and 
6 outli. .Even tongs and fire-forks, by being often heated, 
and set to cool again in a posture nearly erect, have gained 
this magnetic property. Sometimes iron bars, by long 
standing in a perpendicular position, have acquired the 
magnetic virtue in a burprising degree. A bar about 10 
feet long, and three incites thick, supporting the summer 
beam of a room, was able to turn the needle at 8 or 10 
feet distance, and exceeded a loadstone of pounds 
weight: from the middle point upwards it was a north 
pole, and downwards a south pole. And Mr. Martin 
mentions a bar, which had been the beam of a large steel- 
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vard that had several poles in it.—30, Mr. Boyle found, 
that by heating a piece of English okcr red-hot, ant 
placin'* it to cool in a proper posture, it manifestly acquired 
a magnetic virtue. And .an excellent magnet, belonging 
to the same ingenious gentleman, having lain near a year 
in an iheomenient posture, had its virtue greatly unpair¬ 
ed, as if it had been by fire —31, A needle well touched, 
it is known, will point north and south : if it have one 
contrary touch of the same stone, it will be cl< |>ri\cd of 
its faculty; and by another such touch, it will have its 
poles interchanged.—32, If an iron bar have gained a ver- 
ticity by being heated red-hot and cooled again, north 
and south, and'then hammered at the two ends; its virtue 
will be destroyed by two or three smart blows on the 
middle.—3S, By drawing the back of a knife, or a long 
piece of stccl-vyire, &c, leisurely over the pole of a load¬ 
stone, carrying the motion from the middle ol the stone 
to the pole; the knife or wire will attract one end of a 
needle; but if the knife or wire be passed from the said pole 
to the middle of the stone, it will repel the same end of 
the needle.—34, Either a magnet or a piece of iron being 
laid on a piece of cork, so as to float freely on water; it 
will be found, that, whichever of the two is held in the 
hand, the other will be drawn to it: so that iron attracts 
the inaguct as much as it is attracted by it; action and 
re-action being always equal. In this experiment, if the 
magnet be set afloat, it will direct its two poles to the 
poles of the world nearly.—35, A knife &c touched with 
a magnet, acquires a greater or less degree of virtue, ac¬ 
cording to the part it is touched on. It receives the 
strongest virtue, when it is drawn leisurely from the handle 
towards the point over one of the poles. And if the same 
knife thus touched, and thus possessed of a strong attrac¬ 
tive power, be retouched in a contrary direction, viz, by 
drawing it from the point towards the handle over the 
same pole, it immediately loses all its virtue,—36, A mag¬ 
net acts with equal force in vacuo as in the open air.— 
37, The smallest magnets have usually the greatest power 
in proportion to their bulk. A large magnet will seldom 
take up above 3 or 4 times its own weight, while a small 
otic will often take up more than ten times its weight. A 
magnet worn by Sir Isaac Newton in a ring, and which 
weighed only 3 grains, would take up 746 grains, or almost 
250 times its own weight. A magnetic bar made by Mr. 
Canton, weighing 10 oz. 12 dwts, took up more than 79 
ounces; and a flat semicircular steel magnet, weighing 
1 oz. 13 dwts, took Up an iron wedge of 90 ounces. 

Armed Magnet, denotes one that is capped, cased, or 
set in iron or steel, to make it take up a greater weight, 
and also more readily to distinguish its poles. For the 
methods of doing this, sec Mr. Michell's book on this 

subject. - • 

Artificial Magnet, is a bar of iron or steel, impreg¬ 
nated with the magnetic virtue, so as to possess all the 
properties of the natural loadstone, and be used instead 
of it. How to make magnets of this kind, by means of a 
natural magnet, and even without the assistance of any 
magnet, was suggested many years since by Mr. Savnry, 
and particularly described in the Philos. Trans. No. 
414. Sec also my Abridgment, vol. 7> pa. 400. But as 
his method was tedious and operose, though capable of 
communicating a very considerable virtue, it was little 
practised. Dr. Gowin Knight first brought this kind of 
magnets to their present state of perfection, so as to be 
even of much grea'tcr efficacy than the natural ones. But 
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as he foolishly refused to discover his methods on any. 
terms whatever, these curious and valuable secrets in 
a great measure died with. him. The result of his method 
however was first published in the Philos. 'I raris. for 1744, 
art. 8 , and for 1745, art. 3. See also the vol. for 1747, 
art. 2. And in the 69 th vol. Mr. Benjamin Wilson has 
given a process, which at least discovers one of the leading 
principles of Dr. Knight’s art. The method, according to 
Mr. Wilson, was ns follows. Having provided a great 
quantity of clean iron filings, he put them into a large tub 
that was more than one-third filled with clean water; he 
then, with great labour, shook the tub to and fro for many 
hours together, that the friction between the grains of 
iron, by this treatment, might break or rub off such small 
parts as would remain suspended in the water lor soino 
time. The water being thus rendered very muddy, he 
poured it into a clean iron vessel, leaving the filings behind; 
and when the water had stood long enough to become 
clear, he poured it out carefully, without disturbing such 
of the sediment as still remained, which now appeared 
reduced almost to impalpable powder. This powder was 
afterwards removed into another vessel, to dry it: and 
having, by several repetitions of the process, procured a 
sufficient quantity of this very fine powder ; the next thing 
was to make a paste of it, and that with some vehicle con¬ 
taining a good quantity of the phlogistic principle; for 
this purpose, he had recourse to linseed oil, in preference 
to all other fluids: and with these two ingredients only, he 
made a stiff paste, and took great care to knead jt well 
before he moulded it into convenient shapes. Sometimes, 
while the paste continued in its soft state, he would put 
the impression of a seal; one of which is in the British 
Museum. This paste so moulded was then set upon 
wood, or a title, to dry or bake it before a moderate fire, 
being placed at about one foot distance. He found that 
a moderate fire was most proper, because ft greater degree 
of heat would make the composition crack in mnny 
places. The time requisite for the baking or drying of this 
paste, was usually about 5 or 6 hours, before it attained a 
sufficient degree of hardness. When that was done, and 
the several baked pieces were become cold, he gave them 
their magnetic virtue in any direction lie pleased, by 
placing them between the extreme ends of his large ma¬ 
gazine of artificial magnets, for a few seconds. The virtue 
they acquired by this method was such, that, when any 
of those pieces were held between two of his best tcu-gui- 
nca bars, with its poles purposely inverted, it immediately 
of itself turned about to recover its natural direction, 
which the force of those very powerful bars was not suffi¬ 
cient to counteract. Philos. Trans, vol. 65, for 1779- 
Methods for artificial magnets were also discovered and 
published by the Rev. Mr. John Michel!, in a Treatise on 
Artificial Magnets, printed in 1750, and by Mr. John 
Canton, in the Philos. Trans, for 1751. The process for 
the same purpose was also found out by other persons, 
particularly by Du Hamel, Hist. Acad. Roy. 1745 and 
1750, and by-Marul Uitgcleczc Nutuurkund. Verhand. 
tom. 2, p. 261 . 

Mr. Canton’s method is as follows: Procure a dozen 
of bars; 6 of soft steel, and 6 of hard; the former to be 
each 3 inches long, a quarter of an inch broad* und 1 -20th 
of an inch thick; with two pieces of iron, each half the 
length of one of the bars, but of the same breadth and 
thickness; and the 6 hard bars to bo each 5§ inches long* 
half an inch broad, and 3>20ihs of an inch thick, with 
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two pieces of iron of half the length, but the whole 
breadth and thickness of one of the hard bars; and let all 
the bars be marked with a line quite around them at one 
end. Then take an iron poker and tongs (fig. 1; plate 20), 
or two bars of iron, the larger they are, and the longer 
they have been used, the better; and fixing the poker 
upright between the knees, hold to it, near the top, one of 
the soft bars, having its marked end downwards by a piece 
of sewing-silk, which must be pulled tight by the left 
hand, that the bar may not slide: then grasping the tongs 
with the right hand, a little below the middle, and holding 
them nearly in a vertical position, let the bar be stroked 
by the lower end, from the bottom to the top, about ten 
times on each side, which will give it a magnetic power 
sufficient to lift a small key at the marked end : which 
end, if the bar were suspended on a point, would turn 
towards the north, and is therefore called the north pole ; 
and the unmarked end is, for the same reason, called the 
south pole. Four of the soft bars being impregnated in 
this manner, lay the two (fig. 2) parallel to each other, at 
a quarter of an inch distance, between the two pieces of 
iron belonging to them, a north and a south pole against 
each piece of iron : then take two of the four bars already 
made magnetical, and place them together, so as to make 
a double bar in thickness, the north pole of one even with 
the south pole of the other ; and the remaining two being 
put to these, one on each side, so as to have two north 
and two south poles together, Separate the north from the 
south poles at one end by a large pin, and place them per¬ 
pendicularly with that end downward on the middle of 
one of the parallel bars, the two north poles towards its 
south end, and the two south poles towards its north end : 
slide them three or four times backward and forward the 
whole length of the bar; then removing them from the 
middle of this bar, place them on the middle of the other 
bar as before directed, and go over that in the same man¬ 
ner; then turn both the bars the other side upwards, and 
repeat the former operation: which being done, take the 
two from between the pieces of iron ; and, placing the two 
outermost of the touching bars in their stead, let the other 
two be the outermost of the four to touch these with ; and 
this process being repeated till each pair of bars have been 
touched three or four times over, which will give them a 
considerable magnetic power. Put the half-dozen together 
after the manner of the four (fig. 3), and touch them with 
two pair of the hard bars placed between their irons, at 
the distance of about half an inch from each other; then 
lay the soft bars aside, and with the four hard ones let the 
other two be impregnated (fig. 4), holding the touching 
bars apart at the lower end ncar-fth of an inch ; to which 
distance let them be separated after they are set on the pa¬ 
rallel bar, and brought together again before they arc 
taken off: this being observed, proceed according to the 
method described above, till each pair have been touched 
two or three times oVfer. But as this vertical way of 
touching a bar, will not give it quite so much of the mag¬ 
netic virtue as it will receive, let each pair be now touched 
once or twice over in their parallel position between the 
irons (fig. 5), with two of the bars held horizontally, or 
nearly so, by drawing at the same time the north end of 
one from the middle over the south end, and the south of 
the .other from the middle over the north end of a parallel 
bar; then bringing them to the middle again, without 
touching the parallel bar, give three of four df these hori¬ 
zontal strokes to each side. The horizontal touch, after 


the vertical, will make the bars as strong as they possibly 
can be made, as appears by their not receiving any addi¬ 
tional strength, when the vertical touch is given by a great 
number of bars, and the horizontal by those of a superior - 
magnetic power. 

This whole process may be gone through in about half 
an hour ; and each of the large bars, if well hardened, 
may be made to lift 28 troy ounces, and sometimes more. 
And when these bars are thus impregnated, they will <>ive 
to a hard bar of the same size its full virtue in less than 
two minutes; and therefore will answer all the purposes 
of magnetism in navigation and experimental philosophy, 
much better than the loadstone, which has not a power 
sufficient to impregnate "hard bars. The half dozen being 
put into a case (tig. 6), in such a manner as that no two 
poles of the same name may be together, and their irons 
with them as one bar, they will retain the virtues they 
have received ; but if their power should, by making ex¬ 
periments, be ever so far impaired, it may be restored 
without any foreign assistance in a few minutes. And if 
perchance'a much larger set of bars should be required, 
these will communicate to them a sufficient power to pro¬ 
ceed with; and they may, in a short time, by the same 
method, be brought to their full stiength. 

MAGNETISM, the quality or constitution of a bod)’, 
by which it is rendered magnetical, or a magnet, sensibly 
attracting iron, and giving it a meridional direction.—This 
is a transient power,capable of being produced, destroyed, 
or restored. 

The Laws of Magnetism. —These laws arc laid down 
by Mr. Whiston in the following propositions.— 1. The 
loadstone has both an attractive and a directive power 
united together, while iron touched by it has only the 
former; i. e. the magnet not only attracts needles, or steel 
filings, but also directs them to certain different angles, 
with respect to its own surface and axis; whereas iron, 
touched with it, does little or nothing more than attract 
them ; still suffering them to lie along or stand perpen¬ 
dicular to its surface and edges in all places, without any 
such special direction. 

2. Neither the strongest nor the largest magnets give a 
better directive touch to needles, than those of a less size 
or virtue : to which may be added, that whereas there are 
two qualities in all magnets, an attractive and a directive 
one, neither of them depend on, or are any proof of, the 
strength of the other. 

3. The attractive power of magnets, and of iron, will 
greatly increase or diminish the weight of needles on the 
balance ; nay, it will overcome that weight, and even 
sustain some other additional also: while the directive 
power has a much smaller effect. Gassendus indeed, ns 
well as Mersennus and Gilbert, assert that it has none at all: 
but this is a mistake; for Whiston found, from repeated 
trials on large needles, that after the touch they weighed 
less than before. One of 4584| grains, lost 2| grains by 
the touch ; and another of 65726 grains weight, no less 
than 14 grains. 

4. It is probable that iron consists almost wholly of the 
attractive particles; and the magnet, of the attractive and 
directive together; mixed, probably, with other hetero¬ 
geneous matter; as having never been purged by the 
fire, which iron has; and hence may arise the reason why 
iron, after it has been touched, will lift up a much greater 
weight than the loadstone that touched it. 

5. The quantity and direction of magnetic powers. 
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communicated to needle, arc not properly, after such 
communication, owing to the magnet which gave the 
touch ; hut to the goodness of the steel that receives it, 
and to the strength and position ot the terrestrial loadstone 
whose influence alone those needles arc afterwards subject 
to, and directed by : so that all such needles, if good, 
move with the same strength, and point to the same angle, 
whatever loadstone they may have been excited by, pro¬ 
vided it be but a good one Nor does it seem that the 
touch does much more in magnetical cuscs, than attrition 
does in electrical ones; i. c. serving to rub oft some ob¬ 
structing particles, that adhere to the surface of the steel, 
and opening the pores of the body touched, thus making 
way for the entrance and exit of such effluvia as occasion 
or assist the powers we are speaking of. Hence Mr. Elus¬ 
ion lakes occasion to observe, that the directive power of 
the loadstone seems to be mechanical, and to be derived 
from magnetic effluvia, circulating continually about it 
O' The absolute attractive power of different armed load¬ 
stones, is, ca-teris paribus, not according to either the 
diameters or solidities of the loadstones, but according to 
the quantity of their surfaces, or in the duplicate propor¬ 
tion of their diameters. 

7. The power of good unarmed magnets, sensibly equal 
in strength, similar in figure and position, but unequal in 
magnitude, is sometimes a little greater, sometimes a little 
Jess, than in the proportion of their similar diameters. 

8. The load stone attracts needles thatliavc been touched, 
and others that have not been touched, with equal force 
at unequal distances, viz. when the distance of the former 

is to the distance of the latter, as 5 to 2. 

9. Both poles of a magnet equally attract needles, till 
they arc touched ; then it is, and then only, that one pole 
begins to attract one end,' and repel the other : though 
the repelling pole will still attract upon contact, and even 

at very small distances. _ . 

10. The attractive power of loadstones, in their similar 
position to, but different distances from, magnetic needles, 
is in the scsquiduplicatc proportion of the distances of their 
surfaces from their needles reciprocally; or asthc mean pro¬ 
portionals between the squares and the cubes of those dis¬ 
tances reciprocally ; or inversely as the square roots of 
the 5th powers of those distances. Thus, the magnetic 
force of attraction, at twice the distance from the surface 
of the loadstone, is between a 5th and 6th part of the 
force at the first distance ; at thrice the distance, the force 
is between the 15tli and l6th part;'at four times the 
distance, the po\\er is the 32d part of the first; and at 
six times the distance, it is the 88th part. Where it is to be 
noted, that the distances arc not counted from the centre, 
as in the laws of gravity, but fjom the surface; as ex¬ 
perience teaches us, that the magnetic powef resides 
chiefly, if not wholly, in the surfaces of the loadstone 
and iron; without any particular relation to any centre 
whatever. The proportion here laid down was determined 
by Mr. Whiston from a great number of experiments by 
Mr. Hawksbgc, Dr. Brook Taylor, and by Mr. Whiston 
himself; measuring the force by the chOTds of thoscurcs 
by which the magnet at several distances draws the needle 
out of its natural direction; to vvhich chords, as he de¬ 
monstrates, it is always proportional. The numbers in 

• some of their most accurate trials, ho gives in the follow¬ 
ing tabic, setting down the half chords, or the sines of 
half those arcs of declination, as the true measures of the 
force of magnetic attraction. 


Distances in Degrees of 

inches. inclination. 


20 

14 ‘ 

12 i 
1*4 
104 
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Sines of SesquldupVt- 
$ arcs. cate ratio. 

2 175 466 

4 349 216 

6 523 170 

8 697 , 138 

10 871 103 

12 1045 87 

9i 14 1219 7 °\ 

Other persons however have found some variations 111 
the proportions of the magnetic force with respect to dis¬ 
tance: Thus, Newton supposes it to decrease nearly in the 
triplicate ratio of the distance: Mr. Martin observes, that 
the power of his loadstone decreases in the scsquiduplicatc 
ratio of the distances inversely ; but Dr. Helshum and Mr. 
Michcll found it to be as the square ol the distance in¬ 
versely: while others, as Dr. Brook Taylor and M. Mus- 
chcnbrock, are of opinion, that this power follows no cer¬ 
tain ratio at all, and that the variation is diflerent in Uit- 

ferent stones. „ cr . , •• 

11. An indicatory, or dipping-needle of 6 inches radius, 

and of a prismatic or cylindric figure, when it oscillates 
along the magnetic meridian, performs there every mean 
vibration in about 6" or S6o'", and every small oscillation 
in about 5"4, or 330'": and the same kind of needle, 4 
feet long, makes every mean oscillation in about 24 , and 

every small one in about 22". _ 

12. The whole power of magnetism in this country, as 
it affects needles a foot long, is to that of gravity, nearly 
as 1 to 300; and as it affects needles 4 feet lone, as 1 to 

600. , .. ., 

13. The quantity of magnetic power accelerating the 

same dipping-needle, as it oscillates in different vertical 
planes, is always as the cosines of the angles made by 
those planes with the magnetic meridian, taken on ttao 

horizon. . . ,_ 

Thus, in estimating the quantity of force in the ho¬ 
rizontal and in the vertical situations of needles at London, 
it is found that the latter, in needles of a foot long, is to 
the whole force along the magnetic meridian, as 96 to 100; 
and in needles 4 feet long, ns 9^7 to 10000: whereas, 
in the former, the whole force in needles of a loot long, is 
as 28 to 100; and in those of 4 feet long, as 266 to 1000. 
Whence it follows, that the power by which horizontal 
needles are governed in these 1 pnrts of the world, is but 
the quarter of the power by which the diving-needle is 

moved. . . .. , , 

Hence also, as the horizontal needle is moved only by 
a part of the power that moves the dipping-needle; and 
as it only points to a certain place in the horizon, because 
that place is the nearest to its original tendency of any 
that its situation will allow it to tend to; whenever the 
dipping-needle stands exactly perpendicular to the ho¬ 
rizon, the horizontal needle will not respect one point of 
the compass more than another, but will wheel about any 
way uncertainly. ^ . • . 

14. The titne of oscillation arid vibration, both in dip¬ 
ping and horizontal needles, that are equally g6od, is as 
their length directly; and the actual velpcities of their 
points along their arcs are always unequal. And hence, 
magnetical needles are, caitcrjs paribus, still belter, the 
longer they are; and that *m the proportion of their 
lengths. M 

Of the (Jatues qf Magnetism. Though many authors 
have proposed hypotheses concerning the ca use of mag- 
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netism, as Plutarch, Descartes, Boyle, Newton, Gilbert, 
Hartsoeker, Halley, Whiston, Knight, Beccaria, Ac; no¬ 
thing however has yet appeared that can be called a sa¬ 
tisfactory solution of its phenomena. It is certain indeed, 
that both natural and artificial electricity will give polarity 
to needles, and even reverse their poles; but though from 
this it may appear probable that the electric fluid is also 
the cause of magnetism, yet in what manner the fluid acts 
while producing the magnctical phenomena, seems to be 
quite unknown. 

Dr. Knight, indeed, from several experiments deduces 
the following propositions, which he offers, not so much to 
explain the nature of the cause of magnetism, as the man¬ 
ner in which it acts : the magnetic matter of a loadstone, 
he says, moves in a stream from one pole to the other in¬ 
ternally, and is then carried back in a curve line exter¬ 
nally, till it arrive again at the pole where it first entered, 
to be again admitted : the immediate cause why two or 
more magnctical bodies attract each other, is the flux of 
one and the same stream of magnctical matter through 
them; and the immediate cause of magnetic repulsion, is 
the conflux and accumulation of the magnetic matter. 
Philos. Trans, vol.44, pa.665. Mr. Michell rejects the 
motion of a subtile fluid ; but though he proposed to pub¬ 
lish a theory of magnetism established by experiments, no 
such theory ever appeared. . , 

Signor Beccaria, from observing that a sudden stroke 
of lightning gives polarity to magnets, conjectures, that a 
regular and constant circulation of the whole mass of the 
electric fluid, front north to south, may be the original 
cause of magnetism ui general. But this current he does 
not suppose to arise from one source, but from several, in 
the northern hemisphere of v the earth : the aberration of 
the common centre of all the currents from the north 
point, may be the cause of the variation of the needle ; the 
period of this declination of the centre of the currents, 
may be the period of the variation ; and the obliquity with 
which the currents strike into the earth, may be the cause 
of the dipping of the needle, and also why bars of iron 
more easily receive the magnetic virtue in one particular 
direction. Lettrc dell' Elettrjcismo, pa. 269; or Priest¬ 
ley s Hist. Elec. vol. 1, pa. 409- Sec also Cavallo’s Trea¬ 
tise on Magnetism, and the article Vahiation in this vo- 
lumc. 

MAGNIFYING, is the making of objects appear 
larger than they usually and naturally appear to the eye ; 
whence convex lenses, which have the power of doing this, 
are called Magnifying Glasses. 

The magnifying power of dense mediums of certain 
figures, was known to the ancients ; though they were far 
from understanding the cause of this effect. Seneca says, 
that small and obscure lettcrs*appear larger and brighter 
through a glass globe filled with water; and he absurdly 
accounts for it by saying, that the eye slides in the water, 
and cannot lay hold of its object. And Alexander Aphro- 
disensis, about two centuries aftdr Seneca, says, that the 
reason why apples appear large when immersed in water, 
is, that the water which is contiguous to any body is af¬ 
fected with the same quality and colour; so that the eye 
is deceived in imagining the body itself larger. But the 
first distinct account we have.of the magnifying power of 
glasses, is in the 12th century, in the writings of Roger 
Bacon, and Alhazen j and it is not improbable that from 
their observations the construction of spectacles was de¬ 
rived. In the Opus Majus of Bacon, it is demonstrated, 
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that if a transparent body, interspersed between the eye 
and an object, be convex towards the eye, the object will 
appear magnified. 

Magnifying Glass, in Optics, is a small spherical 
convex lens; which, in transmitting the rays oflight. in¬ 
flects them more towards the axis, and so exhibits objects 
viewed through them larger than when viewed by the 
naked eye. Sec Microscope. 

MAGNITUDE, any thing made up of parts locally 
extended, or continued; or that has several dimensions; 
as.a line* surface, solid, Ac. Quantity is often used as 
synonymous with magnitude. See Quantity. 

Geometrical Magnitudes, are usually, and most pro¬ 
perly, considered as generated or produced by motion; as 
lines by the motion of points, surfaces by the motion of 
lines, and solids by the motion ofsurfaces. 

Apparent Magnitude, is that which is measured by 
the optic or visual angle, intercepted between rays drawn 
from its extremes to the centre of the pupil of the eye. It 
is a fundamental maxim in optics, that whatever things 
are seen under the same or equal angles, appear equal; 
and vice versa.—The apparent magnitudes of an object, at 
different distances, are in a ratio loss than that of their 
distances reciprocally. . 

The apparent magnitudes of the two great luminaries, 
the sun and moon, at rising and setting, area phenomenon 
that has greatly embarrassed the modern philosophers.' 
According to the ordinary laws of vision, they should ap¬ 
pear the least when nearest the horizon, being then farthest 
from the eye; and yet it is found that the contrary is true 
in fact. Thus, it is well known that the mean apparent 
diameter of the moon, at her greatest height in the meri¬ 
dian, is nearly 31' in round numbers, subtending then an 
angle of that quantity as measured by any instrument. 
But, being viewed when she rises or sets, she seems to the 
eye as two or three times as large as before ; and yet when 
measured by the instrument, her diameter is not found in¬ 
creased at all, but diminished. 

Ptolemy, in his Almagest, lib. 1, cap.3, taking for 
granted, that the angle subtended by the moon was really 
increased, ascribed the increase to a refraction of the rays 
by vapours, which actually enlarge the angle under which 
the moon appears, just as the angle is enlarged by which 
an object is seen from under water: and his commentator 
Thcon explains distinctly how the dilatation of the angle 
in the object immersed in water is caused. But it being 
afterwards discovered, that there is no alteration in the 
angle, another solution was started by thfe Arab Alhazen, 
which was followed and improved by Bacon, Vitello, Kep¬ 
ler, Peckbam, and others. According to Alhazen', by 
sight we apprehend the surface of the heavens to be flat, 
and judge of the stars as of ordinary vjsible objects ex¬ 
tended on a wide plain ; the eye-sees them under equal an¬ 
gles indeed, but withal perceives a difference in their di¬ 
stances, nnd (on account of the semidiameter of the earth, 
which is interposed in one case, and not in the other) it is 
hence induced to judge those that appear more remote to 
be greater. Further improvement was made in this cxpla* 
nation by Mr. Hobbes, though he fell into some mistakes 
in his application of geometry to this subject: for he ob¬ 
serves, that this deception operates gradually from the ze- 
nith-to the horizon; and that if the apparent arch of the 
sky be divided into any number of equal parts, those parts, 

111 descending towards the horizon, will subtend an an«»le 
that is gradually less and less. And be was the first who 
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expressly considered ! lie vaulted appearance of the sky as 
a real portion o! a circle. 

Descartes, and from him Dr. Wallis, and most other au¬ 
thors, account for the appearance of a different distance 
under the same angle, from the long senes of objects in¬ 
terposed between the eye and the extremity ot the sensible, 
horizon; which makes us imagine it more remote than 
when in the meridian, where the eye sees nothing ... the 
wav between the object and itself. 1 his idea of a great 
distance makes us imagine the luminary the larger ; for an 
object being seen under any certain angle, and believed at 
the same time very remote, we naturally judge it must be 
very large, to appear under such an angle at such a di¬ 
stance. And thus a pure judgment of the mind makes us 
see the sun, or the moon, larger in the horizon than in the 
meridian; notwithstanding their diameters measured by 
aiiy instrument arc really less in the former situation than 

the latter. 

hums Gregory, inhisGeoin. Pars Universalis, pa. 141, 
subscribes to'tl.is opinion : I atl.er Mallebranche also, in 
the first book of his Recherche de la Vcrite, has explained 
this phenomenon almost in the expression of Descartes : 
and Huygens, in his Treatise on the Parhelia, translated 
by Dr. Smith, Optics, art. 536, has approved, and very 
clearly illustrated, the received opinion. The cause ol 
this fallacy, says he, in short, is this; that wc think the 
sun, or any thing else in the heavens, further from u»when 
it is near the horizon, than when it approaches towarus 
the vertex, because wc imagine every thing in the air that 
appears near the vertex to be farther from us than the 
clouds that fly over our heads ; whereas, on the other 
hand, we arc used to observe a large extent of land lying 
between us and the objects near the horizon, at the farther 
end of which the convexity of the sky begins to appear; 
which therefore, with the objects that appear in it, arc 
usually imagined to be much farther from us. Now when 
two objects of equal magnitude appear under the same 
angle, wc always judge that object to bo larger which wc 
think is remoter. And this, according to them, is the true 
cause of the deception in question. 

Gasscndus was of opinion, that *this effect arises from 
hence ; that the pupil of the ey'c, being always more open 
as the place is more dark, ns in the morning and evening, 
when the light is less, and besides the earth being then co¬ 
vered with gross vapours, through a longer column of 
which the rays must pass to reach the horizon ; the image 
of the luminary enters the. eye at a greater angle, and is 
really painted there larger than when the luminary is 
higher, bee Apparent Diameter &nd Magnitude. 

F. Gouge advances another hypothesis, which is, that 
when the luminaries arc in the horizon, the proximity of 
the earth, and the gross vapours with which they then 
appear enveloped, have the same effect with regard to us, 
as a wall, or other dense body, placed behind a column ; 
which in that case appears larger than when insulated, 
and encompassed on all sides with an illuminated air. 

The commonly received opinion has been disputed, not 
only by F.’Qougc, who observes, Acad. Sci. 1700, pa. 11, 
that the horizontal moon appears equally large across the 
sea, where there arc no objects to produce the effect 
ascribed to them ; but also by Mr. Molyneux, who says, 
Philos. Trans. Abr. vol. 3, pa. 365, that if this hypothesis 
be true, we may at any time increase the apparent magni¬ 
tude of tho moon, even in the meridian; for, in order to 
divide the space between it and the eye, wo need only to 


look at it behind a duster of chimneys, the ridge of a hill, 
or the top of a house, &c. He makes also the same ob¬ 
servation with F. Gouge, above mcnt.oned, and further 
observes, that when the height of all the intermediate ob¬ 
jects is cut off; by looking through a tube, the imagina¬ 
tion is not helped, and yet the moon seems still as large as 

M. Biot, however, in his treatise of Physical Astronomy, 
seems to be of a contrary opinion, for he says, that as soon 
as the moon is viewed through a tube, or oven through a 
small hole pierced in a card, so as to lake off the view of 
intervening objects, the deception ceases ; and the diame¬ 
ter appears no larger than when it is observed in the ze- 

nith. t , 

Bishop Berkeley supposed, that the moon appears larger 

near the horizon, because she then appears taintcr, and 

her beams affect the eye less. And Mr. Robins has pretty 

fully recited some other opinions on this subject, Math. 

Tracts, vol. 2, pa. 242, &c. . 

Dr. Dcsaguliers has illustrated the doctrine of the ho¬ 
rizontal moon, Philos. Trans. Abr. vol 8, pa. 105, on the 
supposition of our imagining the visible heavens to be only 
a small portion of a sphcricul surface, and consequently 
supposing the moon to be further Irom us in the horizon 
than near the zenith ; and by several ingenious contri¬ 
vances he demonstrated how liable we arc to such decep¬ 
tions. The same idea, is pursued still further by Dr. 
Smith, in his Optics, where he determines, thut the centre 
of the apparent spherical segment of the sky lying much 
below the eye, or the horizon, the apparent distance of 
its parts near the horizon was about 3 or 4 times greater 
than the apparent distance of its parts over head; from 
which reason it is, he infers, that the moon always appears 
the larger as she is lower, and also that wc always think 
the height of a celestial object to be more than it really 
is. Thus, he determined, by measuring the actual height 
of some of the heavenly bodies, when to his eye they 
seemed to be half way between the horizon ami the zenith ; 
that their real altitude was then only 23°: when the sun 
was about 30° high, the upper portion always appeared 
less than the under; and he thought that it was constantly 
greater when the sun was 18° or 20° high. Mr. Robins, 
in his Tracts, vol. 2, pa. 245, shows how to determine the 
apparent concavity of the sky in a more accurato and 
geometrical munner; by wbicliait appears, that if the alti¬ 
tude of any of the heavenly bodies be 20°, at tho time 
when it seems to be half way between the horizon and the 
zenith, the horizontal distance will be hardly less than 4 
times the perpendicular,distance; but it Unit altitude be 
28°, it will be little more than 2. and a half. 

Dr. Smith, having determined the apparent figure of 
the sky, thus applies it to explain the phenomenon of 
the horizontal moon, and other similar appearances in the 
heavens. Suppose the arc abc to represent the apparent 
concavity of the heavens: then the diameter of the sun 
and moon would seem to be greater in the horizon than 
at any altitude, measured by the angle aud, in the ratio 
of its apparent distances, ao, bo. The numbers that 
express these proportions he reduced into the annexed 
table, answering to the corresponding altitudes of the sun 
or moon, which arc also exactly represented to the eye in 
the figure, in which the moon, placed in the quadrantal 
arc fg described about the centre Q, arc all equal to each 
other, and represent the body of the moon in the heights 
there noted, and tho unequal moons in the concavity ab« 
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are terminated by the visual rays coming from the circum¬ 
ference of the real moon, at those heights to the eye, ato. 


/ 
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Dr,Smith also observes, that the apparent concave of the sky, 


being less than a he¬ 

The ah.of the mjd or 

Aj>parent diameters 

misphere, is the cause 

moon iu degree*. 

or distance*. 

that the breadths of the 

00 

100 

colours in the inward 

15 

68 

and outward rainbows, 

30 

50 

and the interval be¬ 

45 

40 

tween the bows, ap¬ 

60 

34 

pear least at the top, 

75 

31 

and greater nt the bot- 

90 

30 

tom. This theory of the horizontal moon is also con- 


firmed by the appearances of the tails of comets, 
which, whatever be their real iigure, magnitude, and si¬ 
tuation, in absolute space, do always appear to be an arc 
of the concave of the heavens. Dr. Smith however just¬ 
ly acknowledges that, at different times, the moon appears 
of very different magnitudes, even in the same horizon, 
and occasionally of an extraordinary large size; which 
he is not able to give a satisfactory explanation of. Smith's 
Optics, vol. 1, pa. 63, &c, Remarks, pa. 53. 

MAIGNAN (Emanuel), a religious minim, and one 
of the greatest philosophers of his age, was born atThou- 
louse in lfiOl. Lake the famous Pascal, he became a com¬ 
plete mathematician without the assistance of a teacher; 
and filled the professor’s chair at Rome in 1636, where, 
at the expense of Cardinal Spada, he published his book 
Dc Pcrspcctiva Horaria, in 1648. Maignan returned to 
Thoulousc in 1050, and was created Provincial. Iiis 
knowledge in mathematics, and physical experiments, 
was very early known; especially from a dispute which 
arose between him and father Kirchcr, about a catoptrical 
invention. 

The king, who in lG60 amused himself with the ma¬ 
chines and curiosities in the father’s cell, made him offers 
by Cardinal Mazarin, to draw him to Paris; but he hum¬ 
bly desired to spend the remainder of his days in a cloi¬ 
ster.—He published a Course of Philosophy, in 4 volumes 
Svo, at Thoulouse, in 1052 ; to the second cditlbn of 
ujiich, in folio, 1673, he added two treatises; the one 
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against the vortices of Descartes, the other on the speak¬ 
ing-trumpet invented by Sir Samuel Morland.—He also 
formed a machine, which showed, by its movements, that 
Descartes's supposition concerning the manner in which 
the universe was formed, or might have been formed, and 
concerning the cchtrifugal force, was entirely without 
foundation. 

Thus this great philosopher and divine passed a life of 
tranquillity, in writing books, making experiments, and 
reading lectures. He was frequently consulted by the 
most eminent philosophers on different subjects, which 
he answered either by writing or otherwise; and no person 
was certainly more industrious : it is said that he even 
studied in his sleep ; for his very dreams employed him in 
problems, which he pursued sometimes till he came to a 
solution or demonstration; and he has frequently • been 
awaked out of his sleep of a sudden, by the exquisite 
pleasure which he felt on discovery of it. The excel¬ 
lence of his manners, and his unspotted virtues, rendered 
him no less worthy of esteem, than his genius and learn¬ 
ing.—It is said that he composed with great ease, and 
without making any alterations. He died at Thoulouse in 
1676', at 75 years of age. 

MALLEABLE, the property of a solid ductile body, 
from which it may be beaten, forged, and extended under 
the hammer, without breaking, which is a property of all 
metals. 

MANFREDI (Eustachio), a celebrated atsronomer 
and mathematician, born at Bologna in 1674. His ge¬ 
nius was always above bis age: for he was a tolerable 
poet and wrote ingenious verses while he was but a child : 
and while very young he formed in his father’s house an 
academy of youth of his own age, who became there the 
Academy of Sciences, or the Institute. He was professor 
of mathematics at Bologna in 1698 , ami superintendant 
of the waters there in 1704. The same year he was 
placed at the head of the College of Montaltc, founded 
at Bologna for young men intended for the church: and 
in 1711 he obtained the ofiice of astronomer to the In¬ 
stitute of Bologna. He became member of the Academy 
of Sciences of Paris in 1726, and of the Royal Society 
of London in 1729; and died the 15th of February 1739, 
at 65 years of age.—His works are: 

1. Ephemerides Motuuin Coelestium ab anno 1715 ad 
annum 1750; 4 volumes in 4to.—The first volume is an 
excellent introduction to astronomy ; and the other three 
contain numerous calculations. His two sisters greatly 
assisted him in composing this work. 

2. De Transitu Mcrcurii per Solem, anno 1723. Bo¬ 
logna 1724, in 4to. 

3. De Annuis Incrrautium Stcllarum Aberrationibus, 
Bologna 1729, in4to.—Besides a number of papers in the 
Memoirs of the Academy of Sciences, and in other places. 

MANILIUS (Marcus), a Latin astronomical poet, 
who lived in the reign of Augustus Ca»ar. He wrote an 
ingenious poem relating to the stars and the sphere, called 
Astronomicon ; which, not being mentioned by any of the 
ancient poets, was unknown, till about two centuries 
since, when it was found buried in some German library, 
and published by Poggius. There is no account to be 
found of this author, butwhat can be drawn from hispocin ; 
which contains a system of the ancient astronomy and 
astrology, together with the philosophy of the Stoics. It 
consists of five books ; though there was a sixth, which 
has not been recovered. In this work, Manilius hints 
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at some* opinions, which later ages have been ready to 
^lory in as their own discoveries. Thus he defends the 
fluidity of the heavens, against the hypothesis of Aristotle; 
and asserts that the fixed stars arc not all in the same con¬ 
cave superficies of the heavens, and equally distant from the 
centre of the world: he maintains that they are all of the 
same nature and substance with the sun, and that each of 
them has a particular vortex of its own : and lastly, he says 
that the milky way is only the united lustre of a great 
many small imperceptible stars; which indeed the moderns 
now see to be such through their telescopes. The best 
editions of Manilius are that of Joseph Scaligcr, in 4to, 
1600; that of Bentley, in 4to, 1738, and that of Edmund 
Burton, esq. in 8vo, 1783. 

MANOMETER, or Manoscope, an instrument to 
show or measure the alterations in the rarity or density 
of the air.—The manometer differs from the barometer in 
this, that the latter only serves to measure the Weight of 
the atmosphere, or of the column of air over it ; but the 
former, the Density of the air in which it is found; 
which density depends not only on the weight of the at¬ 
mosphere, but also on the action of heat and cold, Arc. 
Authors however often confound the I wo together; and 
Mr. Boyle himself has given a very* good manometer ol 
his contrivance, under the name of a Statical Barometer, 
consisting of a bubble of thin glass, about the size of an 
orange, which being counterpoised when the air was in a 
mean stole of density, by means of a nice puir of scales, 
sunk when the atmosphere became lighter, and rose as it 
grew heavier. 

The manometer used by Captain Phipps, in his voyage 
towards the north pole, consisted of a tube of a small 
bore, with a bull at the end. The barometer being at 
2.9'7» B small quantity of quicksilver was put into the 
tube, to take off the communication between the external 
air, and that confined in the ball and the part of the tube 
below this quicksilver. A scale is placed on the side of 
the tube, • which marks the degrees of dilatation arising 
from the increase of heat in this state of the weight of the 
air, and has the same graduation as that of Fahrenheit's 
thermometer, the point of freezing being marked 32. In 
this state therefore it will show the degrees of heat in the 
same manner as a thermometer, llut when the air becomes 
lighter, the bubble inclosed in the ball, being less com¬ 
pressed, dilates itself, and occupies a space as much larger 
as the compressing force is less; therefore the changes 
arising from the increase of heat, arc proportionably 
larger ; and the instrument shows the differences in the 
density of the air, arising from the changes in its weight 
and heat. Mr. Ramsden found, that a heat equal to that 
of boiling water, increased the magnitude of the air, from 
what it was at the freezing point, by of the whole. 
Hence it follows, tliut the ball and the part of the tube 
below the beginning of the scale, is of a magnitude equal 
to almost 414 degrees of the scale. If the height of both 
the manometer and thermometer be given, the height of 
the barometer may be thence deduced, by this rule: 
us the height of the manometer increased by ,414, 
to the height of the thermometer increased by 414, 
so is 2 9’7, to the height of the barometer; 
or if m denote the height of the manometer, and t the 
height of the thermometer; then 

in -+• 414 : / -+- 414 :: 29*7 : -- + ° * x 29'7, which is 

m -mu 

the height of the barometer. 
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Another kind of manometer was made use of by Colonel 
Roy, in his attempts to correct the errors of the baro¬ 
meter; which is described in the Philos. '1 rans. vol. 07, 
pa. 089- 

MANTELET, a kind of moveable parapet, or screen, 
of about 6 feet high, set upon trucks or little wheels, and 
guided by a long pole; so that-in a siege it may be driven 
before the pioneers, and serve as blinds, or screens, to 
shelter them from the enemy’s small shot. Mantelets are 
made of different materials, so as to render them musket 
proof; some consisting of strong boards nailed together, 
and covered with tin ; or of thick leather, or of layers ot 
rope, &c, firmly bound together. 

There are also other kinds of mantelets, covered on 
the top, used by the miners in approaching the walls or 
works of an enemy. The double mantelets form an angle, 
and stand square, making two fronts. It appears from 
Vegetius, that mantelets were in use among the ancients, 
under the name of Vine®. 

MAP, a plane figure representing the surface of the 
earth, or some part of it on a plane; bung a projection ot 
the globular surface of the earth, exhibiting countries, 
seas, rivers, mountains, cities, &c, in their due positions, 
or nearly so. 

Maps are either universal or partial./ 

Universal Maps are such as exhibit the whole surface 
of the earth, or the two hemispheres. 

Particular ^or Partial Maps, are those thul exhibit some 
particular region, or part of the earth. 

Both kinds are usually called geographical, or land- 
maps, as distinguished from hydrographical, or sea-maps, 
which represent only.the seas and sea coasts, und are pro¬ 
perly called Charts. 

Anaximander, the scholar of Thales, it is said, nbout 
400 years before Christ, first invented geographical tables, 
or maps The Pentingerian Tables, published by Corne¬ 
lius Pentinger of Augsburg, contain an itinerary of the 
whole Roman empire ; all places, except seas, woods, and 
deserts, being laid down according to their measured di¬ 
stances, but without any mention of latitude, longitude, or 
bearing. 

The maps published by Ptolemy of Alexandria, about 
the 144th year of Christ, have meridians and parallels, the 
better to define and determine the situation of places, and 
ore great improvements on the construction of the more 
ancient maps. Though Ptolemy himself owns that his 
maps were copied from some that were made by Marinus, 
Tirus, &c, with the addition of some improvements of his 
own. But from his time till about the 14th century, 
during which geography and most sciences were neglected, 
no new maps were published. Mercator was the first of 
tiny note among the moderns, and next to him Ortelius, 
who undertook to make a new set of maps, with the mo¬ 
dern divisions of countries and names of places; forwent 
of which, those of Ptolemy were become almost useless. 
After Mercator, many others published maps, but for the 
most part they were mere-copies of his. Towards the 
middle of the 17th century, Jlleau in Holland, and Sanson 
in France, published new sets of maps, with many im¬ 
provements from the travellers of those times, which were 
afterwards copied, with little variation, by the English, 
French, and Dutch: but tlie best of these were those of 
Vischcr and Dewitt. And Inter observations have fur¬ 
nished us with still more accurate and copious sets of 
maps, by Del isle, Robert, Wells, &c, &c. Concerning 
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maps, see Varenius’s Gcog. lib. 3, cap. 3, prop. 4; Four¬ 
nier's Hydrog. lib. 4, cap. 24; Wolfius’s Elem. Hydrog. 
cap. 9; John Newton’s Idea of Navigation; Mead’s Con¬ 
struction of Globes and Maps; Wright’s Construction of 
Maps, Sec, Sec. 

Construction of Maps. —Maps are constructed by ma¬ 
king a projection of the globe,either on the plane of some 
particular circle, or by the eye placed in some particular 
point, according to the rules of perspective, Sec ; of which 
there are several methods. 

First, to construct u Map of the World, or a general Map. 

, 1st Method. —A map of the world must represent two 
hemispheres ; and they must both be drawn upon the plane 
ot that circle which divides the two hemispheres. The 
first way is to project each hemisphere upon the plane of 
some particular circle, by the rules of orthographic pro¬ 
jection, lorming two hemispheres on one common base or 
circle. When the plane of projection is that of a meri¬ 
dian, the maps will be the east und west hemispheres, the 
other meridians will be ellipses, and the parallel circles 
will be right lines. On the plane of the equinoctial, the 
meridians will be right lines crossing in the centre, which 
will represent the pole, and the parallels of latitude will be 
circles having that common centre, and the maps will be 
the northern and southern hemispheres. The fault of this 
way of drawing maps, is, that near the outside the circles 
arc too near one another; and therefore equal spaces on 
the earth arc represented by very unequal spaces on the 
map. 

2d Method. —Another way is to project the same he¬ 
mispheres by the rules of stcreographic projection; in 
which way, all the parallels arc represented by circles, and 
the meridians by circles or right lines. And here the con¬ 
trary fault happens, viz, the circles towards the outsides 
arc too far asunder, and about the middle they arc too 
near together. 

3d Method. —To remedy the faults of the two former 
methods, proceed as follows. First, for the cast and west 
hemispheres, describe the circle fenq for the meridian 
(pi. 21, fig. 1 ) or plane of projection; through the centre 
of which draw the equinoctial eq, and axis pn perpendi¬ 
cular to it, making p and x the north and south pole. 
Divide the quadrants pp., ex, nq, and qp into 9 equal 
parts, each representing 10 degrees, beginning ut the equi¬ 
noctial eq: divide also cp and cx into 0 equal parts; be¬ 
ginning at eq ; and through the corresponding points draw 
the parallels of latitude. Again, divide ce and cq into 9 
equal parts; and through the points of division, and the 
two poles p and x, draw circles, or rather ellipses, for the 
meridians. So shall the map be prepared to receive the 
several places and countries of the earth. 

Secondly, For the north or south hemisphere, draw 
a qb e, lor the equinoctial (fig. 2), dividing it into the four 
quadrants ea, aq, qb, and be; and each quadrant into 
9 equal parts, representing each 10 degrees of longitude: 
and then, from the points of division, draw lines°to the 
centre c, for the circles of longitude. Divide any circle 
of longitude, as the first meridian ec, into 9 equal parts 
and through these points describe circles from the centre 

c, for the parallels of latitude, numbering them as in the 
figure. 

In this 3d method, cquaUpaccs on the earth are repre¬ 
sented by equal spaces on the map, as near os any projec¬ 
tion will bear; for a spherical surface can no way be re¬ 
presented exactly on a plane. Then the scverdl countries 


of the world, seas, islands, sea-coasts, towns, Ac. are t<- 
be entered in the map, according to their latitudes and 
longitudes. 

In filling up the map, all places representing land are 
filled with such things as the countries contain; but the 
seas are left blank ; the shores adjoining to the sea bein" 
shaded. Rivers are marked by strong lines, or by double 
lines, drawn winding in form of the rivers they represent; 
and small rivers are expressed by small lines. Different 
countries are best distinguished by different colours, or at 
least the borders of them. Forests are represented by 
trees; and mountains shaded to make them appear as such. 
Sands are denoted by small points or specks; and rocks 
under water by a small cross. In any void space, draw the 
mariner's compass, with the 32 points or winds. 

11. To draw a Map of any particular Country. - 
1st Method. —For this purpose its extent must be 
known, as to latitude and longitude; as suppose Spain, 
lying between the north latitudes 36‘ and 44, and extend¬ 
ing from 10 to 23 degrees of longitude; so that its extent 
from north to south is 8 degrees, and from east to west 13 
degrees. 

Draw the line ab for a meridian passing through the 
middle of the country (fig. 3), on which set off 8 degrees 
from b to a, taken from any convenient scale; a being 
the north, and b the south point. Through a and u 
draw the perpendiculars CD, £f, for the extreme pa¬ 
rallels of latitude. Divide a B into 8 parts, or degrees, 
through which draw the other parallels of latitude, parallel 
to the former. 

For the meridians; divide any degree in ab into 60 
equal parts, or geographical miles. Then, because the 
length of a degree in each parallel decreases towards the 
pole, from the table showing this decrease, under the ar¬ 
ticle Degree, take the number of miles answering to the 
latitude of b, which is 48{- nearly, and set it from b, 7 
times to e, and 6 times to f ; so is ef dividcfl into degrees. 
Again, from the same table take the number of miles 
of a degree in the latitude a, viz 43£ nearly; which set 
off, from a, 7 times to c, and 6 times to d. Then from 
the points of division in the line CD, to the corresponding 
points in the line ef, draw so many right lines, for the 
meridians. Number the degrees of latitude up both sides 
of the map, and the degrees of longitude on the top and 
bottom. Also, in some vacant place make a scale of miles; 
or of degrees, if the map represent a large part of the 
earth ; to serve for finding the distances of places from each 
other. 

Then make the proper divisions and subdivisions of the 
country: and knowing the latitudes and longitudes of the 
principal places, it will be easy to set them down in the 
map; for, any town, &c, must be placed where the circles 
of its latitude and longitude intersect. For instance, 
Gibraltar, whose latitude is 36° 11', and longitude 
12° 27”. will be ut G: and Madrid, whose lat. is 40° 10', 
and long. 14° 44', will be at m. In like manner the 
mouth of a river must be set down; but to describe the 
whole river, the latitude and longitude of every turning 
must be marked down, and the towns and bridges by 
which it passes. And so for woods, forests, mountains, 
lakes, castles, &c. The boundaries will be described, by 
setting down the remarkable places on the sea-coast, and 
drawing a continued line through them all: which method 
is very proper for small countries. 

2d Method. —Maps of particular places arc but portions 
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ot the globe, and therefore may be drawn after the same 
manner as the whole is drawn: that is, such a map may 
be drawn either by the orthographic or stereographic pro¬ 
jection of the sphere, as in the last prob. But in partial 
maps, an easier way is as follows. Having drawn the 
meridian ab (fig. 3), and divided it into equal parts as in 
the last method, through all the points of division draw 
lines perpendicular to ad, for the parallels of latitude; 
rn, p .v being the extreme parallels. Then to divide these, 
set oil the degrees in each parallel, diminished alter the 
manner directed for the two extreme parallels ci>, EF, in 
the last method : and through all the corresponding points 
draw the meridians, which will be curve lines; which were 
right lilies in the last method; because only the extreme 
parallels were divided by the table. This method is pro¬ 
per for a large tract, as Europe, &c : in which case the pa¬ 
rallels and meridians need only be drawn to every 5 or 10 
degrees: and it is also much used in drawing maps; as all 
the parts are nearly of their due magnitude, but a little 
distorted towards the outside, from the oblique intersec¬ 
tions of the meridians and parallels. 

3d Method .—Draw rn of a convenient length, for a me¬ 
ridian ; divide it into 9 equal parts, and through the points 
of division, describe as many circles for the parallels of 
latitude, from the centre r, which represents the pole. 
Suppose ab (fig. 4) the height of the map; then CD will 
he the parallel passing through the greatest latitude, and 
EF will represent the equator. Divide the equator f.p 
into equal parts, of the same dimension as those in ab, 
both ways, beginning at n. Divide also all the parallels 
into the same number of equal parts, but lessor, in propor¬ 
tion to the numbers for the several lutitudes, as directed in 
the last method for the rectilineal parallels. Then through 
all the corresponding divisions, draw curve lines, to re¬ 
present the meridians, the extreme ones being EC and fd. 
Lastly, number the degrees of latitude and longitude, and 
place a scale of equal parts, either of miles or degrees, for 
measuring distances.—This is a very good way of drawing 
large maps, and is called the globular projection ; all the 
parts of the earth being represented nearly of their due mag¬ 
nitude, excepting that they are a little distorted towards 
the outsides. 

When the place which the map is to represent, is but 
fimall, as if a county was to be exhibited; the meridians, 
ns to sense, will be parallel to one another, and the whole 
will differ very little from a plane. Such a map will be 
made more easily than by the preceding rules. It will 
here be sufficient to measure the distances of places in 
miles, and so lay them down in a plane rectangular map. 
But this belongs more properly to surveying. 

The Use of Maps is obvious from their construction. 
The degrees of the meridians and parallels show the lati¬ 
tudes and longitudes of places, .and the scale of miles an¬ 
nexed, their distances; the situation of places, with regard 
to each other, as well as to the cardinal points, appears 
by inspection; the top of the map being always the north, 
the bottom the south, the right hand the oast, and the left 
hand the west; unless the compass, usually annexed, show 
the contrary. 

MARALDI (James Philip), a learned astronomer 
and mathematician, was born in 1665, at Pcrinaldo in 
the county of Nice, a place already honoured by the birth 
of his maternal uncle the celebrated Cassini. Having 
made a considerable progress in mathematics, at the age 
of 22, his uncle who had been a long time settled in 


France, invited him there, that he might himself cultivate 
the promising genius of his nephew. ISlaraldi no sooner 
applied himself to the contemplation of the heavens, than 
he conceived the design of forming a catalogue of the 
fixed stars, the foundation of all the astronomical edifice. 
In consequence of this design, he applied himself to ob¬ 
serve them with the most constant attention ; and he be¬ 
came by this means so intimate with them, that on being 
shown any one of them, however small, he could imme ¬ 
diately tell what constellation it belonged to, and its place 
in that constellation. lie has been known to discover 
those small comets, which astronomers often take for the 
stars of the constellation in which they are seen, for want 
of knowing precisely what stars the constellation consists 
of, when others, on the spot, and with eyes directed 
equally to the same part of the heavens, could not lor a 
long time see any thing of them. 

In 1700 he was employed under Cassini in prolonging 
the French meridian to the northern extremity of France, 
and had no small share in completing it. He then set 
out for Italy, where Clement the 11th invited him to as¬ 
sist at the assemblies of the Congregation then sitting in 
Rome to reform the calendar. Bianchini also availed 
himself of his assistance to construct the great mcridiarro! 
the Carthusian church in that city. And in 1718 Ma- 
ruldi, with three other academicians, prolonged the French 
meridian to the southern extremity of that country. He 
was admitted a member of the Academy of Sciences of 
Paris in 1699, in the department of astronomy, and com¬ 
municated to it a great multitude of papers, which are 
printed in their Memoirs, in almost every year from 1699 
to 1729, and usually several pnpers in each of the years; 
for lie was indefutigable in his observations of every thing 
that was curious and useful in the motions and pheno¬ 
mena of the heavenly bodies. As to the catalogue of the 
fixed stars, it was not quite completed by him: for just as 
he hod placed a mural quadrant on the terrace of the ob¬ 
servatory, to observe some stars towards the north and the 
zenith, he fell sick, and died the 1st of December 1729* 

MARCH, Martiiu , the 3d month of the year, ac¬ 
cording to the common way of computing, and consists 
of 31 days. The sun enters the sign Aries about the 20th 
or 21st day of this month.—Among the Romans, March 
was the first month; and in some ecclesiastical computa¬ 
tions, that order is still preserved. In England, before 
the alteration of the stile, March was the 1st month in 
order, the year always commencing with the 25th day of 
the month. It has been said that it was Romulus who 
first divided the year into months; to the first of which 
he gave the name of his supposed father Mars. It is ob¬ 
served by Ovid,, however, that the people of Italy had the 
month of March before the time of Romulus; but that 
they placed it differently; some making it the third,some 
the 4lh, some the 5th, and others the 10th month of the* 
year. 

MARINE Barometer, Sco Barometer. 

MARINERS-Compass. See Compass. 

MARINUS. See Proclus. * 

MARIOTTE (Edme), nn eminent French philosopher 
and mathematician, was born at Dijon, and admitted a 
member of the Academy of Sciences of Paris in 1666.. 
His works however arc better known than his lffe. He 
was a good mathematician, and the first French philoso¬ 
pher who applied much to experimental physics. The 
law of the shock or collision of bodies, the theory of the* 
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pressure and motion of fluids, the nature of vision, and of 
the air, particularly engaged his attention. He carried 
into his philosophical researches, that spirit of scrutiny 
and investigation so necessary to those who would make 
any considerable progress in improvement. Me died in 
1684.—He communicated a number of curious and va¬ 
luable papers to the Academy of Sciences, which were 
printed in the collection of their Memoirs dated 1666 , viz, 
from volume 1 to volume 10. And all his works were 
collected into 2 volumes in 4to, and printed at Leyden 
in 1717- 

MARS, one of the ancient seven primary planets, and 
the first of the superior ones, being placed immediately 
next abo\e the earth. It is usually denoted by this cha¬ 
racter 3 , being a mark rudely formed from a man hold¬ 
ing a spear protruded, representing the god of war of the 
same name. 

The mean distance of Mars from the sun, is 1524 of 
those parts, of which the distance of the earth from the 
sun is 1000; his cxcentricity 142; and his real distance 
145 millions ofjniles. The inclination of his orbit to the 
plane of the ecliptic, is 1° 52'; the length of his year, or 
the period of one revolution about the sun, is 6'S64£ of 
our days, or 667£ of his own days, which are 40 minutes 
longer than ours, the rcvolution^on his axis being per¬ 
formed in 24 hours 40 minutes. His mean diameter is 
4444 miles; and the same seen from the sun is Pi": the 
inclination of the axis to his orbit 0° O'; place of the 
aphelion nR 2° 24'; place* of his ascending node 17^ 3 ; ; 
and his parallax, according to Dr; Hooke and Mr. Flam¬ 
steed, is scarce 30 seconds. 

Dr. Hooke, in 1665, observed several spots in Mars; 
which having a motion, he concluded tlie planet turned 
round its centre. In 1 666 , M. Cassini observed several 
spots in the two fa^es or hemispheres of Mars, which he 
found made one revolution in 24 hours 40 minutes. These 
observations were repeated in i6 % 70, and confirmed by 
Maraldi in 1704and 1719- whence both the motion and 
period, or natural day, of that planet, were determined. 

In the Philos. Trans, lor 17til 9 Dr. Herschel gave a 
scries of observations on the rotation of this planet about 
its axis, from which he concluded that one mean sidereal 
rotation was between 24 h. 39 m. 5 sec. and 24 h. 39 m. 
22 sec.; and in the Philos. 'Frans, for 1784, is given a 
paper by the same gentleman, on the remarkable appear¬ 
ances at tin? polar regions of the planet Mars, the inclina¬ 
tion of its axis, the position of its poles, and its spheroidi¬ 
cal figure; with a few hints relating to its real diameter 
and atmosphere, deduced from his observations taken from 
the year 1777 to 1783 inclusively. He also observed se¬ 
veral remarkable bright spots near both poles, which bad 
a small motion; and the results of his observations are as 
follow; viz, 

Inclination of axis to the ecliptic, 59° 22 f . 

The node of the axis is in X 17° 4?'. 

Obliquity of the planet's ecliptic 28° 42 f . 

1 he point Aries on Mars's ecliptic answers to our £ 
1 . 9 ° 28'.— I lie figure of Mars is that of an oblate sphe¬ 
roid, whose equatorial diameter is to the polar one, as 
1355 to 1272, or as 16 to 15 nearly.—The equatorial 
diameter of. Mars, reduced to the mean distance of the 
earth from the sun, is 9 " 8 "'.—And the planet has a con¬ 
siderable, but moderate atmosphere, so that its inhabitant 
probably enjoy a situation in many respects similar to 
ours."—Mars always appears with a ruddy troubled light; 
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owing, it is supposed, to the nature of his atmosphere, 
through which the light passes.— In the acronical risin 
of this planet, or when in opposition to the sun, it is 
times nearer to us than when in conjunction with him; 
and therefore appears much larger and brighter than at 
other times.—Mars, having his light from the sun, and re¬ 
volving round it, has an increase and decrease like the 
moon: it may also be observed almost bisected, when in 
the quadratures, or in perigseon; but is never seen corni- 
cular, as the inferior planets. 

MARTIN (Benjamin), was born in 1/04, and be¬ 
came one of the most celebrated mathematicians and op¬ 
ticians of his time. He first taught a school in the coun¬ 
try ; but afterwards came up to London, where lie read 
lectures on experimental philosophy for many years, and 
carried on a very extensive trade as an optician and globe- 
maker in Meet-street, till the growing infirmities of old 
age compelled him to withdraw from the active part of 
business. Trusting too fatally to what he thought the in- 
tegrity of others, he unfortunately, though with a capital 
more than sufficient to pay all his debts, became a bank¬ 
rupt. The unhappy old man, in a moment of desperation 
from this unexpected stroke, attempted to destroy him* 
sell; and the wound, though not immediately mortal, 
hastened his death, which happened the 9 tli of February 
1/82, at 78 years of age. 

Mr M. had a valuable collection of fossils and curio¬ 
sities of almost every species; which after his death were 
almost given away by public auction. He was indefati¬ 
gable as an artist, and as a writer he had a very happy 
method of explaining his subject, and wrote with clear¬ 
ness, and even considerable elegance. He was chiefly 
eminent in the science of optics; but lie was well skilled 
in the whole circle of the mathematical and philosophical 
sciences, and wrote useful books on every one of them ; 
though he was not distinguished by any remarkable in¬ 
ventions or discoveries of his own. His publications 
were very numerous, and generally useful: some of the 
principal of them were as follow: 

The Philosophical Grammar; being a View of the pre¬ 
sent State of Experimental Physiology, or Natural Pliilo- 
sophy, 1735, 8 vo.—A new, complete, and universal Sys¬ 
tem or Body of Decimal Arithmetic, 1735. 8 vo.—*1 he 
Young Student’s Memorial Book, or Pocket Library, 
1735, Svo.— Description and Use of both the Globes, the 
Armillary Sphere and Orrery, Trigonometry, 1736, 2 
vols. 8 vo.—System of the Newtonian Philosophy, 1759, 

3 vols.—New Elements of Optics, 1739—Mathematical 
Institutions, 1764, 2 vols.—Philologic and Philosophical 
Geography, 1759—Lives of Philosophers, their Inven¬ 
tions, &c. 1764.—Young Gentleman and Lady’s Philoso¬ 
phy, 1764, 3 vols.—-Miscellaneous Correspondence, 1/64, 

4 vols. — Institutions of Astronomical Calculations, 3 
parts, 1765.—Introduction to the Newtonian Philosophy, 
1765.—Treatise of Logarithms.—Treatise on Navigation. 
Description and Use of the Air-pump.—Description of 
the Torricellian Barometer.—Appendix to the Use of the 
Globes.—Philosophia Britnmiica, 3 vols.—Principles of - 
Pump-work.'—Theory of the Hydrometer.— Description 
and Use of a Case of Mathematical Instruments.*—Ditto 
of a Universal Sliding Rule.—Micrographia, on the Mi¬ 
croscope.—Principles of Perspective.—Course of Lec¬ 
tures.—Optical Essays.—Essay on Electricity.—Essay on 
Visual Glasses or Spectacles.—Horologia Nova, or Now 
Art of Dialling.—'I iieory of Comets,—Nature and Cour 
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struction of Solar Eclipses.—Venus in the Sun. Hie 
Mariner’s Mirror.—Thcrmoinetrum Magnum—Survey of 
the Solar System.—Essay on Island Chrystal.—Login ilh- 
mologia Nova, \c. &c. 

MASK ELYNE (Nevil), i»- n. f. r. s. Astronomer 
Roval, &c, was born in London, on tbc bib ol October 
J 7 ;j ’, of an ancient family, which had been long establish¬ 
ed in the west of England. At ») years of age he was 
placed at Westminster school, where his diligence speedily 
distinguished him. lie acquired an early taste for astro¬ 
nomy and optics; but it was the solar eclipse of 174S 
which decided his vocation. Perceiving how necessary 
the mathematics were, in the course he proposed to take, 
he determined on the study of them, and acquired in a 
few months the elements of geometry and algebra. 'I bis 
first success was the earnest of what he could not avoid 
obtaining, by reading the chief works on astronomy and 
the higher analysis, which he habitually studied. About 
this time lie went toCambridgc, and entered in Catharilic- 
hall, but afterwards in Trinity-college, where he received, 
with applause, the degree of bachelor of arts. 

In 1735, lie accepted ol a curacy in the vicinity of 
London, where he resided some years, employing his lei¬ 
sure time in his favourite study. This situation also faci¬ 
litated Ins acquaintance with the then astroiiomcr-royol 
Bradley, for whom it appears that he made sonic calcu¬ 
lations of importance. In 1758, he became fellow of Tri¬ 
nity-college, Cambridge, and the next year a fellow of the 
Itoyal Society. 

But it was in the year 17 <» 1 that his real astronomical 
career began, when he was chosen to go to the island of 
St. Helena, to observe the transit of Venus over the sun's 
disk, and the parallax of the slur Sirius, which had often 
been observed by I^acaillc at the Cape of Good Hope. 
From calculating these observations, Dr. M. thought he 
saw proofs lor the existence of u parallax of 4"$. 

Clouds prevented the observation of the transit of Ve¬ 
nus, the first object of the voyngc. But being furnished 
with an excellent pendulum clock of Shelton’s, which 
had been regulated at Greenwich by I)r. Bradley, he de¬ 
termined the number of oscillations which it made less at 
St. Helena than at London, in order thence to deduce the 
diminution of gruvity. 

The secondary object of the voyage, the parallax of Si¬ 
rius also failed, through the fault of the suspension of the 
plumb line, by a loop from the neck of a central pin; 
which had likewise been the fuult of Lacaillc's instru¬ 
ment. This disappointment gave occasion to an improve¬ 
ment in the construction of these astronomical instru¬ 
ments. Several other observations however in part in¬ 
demnified I)r. M. for those disappointments; such as the 
observation of the tides at St. Helena, the variation of the 
compass, and tlic moon’s horary parullaxcs, &c. Also, 
in going out and returning home, he practised the method 
of finding the longitude by the lunar distances taken with 
a Hadley’s quadrant, making out rules for the use of the 
seamen, and taught the method to the officers on board 
the ship. The same lie afterwards explained in a letter to 
Dr. Birch, the secretary to the Royal Society, which was 
inserted in the Fhilos. Trans, vol. 52, for the year 1762; 
and still more fully in the British Mariner’s Guide, which 
he published soon after his return from St. Ilclcnu, and 
which contained, among various new and practical ar¬ 
ticles in nautical astronomy, rules and examples for work¬ 
ing the lunur observations. 
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In 1763, Dr. Maskelync went to the island of Barba¬ 
dos, to settle the longitude of the place, and compare 
Mr. Harrison's watch w ith the time there, when he should 
arrive at the island with it. In this voyage also. Dr. M. 
tried observations on board of ship with Irwin’s marine 
chair, which was found not to answer the purpose. Dr. 
M. made also several other astronomical observations, and 
among the rest, many relating to the moon's horary pa¬ 
rallaxes. Sec Astronomical Observations at St. Helena 
and Barbadocs, in the I’hiios. Trans, vol. 54. Dr. M. re¬ 
turned from Barbadoes in the autumn of 1764, and made 
the report on Mr. H’s watch, which, though favourable 
in general to the celebrated artist, was far from satisfying 
Mr. II. who attacked him in a pamphlet, to which Dr. M. 
wrote a reply. 

in 1765, Dr. M. succeeded Mr. Bliss, as astronomer- 
royal at Greenwich Observatory, where for 47 years he 
diligently watched the heavens, and rendered innumerable 
benefits to the nation, as well as to individuals, in all the 
arts and sciences connected with astronomy and naviga¬ 
tion. Immediately on his appointment to that office, he 
recommended the lunar method of finding the longitude 
to the Board of Longitude, and proposed to them to cause 
a nautical almanac to be calculated, and published, to 
facilitate the method ; which they agreed to ; the first of 
which was published for 1767, and which was continued 
under his direction, with the greatest credit, through 48 
successive years. He also published a useful collection 
of tables requisite to be used with the nautical almanacs; 
ns well as edited or encouraged the publication of other 
works, of like accessory usefulness; as, Taylor's Loga¬ 
rithms, the improved lunar tables of Mayer, and Mason, 
&c, &c. He procured also, nt the expense of the Royal 
Society, the regular publication of all his own astronomi¬ 
cal observations, made at the Observatory, forming a vast 
body of valuable matter, in 4 large folio volumes. 

Dr. M. thu6 continued indefatigable in making obser¬ 
vations for 47 years, hardly ever quilting the Observatory, 
except once a-wcck, in attending the meetings of the 
Royal Society one part of the year. In 1769, he remain¬ 
ed in it to observe the transit of Venus, and he drew up 
instructions for the astronomers sent out by Great Britain 
to different countries. He collected their observations, 

' and deduced from them- tbc sun’s parallax, and his di¬ 
stance from the earth. At his observatory, he made many 
of the most interesting and most difficult observations 
himself, as those of the moon ; but necessarily confided to 
his assistant, those which were less esseritiul and more 
easy. He followed closely the methods established by his 
celebrated predecessor Bradley, whom he even surpassed 
in the exactness of his daily observations, lie brought 
to perfection Flamsteed’s method of determining, nt once, 
the right ascensions of stars and of the sun. He gave a 
catalogue of stars, not numerous indeed, but determined 
with particular care, which has served almost solely, du¬ 
ring these thirty years, for the foundation of all astrono¬ 
mical researches. 

Dr. M. did not publish much himself, being otherwise 
more usefully employed on his observations : but he was 
the cause and promoter of many publications by others. 
He corresponded with almost all the astronomers and 
philosophers in the world; and he was the medium of 
many of their communications to the Royal Society. The 
writings he produced, arc remarkable for just ideas and 
an enlightened criticism. Such is a Dissertation on the 
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Equation of l ime, where he has delicately noticed a mis¬ 
take of Lacaille, and another less important mistake of 
Lalande. Some doubts having been raised, respecting 
the difference in latitude and longitude between the obser¬ 
vatories of Greenwich and Paris, Dr. M., to whom the 
observations were sent, showed, with his usual modera¬ 
tion, that tin* doubts were improper; but he did not op¬ 
pose the methods proposed to obviate them. 

It was owing to the exertions of Dr. M., that a very sa¬ 
tisfactory experiment was made to ascertain the general 
attraction of matter, and the medium density of all the 
matter in the earth. By a memoir presented to the Royal 
Society, he recommended it to that body, to try the expe¬ 
riment on the attraction of some hill in the British domi¬ 
nions. A convenient one having been found, viz, the 
Mountain Schihallien in Scotland, at the request of the 
Society, Dr. M. himself repaired to the place, and super¬ 
intended the necessary measurements and observations, 
with his usual attention and correctness. His survey fur¬ 
nished the just plan and numerous sections of the hill, 
and his zenith sector showed 5"'8 lor the mean deviation 
of the plumb-line by the attraction. From these materials 
it was, that the laborious calculations of Dr. Mutton 
showed, for the first time, that the mean density of the 
whole earth was about 5 times the density of water, a de¬ 
termination most likely very near the truth. 

Dr. M. was particularly attentive to the care « f his in¬ 
struments, and. made many improvements in them, and 
the modes ol employing them. Me greatly improved the 
suspension of tin* plumb-line of the zenith sectors. Me 
contrived a micrometer composed of a prism, which 
moves according to the axis of the telescope, lie made 
the eye-piece moveable, in order to avoid all parallax in 
bringing the eye opposite to each of the five wires, which 
the star passes in succession. lie discovered also the in¬ 
convenience ot narrow openings,used in all observatories: 
he enlarged the size of those at Greenwich, after having 
shown the necessity of placing the telescopes as much as 
possible in the open air: besides many more optical ami 
mechanical improvements. 

Dr. M. had good church preferment from his college ; 
and his paternal estates, of w hich he was the'last male 
heir, were also considerable. Having experienced a gra¬ 
dual decline of his health for some months, he at length 
expired on thepth of Februay 1811, in the 79th year of his 
age; leaving a widow and daughter, as also his sister, the 
relict of Robert, late Lord Clive. 

The principal works which Dr. M. left, besides his 
4 vols. in lolio of observations, the memoirs before no¬ 
ticed, and the first 48 volumes of the Nautical Almanac, 
calculated under his direction, and revised by him, are, 
his British Mariner's Guide; the 'Fables requisite for the 
Usa^cof the Nautical Almanac; Dissertations on Nauti¬ 
cal Astronomy and thd Use of the Octant; with at least 
30 learned memoirs presented to the Royal Society, ahd 
printed in the Philos. Transactions, between the years 
1762 and 1794; and finally, his posthumous works, of 
the contents of which wc are as yet ignorant, but w hich 
astronpiners will be very anxious to receive from the 
hands of Professor Vince, to whose care it seems they 
have been left. Indeed it would be well becoming the 
respect of his relict, to cause a collected and uniform edi¬ 
tion of all his works to be made, for the honour of his 

memory and the greater convenience of the scientific 
" public. 


1 bus we have described the philosopher: but th^ man, 
the lather, the friend, was not less valuable. Every as¬ 
tronomer, every philosopher, found in him a brother. Of 
a character friendly and amiable, he gained the affections 
of all those who had the ^ood fortune to know him, and 
his death was honoured with their regret. 

MASS.—The quantity of matter in any body. This is 
rightly estimated by its weight; whatever be its figure. <>1 
whether its bulk or magnitude be large or small. 

MA FI RIAL, relating to Matter. 

MA’I HEMATIC A L, relating to Mathematics. 

Math km atical Sect , is one of the two leading philo¬ 
sophical sects, which arose about the beginning of the 17 th 
century; the other being the metaphysical sect. The 
former directed its researches by the principles of Gas¬ 
sendi, and sought after truth by observation and experi¬ 
ence. I he disciples of this sect denied tin* possibility of 
erecting on the basis of metaphysical and abstract truths, 
a regular ami solid system ol philosophy, without the aid 
ol assiduous observation and repeated experiments, which 
are the most natural and effectual means of philosophical 
progress and improvement. The advancement and repu¬ 
tation of this sect, and of natural knowledge in general, 
were much owing to the plan of philosophizing proposed 
by Lord Bacon, to the establishment of the Royal Society 
in London, to the genius and industry of Mr.Boyle, and 
to the unparalleled researches and discoveries of Sir Isaac 
Newton. Barrow, Wallis, I>ocke, and many other great 
luminaries in learning also adorned ibis sect. 

MATHEMATICS, the science of quantity; or a sci¬ 
ence that considers magnitudes either as computable or 
measurable. 'Flic word in its original, /xaSij^ir, mathesis , 
signifies Discipline or bcicnce in general; and, it seems, 
has been applied to the doctrine of quantity, either by 
way of eminence, or because, this being the first of all 
other sciences, the rest took their common name from it. 
As to the origin of the mathematics, Josephus dates it be¬ 
fore the flood, and makes the sons of Seth observers of the 
course and order of the heavenly bodies : he adds, that to 
perpetuate their discoveries, and secure them from the in¬ 
juries cither of a deluge or a conflagration, they had them 
engraven on two pillars, the one of stone, the other of brick; 
the former of which, lie says, was yet standing in Syria in 
his time. 

Indeed it is pretty generally agreed that the first culti¬ 
vators of mathematics, alter the flood, were the Assyrians 
and Chaldeans; from whom, Josephus adds, the science 
was carried by Abraham to the Egyptians; who became 
so celebrated for their knowledge, that Aristotle* even 
fixes the first rise of mathematics among them. From 
Egypt, 584 years before Christ, mathematics passed into 
Greece, being carried thither by '1 hales; who having 
learned geometry of the Egyptian priests, taught it in his 
own country. After Thales, came Pythagoras; who, 
among other mathematical arts, paid a particular regard 
to arithmetic; drawing the greatest part of his philosophy 
from numbers. He was the first, according to Laertius, 
who abstracted geometry from matter; and to him we owe 
the doctrine of incommensurable magnitude, and the five 
regular bodies, besides the first principles of music and 
astronomy. To Pythagoras succeeded Anaxagoras, Oc- 
nopides, Briso, Antipho, and Hippocrates of Scio ; nil of 
whom particularly applied themselves to the quadrature 
of the circle, the duplication of the cube, 6cc; but the 
efforts of the latter were the most successful: lie is also 
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mentioned In Pioclus, as ihe fn*>t who compiled elements 
01 muiliemiatics. 

Democritus excelled in mathematics as well as physics; 
though none of his works in either kind are extant ; the 
destruction of which is by some authors ascribed to 
Aristotle. The next in order is Plato, who not only im¬ 
proved geometry, but introduced it into physics, and so 
laid the foundation of a solid philosophy. From his 
school arose a number of mathematicians. Proclus men¬ 
tions 13 ot note; among whom was Leodamus, who im¬ 
prov'd the analysis first invented by Plato; Thnetetus, 
who wrote Elements; and Archytas, who has the credit of 
being the first that applied mathematics to the useful pur¬ 
poses of life. These were succeeded by Ncodes and 
Thcon, the last of whom contributed to the elements. 
Eudoxus excelled in arithmetic and geometry, and was 
the first founder of a system of astronomy. Mcncchmus 
invented the conic sections, and Thcudius and Hcrmotimus 
improved the elements. 

For Aristotle, his works arc so stored with mathema¬ 
tics, that IMuncanns compiled out of them an entire book 
on mathematics. Kudcmtis and Theophrastus were of 
this school ; the first of whom wrote upon numbers, geo¬ 
metry, and invisible lines; and the latter composed a ma¬ 
thematical history. To Aristeus, Isidorus, and Hyp- 
sichs, we owe the books of Solids ; which, with the other 
books of Elements, were improved, collected, and me¬ 
thodised by Euclid, who died 284 years before the birth 
of Christ. 

A hundred years after Euclid, Eratosthenes and Ar¬ 
chimedes became celebrated for their extensive know- 
ledgc, particularly the latter, who was contemporary with 
Conon, a geometrician and astronomer. Soon after which 
flourished Apollonius Pergaeus, whose excellent treatise on 
cotiics is still extant. To him arc also ascribed the 14th 
and 15th books of Euclid, and which, it is said, were con¬ 
tracted by Mypsiclcs. Hipparchus and Mcnclaus wrote 
on the subtenses of the arcs in a circle; and the latter also 
on spherical triangles. Theodosius’s 3 books of Spherics 
are still extanh All these authors, Mcnelaus excepted, 
lived before Christ. 

Ptolemy of Alexandria, a celebrated geometrician, and 
the prince of astronomers, was born about 70 years after 
Christ. To him succeeded the philosopher Plutarch, 
some of whose mathematical problems arc still extant. 
After him, in the order of time, was Eutocius, who com¬ 
mented on Archimedes, and occasionally mentions the in¬ 
ventions of Philo, Diodes, Nicomcdcs, Sporus, and Heron, 
on the duplication of the cube. To Ctcscbes of Alexandria 
wc arc indebted for pumps ; and Geininus, who lived soon 
after, is preferred by Proclus to Euclid himself. 

Diophantus of Alexandria was a great master of num¬ 
bers, and the first Greek writer on algebra that we know 
of. Among others of the ancients, Nicomachus is cele¬ 
brated for his arithmetical, geometrical, and musical 
works: Screpus, for his books on the section of the cylin¬ 
der: Proclus, for bis commentaries on Euclid; and 
Tlicon, who has been said to be the author of the books of 
Elements ascribed to Euclid. The last to be named among 
the ancients, is Pappus of Alexandria, who, flourished 
about the year of Christ 400, and is justly celebrated for 
his books of Mathematical Collections, still extant. 

Mathematics arc commonly distinguished into specula¬ 
tive.and practical, pure and mixed. 


Speculative Mathematics, is that which barely con¬ 
templates the properties of tilings: and 

Practical Mathematics, that which applies the know¬ 
ledge of those properties to some useful purposes. 

Pure Mathematics is that branch which considers 
quantity abstractedly, and without any relation to matter 
or bodies. 

Mixed Mathematics considers quantity as subsisting 
in material beings; for instance, length in a pole, depth in 
a river, height in a tower, &c. 

l'ure Mathematics, again, either considers quantity as 
discrete, and so computable, as arithmetic ; or as concrete, 
and so measurable, as geometry. 

Mixed Mathematics are very extensive, and arc distin¬ 
guished by various names, according to the different sub¬ 
jects it considers, and the different views in which it is 
taken ; such as astronomy, geography, optics, hydrostatics, 
navigation, See, &c. 

Pure mathematics has one peculiar advantage, that it 
occasions no contests among wrangling disputants, as is 
the case in other brunches of knowledge: and the reason 
is, because the definitions of the terms urc premised, and 
every person that reads a proposition has the same idea of 
every part of it. Hence it is easy to put an end to all ma¬ 
thematical controversies, by showing, cither that our ad¬ 
versary is not constant with his definitions, or has not esta¬ 
blished the true premises, or that he has drawn false con— 
elusions from true principles ; and in case wc are not able 
to do either of these, wc must acknowledge the truth of 
w hat he has proved. It is true, that in mixed mathematics, 
where wc reason mathematically upon physical subjects, 
such just definitions cannot be given as in geometry ; wc 
must therefore be content with descriptions; which will bo 
of the same use as definitions, provided wc be consistent 
with ourselves, and always mean the same thing by those 
terms wc have once explained. 

Dr. Bartow gives a very elegant description of the ex¬ 
cellence and usefulness of mathematical knowledge, in his 
inaugural oration, on being appointed professor of mathe¬ 
matics at Cambridge. The mathematics, he observes, 
effectually exercise, not vainly delude, nor vexatiously 
torment studious minds with obscure subtleties, but plainly 
demonstrate every thing within their reach, draw certain 
conclusions, instruct by profitable rules, and unfold plen- 
sant questions. These disciplines likewise enure and cor¬ 
roborate the mind to a Constant diligence in study ; they 
wholly deliver us from a credulous simplicity, most 
strongly fortify us against the vanity of scepticism, effec¬ 
tually restrain us from a rash presumption, most easily in¬ 
cline us to a due assent, and perfectly subject us to the 
government of right reason. While the mind is abs¬ 
tracted and elevated from sensible matter, distinctly views 
pure forms, conceives the beauty of idcRS, and investi¬ 
gates the harmony of proportions; the manners themselves 
arc sensibly corrected and improved, the affections com¬ 
posed and rectified, the fancy calmed and settled, and the 
understanding raised and excited to more divine contem¬ 
plations. 

For the history of mathematics, consult Wallis, Montu- 
cla, Ktestncr, Bossut, Bailey, &c, and the names of its se¬ 
veral branches in this Dictionary. 

MATTER, an extended substance. Other properties 
of matter arc, that it resists, is solid, divisible, moveable, 
passive, &c : and it forms the principles of which all bo- 
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dies are composed. Matter and form, the two simple and 
original principles of all things, according to the an¬ 
cients, composing some simple natures, which they called 
Elements; from the various combinations of which all na¬ 
tural things were afterwards composed. 

Dr. Woodward was of opinion, that matter is originally 
and really various, being at its first creation divided into 
several ranks, sets, or kinds of corpuscles, differing in sub¬ 
stance, gravity, hardness, flexibility, figure, size, &c; and 
from the various compositions and combinations of which, 
he thinks, arise all the varieties in bodies as to colour, hard¬ 
ness, gravity, tastes, &c. But it is Sir Isaac Newton’s opi¬ 
nion, that all those differences result from the various ar¬ 
rangements of the same matter; which he accounts homo¬ 
geneous and uniform in all bodies. 

The quantity of matter in any body, is its measure 
arising from the joint consideration of the magnitude and 
density of the body : as, if one body be twice as dense as 
another, and also occupy twice the space, then will it 
contain 4 times the matter of the other. This quantity of 
matter is best discovered by the weight or gravity of the 
body, to which it is always proportional. 

Newton observes, that “ it seems probable, God, in the 
beginning, formed matter in solid, massy, hard, im¬ 
penetrable, moveable particles, of such sizes, figures, and 
with such other properties, and in such proportion to 
space, as most conduced to the end for which he formed 
them ; and that those primitive particles, being solid, are 
incomparably harder than any porous bodies compounded 
of them; even so very hard, as never to wear, and break in 
pieces: no ordinary power being able to divide what God 
himself made one in the first creation. While the par¬ 
ticles continue entire, they may compose bodies of one 
and the same nature and texture in all ages; but should 
they wear away, or break in pieces, the nature of things 
depending on them would be changed. Water and 
earth, composed of old worn particles, would not be 
of the same nature and texture now with water and 
earth composed of entire particles in the beginning. And 
therefore, that nature may be lasting, the changes of cor¬ 
poreal things arc to be placed only in the various separa¬ 
tions and new associations and motions of these perma¬ 
nent particles; compound bodies being apt to break, not 
in the midst of solid particles, but where those particles 
are laid together, and touch in a few points. It seems 
farther," he continues, *< that these particles have not only 
a vis inertia;, accompanied with such passive laws of mo¬ 
tion as naturally result from that force, but also that they 
are moved by certain active principles, such as is that of 
gravity, and that which causeth fermentation, and the co¬ 
hesion of bodies. These principles are to be considered 
not as occult qualities, supposed to result from the specific 
forms of things, but as general laws of nature, by which the 
things themselves are formed; their truth appearing to us by 
phenomena, though their causes are not yet discovered.” 

Hobbes, Spinoza, &c, maintain that all the beings in the 
uitjjpsc arc material, and that their differences arise from 
their different modifications, motions, &c. Thus they 
conceive that matter extremely subtile, and in a brisk mo¬ 
tion, may think, &cc. Dr. Berkeley, on the contrary, argues 
against the existence of matter itself; and endeavours to 
prove that it is a mere ens rationis, and has no existence 
out of the mind. 

Some late philosophers have advanced a new hypothesis 
concerning the nature and essentia) properties of matter. 
Voc. II. 


The first ol these who suggested, or at least published an 
account of this hypothesis, was M. Boscovich, in his 
T heoria Philosophic* Naturalis. He supposes that matter 
is not impenetrable, but that it consists of physical points 
only, endued with powers of attraction and repulsion, 
taking place at different distances, that is, surrounded 
with various spheres of attraction and repulsion; in the 
sqme manner as solid matter is generally supposed to be. 
Provided therefore that any body move with a sufficient 
degree of velocity, or have sufficient momentum to over¬ 
come any power of repulsion that it may meet with, it 
will find no difficulty in making its way through anv body 
whatever. If the velocity of such a body in motion be 
sufficiently great, Boscovich contends, that the particles of 
any body through which it passes, will not even be moved 
out ol their place by it. With a degree of velocity some¬ 
thing less than this, they will be considerably agitated, and 
ignition might perhaps he the consequence, though the 
progress of the body in motion would not be sensibly in¬ 
terrupted ; and with a still less momentum it might not 
pass at all. 

Mr. Michcll, Dr. Priestley, and some others of our own 
country, are of the same opinion. See Priestley's History 
of Discoveries relating to Light, pa. 3£)0.—In conformity 
to the above hypothesis, our author maintains, that matter 
is not that inert substance that it has been supposed to be; 
that powers of attraction or repulsion are necessary to its 
very being, and that no part of it appears to be impene¬ 
trable to other parts. Accordingly, he defines matter to 
be a substance, possessed of the property of extension, and 
of powers of attraction or repulsion, which are not distinct 
from matter, and foreign to it, as it has been generally 
imagined, but absolutely essential to its very nature and 
being; so that when bodies are divested of these powers, 
they become nothing at all. In another place, Dr. Priest¬ 
ley has given a somewhat different account of matter ; 
according to which it is only a number of centres of at- 
traction and repulsion; or more properly of centres, not 
divisible, to which divine agency is directed ; and as 
sensation and thought are not incompatible with these 
powers, solidity, or impenetrability, and consequently a 
vis inertia? only having been thought repugnant to them, 
he maintains, that we have no reason to suppose that there 
are in man two substances absolutely distinct from each 
other. Sec Disquisitions on Matter and Spirit. 

But Dr. Price, in a correspondence with Dr. Priestley, 
published under the title of A Free Discussion of the 
Doctrines ol Materialism and Philosophical Necessity, 
1778, has suggested a variety of strong objections against 
this hypothesis of the penetrability of matter, and against 
the conclusions that are drawn from it. The vis inertia of 
matter, he says, is the foundation of all that is demonstrated 
by natural philosophers concerning the laws of the colli¬ 
sion of bodies. This, in particular, is the foundation of 
Netyton's philosophy, and especially of his three laws of 
motion. Solid matter has the power of acting on other 
matter by impulse ; but unsolid matter cannot act at all by 
impulse ; and ibis is the only way in which it is capable of 
acting, by any action that is properly its own. If it be 
said, that one particle of matter can act upon another 
without contact and impulse, or that matter can, by its 
own proper agency, attract or repel other matter which is 
at a distance from it, then a maxim hitherto universally 
received must bo. false, that u nothing can act where it is 
not. Newton, in his letters to Bentley, calls the notion. 
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that matter possesses an innate power of attract.on, or that 
it can act upon matter at a distance, and attract and repel 
by its own agency, an absurdity into which he thought no 
one could possibly fall. And in another place he expressly 
disclaims the notion of innate gravity, and has taken pains 
to show that he did not take it to be an essential property 
of bodirs: and by pursuing the same kind of reasoning, it 
must appear, that matter has not the power of attracting 
and repelling; that this power is the power of some foreign 
cause, acting upon matter according to stated laws ; and 
consequently that attraction and repulsion, not being ac¬ 
tions, much less inherent qualities of matter, as such, it 
ought not to be defined by them. And it matter has no 
other property, as Dr, Priestley asserts, than the power of 
attracting and repelling, it must be a non-entity ; because 
this is a property that cannot belong to it. Besides, all 
power is the power ot something ; and yet it matter is no¬ 
thing but this power, it must be the power of nothing ; and 
the very idea of it is a contradiction. If matter be not 
solid extension, what can it be more than mere extension ? 

Further, matter that is not solid, is the same with pore; 
and therefore it cannot possess what philosophers mean by 
the momentum or force of bodies, which is always in pro¬ 
portion to the quantity of matter in bodies, void ol pore. 

MAUNDY Thursday, is the Thursday in Passion 
week ; w hich was called Maunday or Mandate Ihursday, 
from the command which Christ gave his apostles to com¬ 
memorate him in the Lord's Supper, which he instituted 
on this day; or from the new commandment which he 
gave them to love one another, after he had washed their 
feet as a token < f his love to them. 

MAUPKRTUIfc (Peter Louis Morceau de), a cele¬ 
brated French mathematician and philosopher, was born at 
St. M ilo in 1^98, and was there privately educated till he 
attaint d his 16 th year, when he was placed under the ce¬ 
lebrated professor of philosophy, M. lc Blond, in the col¬ 
lege of la Marche, at Paris; he had ulso M.Guisncc,of 
the Academy of Sciences, for his instructor in mathematics. 
For this science he soon discovered a strong inclination, 
and particularly for geometry. He also practised instru¬ 
mental music in his early years with great success; but 
fixed on no profession till he was 20 , when he entered into 
tjic army; in which he remained about 5 years, during 
which timfehe pursued his mathematical studies with great 
vigour; and it was soon remarked by M. Frcrct and other 
•academicians, that nothing but mathematics could satisfy 
his active soul and unbounded thirst for knowledge. 

In the year 1723, he was received into the Royal Aca¬ 
demy of Sciences, and read his first performance, which 
was a memoir on the construction und form of musical 
instruments. During the first years of his admission, he 
did not wholly confine his attention to mathematics ; he 
dipped intonatural philosophy, and discovered great know¬ 
ledge and dexterity in observations and experiments on 
animals. 

If the custom of travelling into remote countries, like 
the sages of antiquity, in order to be initiuted into the 
learned mysteries of those times, had still subsisted, no one 
would have conformed to it with more eagerness than 
Maupertuis. His first gratification of this passion was to 
visit the country which had given birth to Newton ; and 
duringhis residence in London lie became us zealousauad¬ 
mirer and follower of that philosopher as any one of his own 
countrymen. His next excursion was to Basil in Switzer¬ 
land, where he fprmcd a friendship with the celebrated John 
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Bernoulli and his family, which continued till his death. 

At his return to Paris, he applied himself to his favourite 
studies with greater zeal than ever. And how well he ful¬ 
filled the duties of an academician, may be seen by running 
ovc* the Memoirs of the academy from the year 1724 to 
1744; where it appears that he was neither idle, nor oc¬ 
cupied on objects of small importance. The most sub¬ 
lime questions in the mathematical sciences, received from 
his hand that elegance, clearness, and precision, so re¬ 
markable in all his writings. 

In the year 1736 , lie was sent to the polar circle, to 
measure a degree of the meridian, in order to ascertain 
the figure of the earth ; in which expedition he was ac¬ 
companied by Mess. Clairnut, Cainus, Monmer, Outhier, 
and Celsus, the celebrated professor ol astronomy at Up- 
sal. This business rendered him so eminent, that on his 
return he w as admitted a member ot almost every academy 
in Europe ; though it lias been since found that their de¬ 
ductions have been considerably erroneous. 

In the year 1740, Maupertuis bad an invitation from 
the king ol Prussia t 6 go to Berlin ; which was loo flutter¬ 
ing to be refused. Mis rank among men ot letters had not 
wholly effaced his love lor his first profession, that ol arms. 
He followed the king to the field, but at the buttle of Mol- 
witz was deprived ol the pleasure ot being present, when 
victory declared in favour of his royal patron, by a singular 
kind of adventure. His horse, during the heat of the ac¬ 
tion, running away with him. he tell into the hands of the 
enemy ; and was at first but roughly treated by the Aus¬ 
trian hussars, to whom he could not make himself known 
for want of language; but being carried prisoner to Vi¬ 
enna, he received such honours from the emperor as never 
were effaced from his memory. Maupertuis lamented very 
much the loss of a watch of Mr. Graham’s, the celebrated 
English urtist, which they had taken from him ; but the 
emperor,’who happened to have another by the some artist, 
enriched with diamonds, presented it to him, saying, “ the 
hussars meant only to jest with you, they have sent me 
your watch, and I return it to you." 

He went soon after to Berlin ; but as the reform of the 
academy which the king of Prussia then meditated was not 
yet matured, he repaired to Paris, where his affairs called 
him, and he was there chosen, in 1742, director of the 
Academy of Sciences. In 1743 he was received into the 
French Academy ; which was the firstinstunce ol the same 
person being a member of both the academies at Paris at 
the same time. • Maupertuis again assumed the soldier at 
the siege of Fribourg, and was pitched upon by Marshal 
Coigny and the count d’Argcnson to carry the news to the 
French king of the surrender of that citadel. 

Maupertuis returned to Berlin in the year 1744, when 
a marriage was negotiated and brought about, by the good 
offices of the queen-mother, between our author^ and 
Mademoiselle dc Borck, a lady of great beauty and merit, 
and nearly related to M. dc Borck, at that time minister 
of state. This determined him to settle at Berlin, as ho 
was extremely attached to his new spouse, and rcgmtded 
this alliance as the most fortunate circumstance of hirijfe. 

In tl\e year 1746, Maupertuis was declared, by the'king 
of Prussiu, president of the Royal Academy of Sciences at 
Berlin, and soon after by the same prince was honoured 
■ with the Order of Merit. However, all these accumulated 
honours and advantages, so far from lessening his ardour 
for the sciences, seemed to furnish new allurements to la¬ 
bour and application. Not a day passed but he produced 
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-some new project or essay for the advancement of know- 
iocl a c Nor did he confine himself to mathematical studies 
only ! metaphysics, chemistry, botany, polite literature, 
all shared his attention, and contributed to his fame. At 
the same time he had, it seems, a strange inquietude of 
spirit, and dark melancholy humour, which rendered him 
miserable amid honours and pleasures. Such a tempera- 
ment did not promise a pacific life, and he was in fact en- 
waged in several quarrels. One of these was with Koenig, 
the professor of philosophy at Fraueker, and another more 
terrible with Voltaire. Maupcrtuis had inserted in the 
volume of Metaoirs of the Academy of Berlin for 1746, a 
discourse on the laws of motion ; which Koenig was not 
content with attacking, but attributed to Leibnitz. Mau- 
pertuis, stung with the imputation of plagiarism, engaged 
the academy of Berlin to call upon hin^ for his proof, 
which Koenig failing to produce, his name was struck out 
of the academy, of which he was a member. Several 
pamphlets were the consequence of this measure ; and 
Voltaire, for some reason or other, engaged in the quarrel 
against Maupertuis. We say, for some reason or other; 
because Maupcrtuis and Voltaire were apparently on the 
most amicable terms ; and the latter respected the former 
as his master in the mathematics. Voltaire on this occa¬ 
sion, however, exerted all his wit and satire against him; 
and on the whole was so much transported beyond what 
was thought right, that he found it expedient in 1753 to 
quit the court of Prussia. ' 

Our philosopher’s constitution had long been considera¬ 
bly impaired by the great fatigues of various kinds in which 
his active mind had involved him ; though to the amazing 
hardships he had undergone, in his northern expedition, 
most of his bodily sutlerings may be traced. The intense 
sharpness of the air could only be supported by means of 
.strong liquors, which helped but to lacerate his lungs, and 
bring on a spitting of blood, which began at lca^ 12 years 
before his death. Yet still his mind seemed to enjoy the 
greatest vigour; for the best of his writings were produced, 
and most sublime ideas developed, during the time of his 
confinement by sickness, when he was unable to occupy 
his presidential chair at the academy. He took several 
journeys to St. Malo, during the last years of his life, for 
the recovery of his health : and though lie always received 
benefit by breathing his native air, yet still, on his return 
to Berlin, his disorder likewise returned with greater vio¬ 
lence. liis lost journey into France was undertaken in the 
year 1757 ; when he was obliged, soon after his arrival 
there, to'quit his favourite retreat at St. Malo, on account 
of the danger and confusion which that town was thrown 
into by the arrival of the English in its neighbourhood. 
From thence he went to Bourdcaux, hoping there to meet 
with a neutral ship to carry him to Hamburgh, in his way 
back to Berlin; but being disappointed in that hope, he 
went to Toulouse, where he remained seven months. He 
haU then thoughts of going to Jtaly, in hopes a milder 
climate would restore him to health; but finding himself 
grow worse, he rather inclined towards Germany, and went 
to Ncufchatcl, where for three months he enjoyed the 
conversation of loroMarischal r with whom he had formerly 
been much connected. At length he arrived at Basil, 
October l6, 1758, where he was received by his friend 
Bernoulli and his family with the utmost tenderness and 
affection. He at first found himself much better here 
than he had been at Ncufchatel: but this amendment was 
short duration; for as the vfinter approached, his disor¬ 


der returned, accompanied by new and more alarming 
symptoms. He languished here many months, during 
which he was attended by M. de la Condamine ; and died 
in J759, at 6l years of age. 

The works which he published were collected into 4 
volumes 8vo, published at Lyons in 1756, where also a 
new and elegant edition was printed in 1/68. These con¬ 
tain the following works :— 1. Essay on Cosmology.—2. 
Discourse on the different Figures ot the Stars.—3. Essay 
on Moral Philosophy—4. Philosophical Reflections on 
the Origin of Languages, and the Signification of Words.— 

5. Animal Physics, concerning Generation 6ic .—6 . Sys¬ 
tem of Nature, or the Formation of Bodies.—7. Letters 
on various Subjects.—8.On the Progress of the Sciences. 
—9. I^lementsof Geography.—10. Account oi the Expe¬ 
dition to the Polar Circle, for determining the Figure 
of the Earth ; or the Measure of the Earth at the Polar 
Circle. —11. Account of a Journey into the Heart of Lap- 
lund, to search for an Ancient Monument.—12. On the 
Comet of 1742.—13. Various Academical Discourses pro¬ 
nounced in the French and Prusian Academies.—14. 
Dissertation on Languages.—15. Agreement of the Dif¬ 
ferent Laws of Nature, which have hitherto appeared in¬ 
compatible.—16. On the Laws of Motion.—17. On the 
Laws of Rest.—18. Nautical Astronomy.—19- On the 
Parallax of the Moon.—20. Operations for determining 
the Figure of the Earth, and the Variations of Gravity. 
—21. Measure of a Degree of the Meridian at the Polar 
Circle. 

Besides these works, Maupertuis was author of a great 
number of interesting papers, particularly those printed 
in the Memoirs of the Paris and Berlin Academics, far too 
numerous here to mention ; viz, in the Memoirs of the 
Academy at Paris, from the year 1724, to 1749; and in 
those of the Academy of Berlin, from the year 1746, to 
1756. 

MAUROL1CO (Francis), was born at Messina in 
1494, and became abbot of St. Maria del Porto in Sicily, 
and taught mathematics with reputation in his native 
country, having possessed the happy art of rendering the 
most abstract questions plain, by his clearness of ex¬ 
pression ; and he applied particularly to the summation 
of several scries, such as those of the natural numbers, 
triangular numbers, &c. He died in 1575.—His works 
chiefly arc, 1. An edition of the Spherics of Theodosius.— 

2. Emcudatio et Restitutio Conicorum Apollonii Pergaei.— 

3. Archimcdis Monumcnta omnia.—4. Euclidis Pheno¬ 
mena, &c. And he introduced the use of the secants 
into trigonometry. 

MAXIMUM, denotes the greatest state or quantity at¬ 
tainable in any given case, or the greatest value of a va¬ 
riable quantity. By which it stands opposed to Minimum, 
which is the least possible quantity in any case. As in 
the algebraical expression a 1 — bx, where a and b are con¬ 
stant or invariable quantities, and x a variable one. Now 
it is evident that the value of this remainder or difference, 
a 1 — bx, will increase as the term bx, or x, decreases; and 
therefore that remainder will be the greatest when x is the 
smallest; that is, a l — bx is a maximum, when x w the 
least, or nothing at all. Again, the expression or differ- 

rcncc d 1 — -, evidently increases as the fraction - dimi¬ 
nishes; and this diminishes as x increases; thcreforo the 
given expression will be the greatest, or a maximum, when . 
x is the greatest, or infinite, 

j 
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Also, if along the diameter kz {the 3 d fig. below) of a 
circle, a perpendicular ordinate lm be conceived to move, 
irom k towards z; it is evident that, from k it increases 
continually till it arrive at the centre, in the position NO, 
where it is at the greatest state ; and from thence it con¬ 
tinually decreases again, as it moves along from N to z, 
and quite vanishes at the point z. So that the maximum 
state of the ordinate is no, equal to the radius ot the 
circle. 

Methodus de Maximis et Minimis, a method of find¬ 
ing the greatest or least state or value of a variable quantity. 



Some quantities continually increase, and therefore 
have no maximum but what is infinite; as the ordinates 
nc, de of the parabola ace: Some continually decrease, 
and have therefore their least or minimum state in no¬ 
thing; as the ordinates ro, ill, to the asymptotes of the 
hyperbola. Others increase to acertuin magnitude, which 
is their maximum, and then decrease again; as the ordi¬ 
nates lm &c of the circle. And others again decrease to 
• certain magnitude tv, which is their minimum, and 
then increase again ; as the ordinates of the curve svV. 
While others admit of several maxima and minima; as 
the ordinates of the curve abede, where at l and d they arc 
maxima, and at n t c, e, minima. And thus the maxima and 
minimaol nll other variable quantities may be conceived ; 
expressing those quantities by the ordinates of some curves. 

The first ideas of maxima and minima arc found in the 
Elements of Euclid, or flowjmmediatcly from them : thus, 
it appears, by the 5th prop, of book 2, that the greatest 
rectangle that can be made of the two parts of a given 
line, any how divided, is when the line is divided equally 
in the middle; prop. 7, book 3, shows that the greatest 
line that can be drawn from a given point within a circle, 
to its circumference, is that which passes through the 
centre ; and that the least line that can be so drawn, is 
the continuation of the same to the other side of the circle: 
prop. 8, ib. shows the same for lines drawn from a point 
•without the circle : and thus mftny instances Of a similar 
nature might be pointed out in the Elements.—Oliver 
writers on the maxima and minima, are, Apollonius, in 
the whole 5th book of his Conic Sections; and in the 
refacc or dedication of that book, lie says that others 
ad then also treated the subject, though in a slighter 
manner.—Archimedes; as in prop. 9 of his treutise on the 
Sphere tfnd Cylinder, where lie demonstrates that, of all 
spherical segments under equal superficies, the hemisphere 
is the greatest.—Sercnus, in his 2d book, or that on the 
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Conic Sections.—Pappus, in many parts of his Mathe¬ 
matical Collections; as in lib. 3, prop. 28 &c, lib. 6, prop. 

31 &c, where he treats of some cqrious cases of variable- 
geometrical quantities, showing how some increase and 
decrease both ways to infinity; while others proceed only 
one way, by increase or decrease, to infinity, and the 
other way to a certain magnitude; and others again both 
ways to a certain magnitude, giving a maximum and mi¬ 
nimum; also lib. 7* prop. 13, 14, 165, l66, &c. And 
all these are the geometrical maxima and minima of the 
ancients ; to which may be added some others ol the same 
kind, viz Viviani De Maximis et Minimis Geometrica 
Divinatio in quintum Conicorum Apollonii Pergaii, in 
fol. at Flor. 1659; also an ingenious little tract in Simp¬ 
son’s Geometry, on the maxima and minima of Geome¬ 
trical Quantities. Sec also vol. 3 ot my Course ot Mathis* 
unities. 

Hut the subject of maxima and minima is treated in a 
more general way by the modern analysis; the first among 
which perhaps may be placed that of Fermat. This* and 
other methods, are best referred to, and explained by 
the ordinates of curves : for when the ordinate of a curve 
increases to a certain magnitude, where it is greatest, and 
afterwards decreases again, it is evident that two ordinates 
on the contrary sides of the greatest ordinate may be equal 
to each other ; and when the ordinates decrease to a cer¬ 
tain point, where they are at the least, and afterwards 
increase again; there may also he two equal ordinates, 
one on each side of the least ordinate, llc-nco then an 
cquul ordinate corresponds to two different abscisses, or 
for every value of an ordinate there arc two values of 
abscisses. Now as the difference between.the two abscisses 
is conceived to become less and less, it is evident that the 
two equal ordinates, corresponding to them, approach 
nearer and nearer together ;and when the differences of 
the abscisses are infinitely small, or nothingyNhcn the equal 
ordinates unite in one, which is cither the maximum or 
minimum. The method hence derived then, is this: Find 
two values of an ordinutc, expressed in terms of the ab¬ 
scisses : put those two values equal to each other, cancel¬ 
ing the parts that are common to both, and dividing all 
the remaining terms by the difference between the abscisses, 
which will he a common factor in them : next, supposing 
the abscisses to become equal, that the equal-ordinates 
may concur in the maximum or minimum, that difference 
will vanish, as well as all the terms of the equation that 
include it; and therefore, striking those terms out of the 
equation, the remaining terms^vill give the value of the 
absciss corresponding to the maximum or minimum. 

For example, Suppose it were required to find the 
greatest ordinate in a circle kmq. Pyt the diameter kj? 
= a, the absciss kl = x, the ordinate 1.M t=y; hence the 
other part of the diameter is lz = a—/; ann consequently,: 
by thp nature of the circle klx lz being equal lm!. a> 
x (a — x) or ax — x* = y\ Again, put nnbther aolciss 
kp n -+- d, where d if the difference lp, the ordinnto- 
pq, being equal to lm ory.vhcrc then again kf x tz -■*= 
PQ*,or(x -4 - d) x (a — x — (f) = ax — 2dx -t> arf ■— 

: put now these two vnluesWy* equul to each 
other, so shall nx — x* =ax — a-*— 2dx •+■ ad — d l j cancel* 
the common terms ax and x’, then 0 = — 2dr -+■ ad — 
d i ,or Qdx d 1 = ad; divide all by d, so shall- 2i + d = 
a general equation derived from tho equality of the two- 
ordinates. Now, bringing the two equal ordinates to¬ 
gether, or making the ,tWo abscisses equal, their ditjjp- 
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ence d vanishes, and the last equation becomes barely And in the 2d example, where ax 2 — x 3 , is to be a 
2x = a, or x = la, = kn, the value of the absciss kn maximum ; mult, by - 2 3 


when the ordinate no is a maximum, viz, the greatest 
ordinate bisects the diameter. And the operation and 
conclusion it is evident will be the same, to divide a given 
line into two parts, so that their rectangle shall be the 
greatest possible. 

For a second example, let it be -i--, R 

required to divide the given line ab 

into two such parts, that tbe one part drawn into the 
square of the other may be the greatest possible. Putting 
the given line ab = a, and one part ac = i; then the 
otherpartCB will be a — x, and therefore x* x (a — x) = 
ax‘ — x* is the product of one part by the square of the 
othert Again, let one part be a d = x •+• d, then the other 
part lsV/ — x — d, and (x a) 2 x (a — x — d ) = ax z — x 3 
— 3dx x (2 ad — 3d 2 ) . x ad 1 — Then, putting 
these two products equal to each other, cancelling the 
common terms ax 3 — x 3 , and dividing the remainder by d f 
there results 0 = — 3x l (2« — 3d) . x ad — d z ; 
hence, canceling all the terms that contain d, there re¬ 
mains 0 = — 3x" 2ax , or 3x = 2a, and x = $a ; that 
is, the given line must be divided into two parts in the ra¬ 
tio of 3 to 2. See Fermat's Opera Varia, pa. 6 3, and his 
Letters to Mersenne. 

The next method was that of John Hudde, given by 
Schootcn among the additions to Descartes's Geometry, 
near the end of the 1st vol. of his edition. This method is also 
drawn from the property of an equation having two equal 
roots. He thdre demonstrates that, having ranged the 
terms of an equation, that lias two roots equal, according 
to the order of the exponents of the unknown quantity, 
taking all the terms over to one side, and so making them 
equal to nothing on the other side; if then the terms in 
that order be multiplied by the terms of any arithmetical 
progression, the resulting equation will still have one of its 
roots equal to one of the two equal roots of the former 
equation. Now since, by what lias been said of the fore¬ 
going method, when the ordinate of a curve, admitting of a 
maximum or minimum, isexpressed in terms of thcabscissa, 
that abscissa, or the valut? of x, will be two-fold, because 
there are two ordinates of the same value; that is, the 
equation has at least two unequal roots or values of x: but 
when the ordinate becomes a maximum or minimum, tbc 
two abscisses unite in one, and the two roots, or values of 
x, are equal; therefore, from the above-said property, the 
terms of this equation for die maximum or minimum being 
multiplied by the terms oMbiy arithmetical progression, 
the root of the resulting equation will be one of the said 
equal roots, or the value of the absciss x when the ordinate 
is a maximum. 

Though the terms of any arithmetic progression may be 
used for this purpose, some are more convenient than 
others; and Mr. Hudde directs to make qsc of that pro¬ 
gression which is formed by the exponents of x, viz, to 
multiply each terra by the exponent of its power, and 
putting all the resulting products equal to nothing; wbifh, 
it is evident, is exactly tbc same process as taking the 
fluxions of all the terms, and putting them equal to no¬ 
thing; being the common process now used for the same 
purpose. 

Thus, in the former of the two foregoing examples, 
where ax — $t* r or y% is to be a maximum; 
m nflilt. by 1 2 

gilts ax — 2x 2 = 0;hcncc2x = a,andx = Ja,asbcfoie. 


gives ..... Qax' — 3i^ = 0; 

hence 2a — 3x = O, or 3x = 2a, and x = jr/, as before. 

The next general method, and which is now usually 
practised, is that of Newton, or the method of Fluxions, 
which is founded on a principle different from that of the 
two former methods of Fermat and Huude. 1 hose are 
derived from the idea of the two equal ordinates ol u 
curve uniting into one, at the place ol the maximum and 
minimum ; but Newton’s from the principle, that the 
fluxion or increment of an ordinate is nothing, at the point 
of the maximum or minimum ; a circumstance which im¬ 
mediately follows from the nature of that doctrine : for, 
since a quantity ceases to increase at tbe maximum,.and 
to decrease at the minimum, at those points it neither in¬ 
creases nor decreases ; and since the fluxion of a quantity 
is proportional to its increase or decrease, therefore the 
fluxion is nothing ac the maximum or minimum. Hence 
this rule: Take the fluxion of the algebraical expression 
denoting the maximum or minimum, and put it equal to 
nothing; and that equation will determine the value of 
the unknown letter or quantity in question.—So, in the 
first of the two foregoing examples, where it is required to 
determine x when ax — x z is a maximum : the fluxion 
of this is ax — 2xx = 0 ; which divided by x T gives 
a — Qx = 0, or a = 2x, and x =\a. Also, in the 2d 
example, where ax 2 — x ; is to be a maximum : the fluxion 
is 2 axx — 3x 2 x = 0; hence 2a — 3j = 0 , or 2a = 3x, 
and x = Ja. 

• When a quantity becomes a maximum or minimum, 
and is expressed by two or more affirmative and negative 
terms, in which only one variable letter is contained ; it is 
evident that the fluxion of the affirmative terms will be 
equal to the fluxion of the negative ones; since their dif¬ 
ference is equal to nothing. 

And when, in the expression for the fluxion of a maxi¬ 
mum or minimum, tlferc arc two or more fluxionary 
letters, each contained in both affirmative and negative 
terms ; the sum of the terms containing the fluxion of each 
letter, will be equal to nothing: For, in order that any 
expression be a maximum or minimum, which contains 
two or more variable quantities, it must produce a maxi¬ 
mum or minimum, if but one of those quantities be sup¬ 
posed variable. So if ax — 2 xy by denote a minimum; 
its fluxion is ax — 2 yx — 2 xy + by; hence ax — 2 'yx = 0, 
and by — 2xy = 0; from the former of these y = and 
from the latter x = ±b. Or, in such a case, take the 
fluxion of the whole expression, supposing only one quan¬ 
tity variable; then take the fluxion again, supposing an¬ 
other quantity only variable: and so on, for all the seve¬ 
ral variable quantities ; which will give the same number 
of equations for determining those quantities. So, in the 
above example, ax — 2 xy by, the fluxion is ax — 2 yx = 0, 
supposing only x variable; which gives y =s <$a : and the 
fluxion is — 2 xy.+ By = 0, when y only is variable; which 
gives x = \b; the same os before. 

Farther, when any quantity is a maximum or mini 
mum, all the powers or roots of. it will be so too; as will 
also be-the result, when it is increased or decreased, or 
multiplied, or divided by a given or constant quantity ; 
and the logarithm of the same will be also a maximum 
or minimum. 

To find whether a proposed algebraic quantity admits qf a 
maximum or minimum,— ILvfery algebraic expression..dous- 
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„„t a,ln.it ..f a maximum or minimum, properly so called; 
for 11 may either increase continually to infinity, or de¬ 
crease continually to nothing; in both winch eases there 
is neither a proper maximum nor minimum : tor the true 
maximum in that value t*» which an expression increases, 
and after which it decreases again ; and the minimum is 
that value to which the expression decreases, and alter 
that it increases again. Therefore when the expression 
admits of a maximum, its fluxion is positive before that 
point, and negative after it; but when it admits of a mi¬ 
nimum, its fluxion is negative before, and positive after it. 
lienee, take the fluxion of the expression immediately 
before the fluxion is equal to nothing, and a little after it; 
if the first fluxion be positive, and the last negative, the 
middle state is a maximum; but if the first fluxion be 
negative, and the lust positive, the middle state is a mini¬ 
mum. Thus, lor example, see Maclaurin’s Fluxions, 
book 1, chap, y, and book 2, chap. 5, art. 859- 

We shall add here a few problems 
tration of this method. 

prob. I. To divide a given number a into two parts, 
,x, and y, so that x m y n may be a maximum. 

Since x y = «, and x m y" = max. the fluxion of 
cac |j — o, the former because it is constant, and the 
latter because it is a maximum; therefore * -+- y = 0 
and myW'x + "tY'V = 0 » hc " cc * = “ ■>'* . and 
; _ _ — _ ’HI ; therefore — y = — ' ** 


Ir _ x i = a max. And this being thrown into fluxions, 
we have 2 bxx - 3x~‘x = O.or x = \b-, therefore eu = $bh, 
when the cylinder is the greatest possible. 

Prob. 4. To inscribe the greatest possible parallelogram 

in a given parabola. . , , , 

Let auc, Fig. 3, represent the given parabola, and d rc. i 


Fig. 3. 

B 


the required paral¬ 
lelogram. Also put 
Bit — n, parameter 
= p, and be = x ; 
then by the property 
of the parabola, 

DE l = pi; there¬ 
fore de —y/px, and 
DP = 2y/px\ hence 
the area of the parallelogram dfgi = 2 s/px * 


T%/ F. 

X 



& 


* 5 
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max. or ax- — x 


as a farther illus- 


s= a max.; 

a 


\ nx — £ x T * = O, or 


i 

X 1 


or 


my 


my 


>ir 


my = nx, that is m : n : : x : y. And since y — there- 

71 T* 771'l 1 

fore x -+- — = a, and consequently x = -• and 


m 


m 


f* 


rya 


I* m + n 

If m = n, I lie two parts are equal. 

Prob. 2. To inscribe the greatest parallelogram in a 
given triangle. 

Let abc, Fig. 1, be the given triangle, and dfgi tne 
required parallelogram; 
draw mi perpendicular 
to ac ; and put Ac = a, 

Bli = b, be = x; then 
EH £2 b — x; and by 
similar triangles b : a :: 


x) a 

and this in fluxions gives 

i 

= 3x T or a = 3x, conse¬ 
quently x = j- a; that is til = \ bu, when the inscribed 
parallelogram is a maximum. 

Prob. 5. To determine the dimensions of a cylindric 
vessel open at top, that shall contain a given quantity ot 
liquor, under the least possible superficies. 

Let the altitude be represented by x, and the diameter 
by y, also put *785S9&c =/), consequently 3*1416 = 4p, 
and the content = a; then 4 pxy will be the cylindric sur¬ 
face, and py 1 the area of the bottom. Hence these two 
equations py 7 x = a, and 4 pxy -4- py 1 — a minimum ; 

from the first x = which being substituted for x in 
the second, gives — -f- py 2 — a minimum; and this in 

y • 

fluxions, gives ~ 2pyy = 0, or 2 py = -r» hence 

y* = —, and y = Z/— the diamelcr; also since x = 

J p p - py 


ax 

; t = df; 


hence the 


area dfgi 


ax 

= T x 



or 


x 1 = 


py 


— ~ x' ■, — — = —; therefore 

— p‘ 4a* 4 p 8 p 


x = \y/ ,a : that is, the diameter is double the altitude, 
when the surface is a minimum. 

. Prob. 6. Of all right-angled triangles having th'c same 
hypothenuse, to determine the dimensions of that whose 
area is a maximum. 

Let the hypothenuse be represented by a, and the legs 
by x and y. Then wc baveAthosc two equations, 
x 3 y x = «*, and £xy = mux. 

The fluxion of each of these is equal to 0, the first be¬ 
cause it is constant, and the second because it is a maxi¬ 
mum; wc have theroforc 

Qxx ■+■ 2j ff = 0, and \xj •¥■ ^yx = 0; from tho first 
x — and from the second x = ——therefore 

— = ; lienee x = v, that is, the area it a maximum 

when the legs arc equal. ^ 

For various examples of this kindytee Simpson’s, Mac¬ 
laurin’s, Emerson’s, and Vince's Fluxions. » 

Maximum Effect qf Machines. Sec Mechanics. • 

MAY, Moius, the fifth month in the year, reckoning 
from our first, or January; but the third ,counting tho. 
year to begin with March, as the*Romans did ancietftly. 4 
It was called Maius by Romulus, in rtapcct to the senn- 


(b — x) = max. or > 
bx — x l = max. There¬ 
fore, taking ‘the fluxion, wc have, 
x = and hence eii = {mi. 

Prob. 3. To inscribe the greatest cylinder in a given cone. 

Let auc, ITg. 2, represent the given cone, and 
jifqi the cylinder required. Put 
p 78539 &c; then the same 
notation remaining, as in the fore¬ 
going problem, wc have by similar 

triangles, b : a :: x — nr; 

therefore tlie area of the end of 


the cylinder = ; 

Po’x* 

by the question, 

= a max. or x l > 


and hence, 
x (6 — x) 

(& - i) = 
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tors and nobles of his city, who were named Majores; as 
the following month was called Junius, in honour of the 
youth of Rome, in honorem juniorum, who served him in 
the war. Though some say it has been thus called from 
Maia, the mother ot Mercury, to whom they offered sa¬ 
crifice on thi* first day of this month: and Papias derives 
the name from Madius, eo quod tunc terra inadeat—In 
this month the sun enters the sign Gemini, and the plants 
of our hemisphere begin mostly to flower. 

MAYLR n .Tobias), one of the greatest astronomers and 
mechanists of the 18th century, was born at Masp ich, in 
the duchy of Wirtemberg, 1723. He taught himself ma¬ 
thematics, and at 14 years of age designed machines and 
instruments with the greatest dexterity and exactness. 
These pursuits, however,did not hinder him from cultivating 
the belles lettres; for he acquired the Latin tongue, and 
wrote it with elegance. In 1750, the university of Got¬ 
tingen chose him for their mathematical professor ; and 
every year of his short life was thenceforward marked with 
some considerable discoveries in geometry and astronomy. 
Hepublishcd several works on ihesesubjects, which are all 
accounted excellent of their kind,; and some papers arc 
inserted in the second volume of the Memoirs of the Uni¬ 
versity of Gottingen. He was very accurate and inde¬ 
fatigable in his astr nomical observations; indeed his la¬ 
bours seem to h *ve \ory early exhausted him; lor he died 
worn out in 1702, at no more than 39 years ol age. 

His Table ol Retractions, deduced from his own astro¬ 
nomical observations, accurately agrees with that of 
Doctor Bradley ; and his Theory ol the Moon, and Astro¬ 
nomical Tables ami Pi* o pt', were so well esteemed, that 
they were lewarded by the Knglish Boaid of Longitude, 
with the premium ol 3000 pound', which siun was paid 
to bis widow after his death. These tables and precepts 
were published by the Board of Longitude in 1770. 

MLAN, a middle state between two extremes : as a 
mean motion, mean distance, arithmetical mean, geome¬ 
trical mean, &c. 

Arithmetical Mean, is half the sum of the extremes. 
So, 4 is an arithmetical mean between 2 and 6, or between 
3 and 5, or between 1 and 7; also an arithmetical mean 

between a and b is — or \a -♦- \b. 


j 


Geometrical Mean, commonly called a mean propor¬ 
tional, is the square root of the product of the two ex¬ 
tremes; so that, to find a mean proportional between two 
given extremes, multiply these together, and extract the 
square root of the product. Thus, a mean proportional 
between 1 and 9. is */(i * 9) = y/9 = 3; a mean be¬ 
tween 2 and 44 is y/ (2 x 44) =\/9 — 3; also the mean 
between 4 and 6 is \Z.(4> x 6) = ^/24; and the mean be¬ 
tween a and b is </ ab. 

The geometrical mean is always less than the arithme¬ 
tical mean, between the same two extremes. So the arith¬ 
metical mean between 2 and 44 is 3J» but the geometrical 
mean is only 3. To prove this generally; let a and b be 
any two terms, a the greater, and b the less; then, uni- 
\crsally, the arithmetical mean \a + \b shall be greuter 
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given lines m and N. Join the two 

giveu lines together at c in one con- _ 

tinued line ab; on the diameter ab 
describe a semicircle, and erect the 
perpendicular cd; which will be the 
mean proportional between ac and 
CB,or M and n. This, it is evident, is 
always less than the arithmetical mean, 
ae or eb or ef ; except when the two 
lines are equal ; for then the two means are equal also. 

To find two Mean Proportionals between twog vcn ex¬ 
tremes. Multiply each extreme by the square of the 
other, viz, the greater extreme by the square of the less, 
and the less extreme by the square of the greater; then ex¬ 
tract the cube root out of each product, and the two 
root* will be the two mean proportionals Sought. That is, 
i/a l b and (/ab 1 are the two means between a and b . So, 
between 2 and 16, the two mean proportionals are 4 and 
8 ; for y/(2 J x 16) = ^64 = 4, and ^/(2 x 1G 2 ) = 
J/512 = 8. 

In a similar manner we proceed for three means, or 
four means, or five means, &c. From all which it appears 
that the series of the several numbers of mean propor¬ 
tionals, between a and b , will be as follows : viz, 
one mean, y/ab\ 
two means, i/a z b 9 i/ub 2 ; 
three means, l/u*b 9 i/ab'\ 

(out means, {/" 4 b, {/a b\ y/a 2 b*, 1/ab 4 ; 

five means, £/a 5 5, £/a 4 5 , £/a 6^, f/a 2 b\ f/ab*; 

&c, tec. 

Harmonical Mean, is double a fourth proportional to 
the sum of the extremes, and the two extremes themselves 

a and b : thus, as a -4- b : a : : 26 : ■ lnl - : = m the harmo- 

a + b 

nical mean between a and b. Or it is the reciprocal of 
the arithmetical mean between the reciprocals ot the given 
extremes; that is, take the reciprocals of the extremes 

a and 6, which will be - and i; then take the arithmetical 

a b 

mean between these reciprocals, or half their sum, which 
will be — — or ~ \ai ' ,asl, y» l * ,c reciprocal of this 

• 9 fib 

—— = m the harmonical mean : for, arithmeticals and 

harmonicals are mutually reciprocals of each other; 
so that if a, m, b 9 See be arithmeticals, 

then shall , 7 , &cc be harmonicals; 
a m b 

or if the former be harmonicals, the latter will be arith¬ 
meticals. 

For example, to find a harmonical mean between 2 
and 6 ; here a = 2, and 5 = 6; therefore 

= — = 3 = tn the harmonical mean 

b 


2a/» 


3x2x6 


a + b - 2 6 

sought between 2 and 6. 

It is remarkable that the three means, viz, the arithme¬ 
tical, the geometrical, and the harmonical, between any 
two quantities, a and 5, are in continued geometric progres- 

a b 


than the geometrical mean y/ab, or a b greater then s ' on > ^ or ' s cv *dcnt that “ ^ - : t/ab :; ab : 
2^/ab. For, by 

squaring both, they are a 1 2 ab + 4 ib; 

Mibtr. 4 ab from each, then a 1 — 2 ab 0 , 

that i» - - - (a — 6)* > 0 , 

To find a Mean Proportional Geometrically, between two 


+ 6* 


To place the said three Means in Circle. —On the sum 
(ac) of the two means (ab, bc), as a diameter, describe 
a circle; in which erect bd the giveu mean, and apply 
be = \kc the arithm. mean, then produce eb to r, so 
shall be bc the harmonical mean. For, produce db to 
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o, then no = nt>; also join he and 
ro, making the triangles nut, bfg 
similar: for the opposite angles at n 
arc equal, also the angles E and G arc 
equal, stnnding on the same arc df; 
hence be : bi> : : no ■= bd : bf, 
which is therefore the harmonical 
mean. 

Otherwise; Having drawn be and r.u, the arithm. and 
geoin. means; take bg'=bd, and draw g'f' parallel to 
cn; then is be' = bf the harm, mean also. For, bysim. 
triangles, be : bd : : do' = bd : bf'. 

In the 3d book of Pappus’s Mathematical Collections, 
we have a very good tract on all the three kinds of mean 
proportionals, beginning at the 5lh proposition. He ob¬ 
serves, that the ancients could not resolve, in a gcoino- 
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trical way, the problem ot hurting two mean propor¬ 
tionals; and because it is not easy to describe the conic 
sections in piano, for that purpose, they contrived easy 
and convenient instruments, by which they obtained good 
mechanical constructions of that problem ; as appears by 
their writings; as in the Mesolabe of Eratosthenes, of 
Philo, with the Mechanics and Catapultics of Hero. For 
these, rightly deeming the problem a solid one, effected 
the construction only by instruments, and Apollonius 
Pcr°tcus by means of the conic sections; which others 
ogam performed by the loci solidi of ArUtnms; also Ni- 
comedcs solved it by the conchoid, by means of which 
likewise he trisected an angle: and Pappus himself gave 
another solution of the same problem. 

Pappus adds definitions of the three foregoing different 
kinds of means, with many problems and properties con¬ 
cerning them; and, among others, this curious similarity of 
them, viz, o, m, b, being three continued terms, cither 
arithnicticals, geomctricals, or Iwfrmonicals; then in the 
A ritb meticals, a : a : : a - m l m — b\ 

Geomctricals, a : m : : am : m — b; 

Harmonicals, a : b : : a — m : m — b. 

Mean -and-Extreme Proportion, or Extreme-and-ATean 
Proportion, is when a line, or any quantity, is so divided, 
that the less part is to the greater, ns the greater is to the 
whole.—This is easily performed geometrically, as is done 
in Euclid. 

But it cannot be done arithmetically in rational 
numbers; for if a denote a given number; to be divided 
in cxtremc-and-mcan ratio; then the two parts arc 
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a -v'* 


a, which cannot be given in rational 


a a 

numbers, on account of the radical */ 5. 

Mean Anomaly, of a planet, is.an angle, which is al¬ 
ways proportional to the time of the planet’s motion from 
the aphelion or perihelion, or proportional to the area de¬ 
scribed by the rudius vector; that is, ns the whole periodic 
time in one revolution of the planet, is to the time past the 
aphelion or perihelion, so is 3G’0° to the mean anomaly. 

Sec Anomaly. 

Mean Axis, in Optics. See Axis. 

Mean Conjunction or Opposition, is when the mean place the ratio of 10 to 1. 


stances ; and this is equal to the semi transverse axis of-tlm 
elliptic orbit in which it moves, or to the right line drawn 
from the sun or focus to the extremity of the conjugate 

ax is of I lie same. . 

Mean Motion, is that by which a planet is supposed to 

move equably in its orbit; and it is always proportional to 

the time. . , .... . 

Mean Time, or Equal Time, is that which is measured 

by an equable motion, as a clock; as distinguished from ap¬ 
parent time, arising from the unequal motion of the earth 
or sun. 

MEASURE, denotes any quantity, assumed as unity, 
or one, to which the ratio of other homogeneous or like 

quantities may be expressed. 

Quantities are not always necessarily measured by 
quantities of the same kind. See vol. 3 of my Course of 
Mathematics, pa. 87. the note. ... .. , 

Measure of an Angle, is an arc of a circle described 
from the angular point as a centre, and 
intercepted between the legs or sides of 
the angle: and it is usual to estimate 
and express the measure of the angle by 
the number of degrees and parts con¬ 
tained in that arc, of which 36‘0 make up 
the whole circumference. So, the mea¬ 
sure of the angle bac, is the urc bc to 
the rudius ab, or the arc bc to the radius 
Ab. 

Hence, a right angle is measured by a 
quadrant, or j)0 degrees; and any angle, as bac, is to a 
right angle, as the arc bc is to a quadrant, or as the degrees 
in bc arc to yO degrees. 

Common Measure. See Common Measure. 

Measure of a Figure, or Plane Surface, is a square 
inch, or square foot, or square yard, &c, that is, a square 
whose side is an inch, or a foot, or a yard, or some other 
determinate length ; and this square is called the measuring 
unit. 

Measure qf a Line, is any right line taken at plea¬ 
sure, and considered as unity ; as an inch, or a foot, or a 
yard, &c. 

line qf Measures. See Line qf Measures.^ 

Measure of a Mass, or Quantity qf Matter, is its 
weight. 

Measure of a Number, is any number that divides it, 
without leaving a remainder. So, 2 is a measure of 4, of 

8, or of any even number; and 3 is a measure of 6, or of 

9, or of 12, &c. 

Measure qf a Ratio, is its logarithm, in any system of 
logarithms; or it is the exponent of the power to which 
the ratio is equal, the exponent of some given ratio being 
assumed'as unity. So, if the logarithm or measure of the 
ratio of 10 to 1, he assumed equal to 1 ; then the measure 
of the ratio of 100 lo 1, will be 2, because 100 is = 10’, 
or because 100 to 1 is in the duplicate ratio of 10 to 1; 
and the meusure of the ratio of 1000 to 1, will be 3, be¬ 
cause 1000 ia = 10 3 , or because 1000 to 1 is triplicate of 


of the sun is in conjunction, or opposition, with the mean 
place of the moon in the ecliptic. 

Mean Diameter, in Gauging, is a mean between the 
diameters at the head and bung of a cask. 

Mean Distance, of a planet from the sun, is an arith¬ 
metical mean between the planet’s greatest and least di- 


Measure of a Solid, is the number of*cubic inches, or 
cubic .feet, or cubic yards, &c, that are contained in it. 

Measure qf a Superficies , is tho number of square 
inches, or square feet, or square yards,&c, contained in it. 

Me asu re qf Velocity, is the spaco uniformly passed over 
by a moving body in a given time. 
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Universal or Perpetual Measure, is a kind of measure 
unalterable by time or place, to which the measures of dif¬ 
ferent ages and nations might be reduced, and by which 
they may be compared and estimated. Such a measure 
would be very useful, if it could be attained ; since, being 
used at all times, and in all places, a greal deal of contu¬ 
sion and error would be avoided. 

Measures of length appear to be the originals for all 
others, both for surfaces and solids or capacities, as well 
as for weights. The long measures of all nations seem, 
from their tianu4, to have been originally taken from some 
part of the human body ; as the foot, the hand, the cubit 
or elbow, the span, the fathom, &c. But as these measures 
must differ according to the different sizes of men, 
standards of some durable substance have been adopted 
in all civilised countries; which arc found however to 
differ universally from each other, to the great inconveni¬ 
ence of all commerce. In order to remedy this inconveni¬ 
ence, different methods have been proposed for establish¬ 
ing a universal and perpetual standard, unalterable by 
time or place, to which the measures of all nations might 
be reduced, 4nd by which they might be occasionally ad¬ 
justed. But as all material substances arc liable to decay 
and alteration, an invariable standard can be obtained 
only from some stable principle in nature, such as the 
action of gravitation, the motions of the heavenly bodies, 
or the magnitude of the earth, &c ; and accordingly se¬ 
veral of such methods have been proposed, of which the 
two following only have been attended with any degree of 
success ; viz, 1 . The length of a pendulum that vibrates se¬ 
conds of mean time ; 2. The length of a certain division or 
arc of the meridian. 

The first of these methods is liable to this iuconveniente, 
that the length of a seconds pendulum varies in different 
latitudes, increasing from the equator to the poles, owing 
to the spheroidical figure of the earth. The second me¬ 
thod is liable to a'similur inconvenience; as, from the 
same cause, the degrees of the meridian must also increase 
from the equator to the poles. Sir I. Newton calculated 
that the equatorial diameter of the earth is to the polar 
diameter, as 230 to 229 ; and therefore that on different 
parts of the earth's surface the weight of the same body 
is different, according as it is more or less distant from 
the centre of the earth ; so that the length of a pendulum, 
vibrating any equal portions of time, must increase from the 
equator to the poles; and the degrees of the meridian must 
also increase on account of the curvature of the oblate 
spheroid. 

/ Several measurements have been made in different lati¬ 
tudes, both of the lengths of the pendulum vibrating se¬ 
conds, and of life degrees of the meridian ; and they have 
been found nearly to agree with the above theory. Hence 
it appears, that a universal standard cannot be obtained 
from any of these methods, unless all nations were to agree 
that the trial or measurement should be made in some 
particular latitude ;—an agreement that is never likely to 
take place. Such methods however may be usefully ap¬ 
plied, to preserve the standards already established suffi¬ 
ciently correct for all practical purposes. 

liuygens, in his Ilorol. Oscil. proposes, for this pur¬ 
pose, the length of a pendulum that should vibrate se¬ 
conds, measured from the point of suspension to the point 
of oscillation: the 3d part of such a pendulum tp be 
called horary foot, and to serve as a standard to which the 
measure of all other feet might be referred. But this 
VOL. II. 


measure, in order to its being universal, supposes that the 
action of gravity is the same on every part of the earth’s 
surface, which is contrary to fact: for which reason it 
would really serve only for places under the same parallel 
of latitude: so that, if all latitudes were to have its foot 
equal to the 3d part of the pendulum \ibrating seconds 
there, every different latitude would still ha\c a different 
length of foot. And besides, the difficulty of measuring 
exactly the distance between the centres of motion and 
oscillation are such, that hardly any two measures would 
make it the same quantity. 

Since that time, various other expedients have been pro¬ 
posed for establishing a universal measure. In 177.9, a 
method was proposed to the Society of Arts, &e, by a 
Mr. Hatton, in consequence of a premium, which had 
been 4 years advertised by that institution, of a gold me¬ 
dal, or 100 guineas, 1 for obtaining invariable standards 
for weights and measures, communicable at all times and 
to all nations.' Mr. Hatton’s plan consisted in the appli¬ 
cation of a moveable point of suspension to one and the 
same pendulum, in order to produce the full and absolute 
effect of two pendulums, the difference of whose lengths 
was the intended measure. Mr. Whitehurst much im¬ 
proved on this idea, by very curious and accurate ma¬ 
chinery, in bis tract published 1787, entitled An Attempt 
towards obtaining invariable Measures of Length, Capa¬ 
city, and Weight, from the Mensuration of Time, &c. 
Mr. Whitehurst's plan is, to obtain a measure of the great¬ 
est length that conveniency will permit, from two pen¬ 
dulums whose vibrations are in the ratio of 2 to 1, and 
whose lengths coincide with the English standard in whole 
numbers. The numbers he has chosen show great inge¬ 
nuity. On a supposition that the length of a seconds 
pendulum, in the latitude of London, is S9‘2 inches, the 
length of one vibrating 42 times in a minute, must be 60 
inches; and of another vibrating 84 times in a minute, 
must be 20 inches; their difference, 60 inches or 5 feet, 
is his standard measure. By his experiments, however, 
the difference in the lengths of the two pendulums was 
found to be 59*892 inches, instead of 60, owing to the 
error in the. assumed length of the seconds pendulum, 39*2 
inches being greater than the truth. Mr. Whitehurst has 
however so far accomplished his design, as to show how an 
invariable standard may, at all times, be found for the 
same latitude, lie has also ascertained a fact, as accu 
rately as human powers seem capable of ascertaining it, of 
great consequence in natural philosophy: which is, that 
the difference between the lengths of the rods of two pen¬ 
dulums whose vibrations are known, is a datum from 
which may be derived the true length of pendulums, the 
spaces through which heavy bodies fall in a given time, 
with many other particulars relative to the doctrine of 
gravitation, the figure of the earth, &c, &c. The result 
deduced from this experiment is, that the length of a se¬ 
conds pendulum, vibrating in a circular arc of 3° 20', is 
39 ’119 inches very nearly; but 'vibrating in the arc of a 
cycloid it would bc39'la(> inches; and hence, heavy bo¬ 
dies will fall, in the first second of tlicir descent, 1 6*094 
feet, or l6 feet inch, very nearly. 

The other method, of deriving a standard from an arc 
of the meridian, has been lately executed in France; and 
it is said to possess the advantage over the pendulum me¬ 
thod, of being on u larger scale; as any error in this 
operation must be diinininished by subdivision; whereas, 
an error in the small standard must be increased by mul- 
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tiplication. But this method is objected to, on account of 
the inequality in the earth's surface; for it has been found 
that the degreesof the meridian vary in different longitudes, 
even in the same latitude. 

The mathematicians who adopted this plan, objected to 
the pendulum method, as depending on two different ele¬ 
ments, viz, gravitation and time. But gravitation is uni¬ 
form in the same latitude ; and time is universally so, as 
depending on the regularity of the earth's diurnal rotation 
on its axis, which has never been found to vary, notwith¬ 
standing the inequality in its periodical revolution.—Thus 
it appears that superior accuracy cannot be ascribed to 
the meridian method ; and as the chief use of an original 
standard from nature, is to restore lost measures; if two 
methods arc equally correct, that which can be performed 
with the greater convenience, ought to be preferred ; and 
in this view the pendulum must have a decided pre¬ 
ference, as affording the readier means of recurring to the 
original. 

Be that however as it may, the fundamental standard 
adopted in France, for the new system of weights and 
measures, is a quadrant of the meridian. This quadrant 
is divided into ten millions of equal parts; and one of 
these parts or divisions is called a Metre, which is adopted 
as the unit of length; and from which, by decimal mul¬ 
tiplication and division, all other measures arc derived. 
The length of the quadrant has been computed, by mea¬ 
suring an arc of the meridian, between the parallels of 
Dunkirk and Barcelona; and its length has been thus 
found equal to 5130740 French toises. This quantity, 
divided by ttfh millions, gives 443‘296 lines = 36'*9413 
French inches = 39*3702 English inches, for the length 
of the metre. 

In order to express certain decimal proportions, the fol¬ 
lowing vocabulary has been adopted. The word Deca 
prefixed, means 10 limes ; Hecto, 100 times; Kilo, 1000 
times; and Myria 10,000 times. On the other hand, the 
word Deci expresses the 10th part; Centi, the 100th part; 
and Milli, the 1000th part: thus a decametre, means 10 
metres; a decimetre, the 10th part of a metre; a hec¬ 
tometre, 100 metres; a centimetre, the 100th part of a 
metre;'and so of the rest. 

The metre then being the clement of long measures; 
the Are, which is a square decametre, is the element of 
superficial measures; the Stcrc, which is a cubic metre, is 
the clemon^ of solid measures; the Litre, which is a cubic 
decimetre, is the element of liquid measures, and of all 
other measures of capacity; and lastly, the Gramme, which 
is the weight of a cubic centimetre of distilled water, is the 
element for all weights. 

A third standard has been proposed, viz, the spnee that 
a heavy body would freely fall through in a second of 
time* which in the latitude of London has been found to 
be nearly. lG-iVs feet. But this, like the above standards, 
must vary in different latitudes; and the operation is be¬ 
sides extremely difficult to be performed with accuracy. 

The ancients mostly adjusted their standards by the 
dimensions of some durable buildings. In Egypt, the base 
of one of the pyramids was used ; and it is stated by Pnuc- 
ton, that a degree of the meridian was also measured there 
at a very early period, by which the Greeks and Romans 
adjusted their standards. 

Measure, in a legal, commercial, ami popular sense, 
denotes a certain quantity or proportion of any thing, 
bought, sold, valued, or the like. The regulation of 


weights and measures ought to be universally the same 
throughout the nation, and indeed all nations; and they 
should therefore be reduced to some fixed rule or standard. 
Measures are various, according to the various kinds or di¬ 
mensions of the things measured. Hence arise 

Lineal or Longitudinal Measures, for lines or lengths: 
Square Measures, for areas or superficies: and 
Solid or Cubic Measures, lor the solid contents and 
capacities of bodies. 

The standards of English weights and measures, like 
those of all other countries, arc uncertain in their origin. 
That of long measure is said to have been fixed in the 
year 1101, by Henry the 1st, who ordained that the an¬ 
cient ulr.a or arm, which answers to the modern yard (the 
Saxon gyrd or girth), should be adjusted to the length ol 
his arm. This standard is subdivided into feet, inches, 
and barley-corns; and multiplied into poles, furlongs, 
miles, &c. The standards of English weights appear to 
have been originally from grains of wheat; 32 of which 
were directed, by the Compositio Mcnsururuin, to make a 
pennyweight, and 20 pennyweights an ounce. 

The standards, both of English weights and measures, 
are chiefly kept in the Exchequer at Westminster, from 
which copies arc taken, and committed to the care of ma¬ 
gistrates and other officers, in different parts of the king¬ 
dom, who are empowered to examine the weights und 
measures of their respective districts, and to condemn 
such as are found erroneous. From the Exchequer, 
standards arc obtained for public offices, and also for in¬ 
dividuals, with indentures or licences for sizing, adjusting, 
and vending weights and measures. The principal office 
of this kind is at Guildhall, London, where several an¬ 
cient standards are kept, and occasionally compared with 
those of the Exchequer. Here the avoirdupois weights, 
which arc oust by the Founders’Company, lor the use of 
the city and for other purchasers, are sized and scnlcd; 
and measures of capacity are likewise adjusted. Standards 
arc also kept at the Tower, particularly for troy weight. 
By these regulations u uniformity of weights and mea¬ 
sures is established throughout the kingdom ; but mea¬ 
sures of capacity, particularly those for corn, vary consi¬ 
derably in different places. 

In the year 1758, a committee of the House of Cbm- 
mons was appointed, to inquire into the standards of Eng¬ 
lish weights and measures. It was composed chiefly of 
men of science; who were assisted in their researches by 
several eminent mathematicians and mechanists. The 
report of this committee, which is printed in the minutes 
of the house, contains the most full and authentic state¬ 
ment of the English weights and measures perhaps ever 
published ; and ns no alteration in them has since taken 
place, the substance of the report is here given, with some 
account of the proceedings of the committee. 

From the report it appears, that the subdivisions of the 
original standards, at the Exchequer and at Guildhall, do 
not perfectly agree in their various combinations. Their 
differences however arc very small, and arc of the less im¬ 
portance, as the principal standards of long measures and 
of weights are sufficiently correct. 

With respect to the measures of capacity, considerable 
differences were found to exist in the subdivisions; as well 
ns a great diversity in the corn bushel in .different parts of 
the kingdom, notwithstanding the numerous acts of par¬ 
liament which had been passed to enforce uniformity. Ir> 
all these acts, the Winchester bushel is stated to be the 
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only legal one. This is the bushel now used at the port of 
London, at Mark-lane, and at Guildhall; and yet it does 
not exactly agree, cither in shape or contents; with the 
standard bushel at the Exchequer. 

As to the different kinds of weights, the committee re¬ 
commended that the troy pound should be made the unit 
or standard, by which the avoirdupois and other weights 
should be regulated; because it is the weight best known 
to our laws, and that which has been longest in use; that 
by which our coins are weighed, and which is best known 
to the rest of the world; that to which our learned coun¬ 
trymen have referred, in comparing ancient and modern 
weights; and that which has been divided into the smallest 
proportions or parts. 

Indeed this pound (called by the Romans the pondus 
or weight, and also the libra or balance,) is the most ge¬ 
neral standard or unit for weights, as the foot is for mea¬ 
sures ; and it is remarkable that both have been divided 
into the same number of equal parts, and that their divi¬ 
sions were anciently called by the same name, uncia, 
which signifies the 12lh part of a whole. Hence, the ounce 
and inch have one common derivation, the former being 
called uncia librce, and the latter uncia pedis. 

The committee, having found some variations in the di¬ 
visions and multiples of the standard troy pound at the 
Tower, caused it to be divided into halves, quarters, 
eighths, &c, down to the 1000th part of a grain. These 
divisions were made with so much accuracy, as to answer 
their due proportions in every possible combination; and 
for the purpose of ascertaining them with the greatest cor¬ 
rectness, a very curious weighing apparatus was con¬ 
structed by Mr. Bird, which is still carefully preserved in 
the Mint. It is adapted to five different beams, which 
ascertain the weights from 12 ounces down to 1 grain, and 
with so much exactness as to discern an error to the 
2000th part of a grain. By this apparatus it has been 
found that the brass standard avoirdupois pound, kept in 
the Mint, weighed exactly 7000 grains; and it was fur¬ 
ther ascertained that this pound perfectly agreed with the 
bell standard pound (of 1588) at the Exchequer, and also 
with the bell standard pound at Guildhall. 

. The Royal, Society of London have paid very laudable 
attention to the subject of weights and measures, at dif¬ 
ferent periods, particularly in 1768, under the manage¬ 
ment of Dr. Ma^kclyne the astronomer-royal, and in 1798, 
under that of Sir George Shuckburgh ; as may be seen in 
the Philos. Trans, of those years. And the same has been 
done by the Society of Arts in London, as before noticed. 
In 1802, M. Pictet, professor of philosophy at Geneva, 
made the following trials of the different English standards 
of length, by a scale constructed with great accuracy by 
Mr. Trough ton, of London ; and by means of a comparer 
made by'the tame ingenious artist, capable of showing 
differences to the 10,000th part of a'n inch. The follow¬ 
ing results were from trials made on several standard 
yards, in the temperature of 02° of Fahrenheit's thermo¬ 
meter. 

Parliamentary standard of 1758, by Bird 36*00023Inche*. 
Royal Society's ditto, also made by Bird 35*99955 
Ditto, by Mr. Graham - - 36*00130 

Exchequer standard % - 35*99380 

Tower standard - - - - 36*00400 

Genera) Roy's do. (for the trigoru survey) . 36*00036 
- , The above statemept was presented by M. Pictet to the 


National Institute of France; when, by several trialswith 
the same apparatus, the new French metre was found to be 
30*371 English inches, which in 1800 had been found by 
the Royal Society of London to be 39*3702, from a com¬ 
parison with two toises sent by M. Lalandc to Dr. Maske- 
lync. Sec the article Weights, also Kelly's Universal 
Cambist. 

In the spring of the year 1814, the English parliament 
again took into consideration the forming general stand¬ 
ards of uniform measures and weights, which might be 
conveniently used in all the British dominions. For this 
purpose, a committee of their members was appointed, 
who, after consulting and examining some learned scien¬ 
tific men, delivered in their report, the results of which arc 
the following: 

1. The committee recommended that the brass stand¬ 
ard yard kept in the Court of Exchequer should be 
adopted and considered as the original standard measure; 
as divided into 3 feet, and each foot into 12 inches, or the 
yard 36 inches.—2. The committee then assert that the 
simple pendulum vibrating seconds in the latitude of Lon¬ 
don, in the temperature of 56$ degrees of Fahrenheit's 
thermometer, has been found to measure 39'13 such 
inches.—3. That a cubical foot of pure or distilled water 
weighs just 1000 ounces avoirdupois; and that therefore 
the avoirdupois weight will be the most convenient to 
adopt for the general weight of the country, the pound 
being divided into l6 ounces, and the ounce into l6 
drachms. That, as a cubical foot of water weighs 1000 
ounces, therefore,'by proportion, the pound or 16 ounces 
of water will contain 27*648 cubic inches; from which 
all other weights, above and below the pound, are to be 
estimated proportionally.—i.That,as the standard weights 
are thus derived from the lineal measures,so the measures 
of capacity arc recommended to be derived from the stand¬ 
ard weights, in this manner; viz, that the gallon measure 
shall contain 10 pounds weight of water; consequently that 
the table of measures of capacity will be as follows; 

The gallon of 10 lb. = 276*48 cubic inches. 

The bushel = 8 gallons = 80 lb. = 2211*84 cub. inch. 

The quart. = } gallon'= 40 oz. = 69*12 cub. inch. 

The pint = -J- gallon = 20 oz. = 34*56 cub. inch. 

The half pint = 10 oz. = 17*28 cub. in. or 

of a cub. ft. 

For the committee's report at large, see the Philosophi¬ 
cal Magazine, vol.44, pa. 171. 

The several measures used in England, arc as in the fol¬ 
lowing tables : 

' 1. English Long Measure . t 

Barley Corns 

3 = 1 Inch 

36 = 12 = 1 Foot - 

108 = 36 = 3 = 1 Yard 

594,= 198= 16£= 5*= * 1 Pole 

23760 = 7920 = 660 = 220 = 40 = 1 Furlong 

190082 = 63360 = 5280 = 1760 = 320 = 8 = 1 Mile 

Also, 4 • Inches = 1 Hand 

6 Feet, or 2 yds = 1 Fathom 

3 Miles = 1 League 

60 Nautical or Geograph. Miles = I Degree 

or • 69 t j Statute Miles = 1 Degree nearly 

360 Degrees, or 24,864 Miles nearly = the cir¬ 
cumference of the meridian. 

F 2 
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2. Cloth Measure. 

Inches 

2* = I Nail 
y = 4=1 Quarter 
30 =10 = 4=1 Yard 

27 = 12 = 3 = 1 Ell Flemish 

45 = 20 = 5 = 1 Ell English 

54 = 24 = 0 = 1 Ell French. 


Inches 


3. Square Measure. 


144 = 1 Foot 

1290 = 9 = 1 Yard 

39204 = 272£ = 30{ = 1 Pole 

1509100 = 10890 = 1210 = 40 = 1 Rood 

0272040 = 43500 = 4840 = 100 = 4 = 1 Acre. 


4. Solid, or Cubical Measure. 

Inches 


1728 = 1 Foot 


40056 = 27 = I Yard 


„ 5. Wine Measure. 

Pints 

2 = 1 Quart 

8 = 4 = 1 Gallon = 231 Cubic Inches 

336 = 108 = 2 =1 Tierce 
504 = 232 = 3 = 1| = 1 Hogshead 

672 = 330 = *4 = 2 = I-} = 1 Puncheon 

100S = 504 = 120 — 3 = 2 = 11 = 1 Pipe 

2016 = 1008 = 252 = 0 = 4 = 3 = 2 =1 Tun. 


Also, 231 Cubic Inches = 1 Gallon 

10 Gallons = 1 Anker 

18 Gallons = 1 Runlet 

31^ Gallons = 1 Barrel. 

0. Ale and Beer Measure. 

Pints ' 

2 ~ 1 Quart 

8 = 4 = 1 Gallon = 282 Cubic Inches 

72 = 36 = 9 = 1 Firkin 

144 = 72 = 18 = 2 =1 Kilderkin 

288 = 144 = 36 = 4 = 2 = 1 Barrel 

432 = 216 = 54 = 6 = 3 =14 = 1 Hogshead 

570 = 288 = 72 = 8 = 4 = 2 = 1 j = 1 Puncheon 

864 = 432 = 108 = 12 = 6 = 3 =2 =14= iButt 

Note, The Ale gallon contains 282 inches., 

7. Dry Measure. 

Pints 

8 = 1 Gallon = 268£ Cubic Inches 

16 = 2 = 1 Peck 

04 = 8 = 4=1 Bushel 

256 = 32 = 16 = 4 = 1 Coom 

512 = 64 = 32 = 8 = 2 = 1 Quarter 

2500 = 320 = 160 = 40 = 10 = 5 =1 Wcy 

5120 = 040 = 320 = 80 = 20 = 10 = 2 *= *1 Last. 

Also, 2684 Cubic Inches = 1 Gallon, 
and 30 Bushels of Coals = 1 Chaldron. 


8. Proportion of the Ismg Measures of several Nations to the English Foot, 


Thousandth 

Part*. 


English 

Paris 

Rynland, or Leyden 

Amsterdam 

Brill 

Antwerp 

Dort 

Lorrain - ' 

Mechlin 

Middleburg 

Strasburg 

Bremen 

Cologn - - - 

Frankfort ad Mscnum 

Spanish 

Toledo 

Roman 

On the monument of \ 
Cestius Statilius j 
Bononia 

Mantua - 

Venice 

Dantzic 

Copenhagen - 

Prague 

Riga 

Turin 

The Greek 

Old Roman 

Lyons - ■* 

Bologna •* 


foot 

foot 

fool 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

foot 

fool 


1000 
10054 

1033 

942 

1103 

940 

1184 

958 

919 
991 

920 
964 
954 
948 

1001 

899 

967 


Inches. 

12-000 
12-792 

12- 390 
11-304 

13- 230 
11-352 

I 4-208 

II -490 
11028 
11-892 
1 1-040 
11-568 
1 1448 
1 1-370 
12*012 
10-788 
I 1-G04 


fool 972 11-604 

foot 1204 14-448 

foot 1569 18-838 

foot 1102 13-944 

foot 944 11-328 

fool 905 11-580 

fool 1026 12-312 

foot 1831 21-972 

fool 1062 12-744 

foot 1007 12-084 

foot 970 11-640. 

ell 3067 47-604 

ell 2076 24-912 


Amsterdam 

Antwerp 

Rynland, or Leyden 

Frankfort 

Hamburg 

Leipsic 

l.ubeck 

Noremburg 

Bavaria ' 

Vienna 

Bononia 

Dantzic 

Florence 

Spanish, or Castile 

Spanish 

Lisbon , - 

Gibraltar 

Toledy 

Naples 

Genoa 

Milan 

Parma 

China 

Cairo 

Old Babylonian 
Old Greek 
Old Roman 
Turkish 
Persian 



Thousandth 

Pans. 

Inches. 

ell 

2269 

27-228 

ell 

2273 

27-276 

ell 

2260 

27-120 

ell 

1826 

21 -912 

ell 

1905 

22-860 

ell 

2260 

27-120 

ell 

1908 

22-896 

ell 

2227 

26-724 

ell 

954 

11-448 

ell 

1053 

12-636 

ell 

2147 

25-764 

ell 

1903 

22-836 

ell 

1913 

22-956 


- palm 

- vare 

- vare 

- varfc 

- vare 
f palm 
4 brace 
(.canna 

- palm 
calamus 

- cubit 

- cubit 

- cubit 

- cubit 

- cubit 

- cubit 

- pike 
arasb 


751 
3004 
2750 
2760 
2685 
861 
2100 
6880 
630 
0544 
I860 
1016 
1824 
1520 
15 M 
1458 
2200 
3197 


9-012 

30-040 

33-000 

33-120 

32-220 

10-332 

25-200 

82-560 

U-960 

78-528 

22-392 

12-192 

21-888 

18-240 

18-132 

17-496 

26*400 

38*364 
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MEASURING, the same as Mensuration. 

MECHAIN (Pierre-Fran^ois-Andre), a member 
of the National Institute, and ot the Board of Longitude, 

F. r. s. Loud. &c, was born at Laon, in the department 
of Aisne, April 16', J744, and died in the province of 
Valencia in Spain, of an epidemic disorder, as he was pro¬ 
secuting the measurement of an arc of the meridian, Sept. 
20, 1805.—Having shown at an early age a good taste for 
mathematics. Mccliain was sent to Paris, where he was 
patronized by M.Lalandc, was entered in the depot of the 
marine, and afterwards jnadc two voyages with M. Brc- 
tonnierc, to survey the coasts of France from Neuport to 
St. Maloes. The first memoirs which made him known as 
an astronomer, were on the occultation of Aldebaran, 
which had been observed in 1744, on the great eclipse of 
thesun in 1778, and on the opposition ol Jupiter in 1779- 
After this period, he rapidly advanced to celebrity, became 
in 1782 a member of the French Academy, and in 1785 
was intrusted with the direction of the Connoissance des 
Temps, the volumes of which, from 1788 to 1794, "ore 
greatly enriched by his memoirs—He was also united with 
MM. Cassini and Legendre in measuring a series of trian¬ 
gles, to correspond with those of the English mathemati¬ 
cians, for the purpose of rectifying the relative positions of 
the observatories of Greenwich and Paris ; of which Me- 
chain gave details in the Memoirs of the Academy. When 
the Academy also was consulted by the Constituent As¬ 
sembly, on the choice of a new system of measures, and 
proposed for the base of this measure, a quarter of the 
earth's meridian, the length of which arc was to be ascer¬ 
tained with the greatest possible exactness, M. Mechain 
was one of those who were appointed to this important un¬ 
dertaking. I he arc proposed to be measured extended 
from Dunkirk to Barcelona, which he continued to labour 
upon till 1798, when he returned to Paris. But, to com¬ 
plete that work, he wished to continue it as far as the 
Balearic islands, for which purpose he set out again in 
1803. He had already, with vast difficulty, revisited all 
the stations, and completed the observations at three of 
them, when he was cut off by a fever which prevails every 
year on the coast of Valencia, by reason of the morasses 
produced from the overflowing of the rivers. 

In his character, M. Mechain is represented as remark¬ 
ably modest and silent, seldom speaking at the meetings of 
the society. Before his last expedition it seems he in¬ 
trusted to M. Delambrc all his registers and manuscripts, 
extracts from which, it is said, will contribute more to 
Mcchain’s praise than the most eloquent oration. 

MECHANICS, n mixed mathematical science, that 
treats of forces, motion, and moving powers, with their 
effects in machines, &c. The science of mechanics i9 
distinguished, by Sir Isaac Newton, into practical and ra¬ 
tional ; the former treats of the mechanical powers, and 
of their various combinations ; the latter, or rational me¬ 
chanics, comprehends the whole theory and doctrine of 
forces, with the motions and effects produced by them. 

That part of mechanics which trenlsof the weight, gra¬ 
vity, and equilibrium of bodies and powers,.is called 
statics; as distinguished from that part which considers 
the mechanical powers, and their application, which is 
properly called mechanics. 

Some of the principles of statics were established by 
Archimedes, in bis Treatise on the Centre of Gravity of 
Plane Figures: besides which, little more on mechanics is 
to be found in tlie writings of the ancients, except what i» 
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contained in the 8th book of Pappus’s Mathematical Col¬ 
lections, concerning the five mechanical powers. Galileo 
laid the best foundation of mechanics, w hen he investigated 
the descent of heavy bodies ; and since his time, by the 
assistance of the new methods of computation, a great pro¬ 
gress has been made, especially by Newton, in his Princi- 
pia, which is a general treatise on rational and physical 
mechanics, in its largest extent. Other writers on this 
science, or some branch of it, are, Guido L’baldus, in his 
Liber Mechanicorum ; Torricelli, Libri de Motu Gravium 
naturaliter Descefidcntiurn et Projectorum ; Balianus. 
Tractatus de Motu naturali Gravium ; Huygens, Horolo¬ 
gium Oscillatorium, and Tractatus de Motu Corporum ex 
Percussione; Leibnitz, Resislentia Solidorum, in Acta 
Lruditor. an. 1(>S4; Guldinus, De Centro Gravitatis; 
Wallis, Tractatus de Mechanica ; Variguon, Projct d’uno 
Nouvellc Mechaniquc, and his papers in the Memoir. 
Acad. an. 1702; Borelli, Tractatus De Vi Percussionis, 
De Motiombus Naturalibus a Gravitate pendentibus, and 
De Motu Animalium ; De Chales, Treatise on Motion; 
Pardies, Discourse of Local Motion ; Parent, Elements of 
Mechanics and Physics ; Casatus, Mechanica ; Oughtred, 
Mechanical Institutions; Kohault, Tractatus de Mecha¬ 
nica; Lamy, Mechaniquc; Kcill, Introduction to true 
Philosophy; Lahire, Mechaniquc; Mariotte, Trait* du 
Choc des Corps; Ditton, Laws of Motion; Herman, 
Phoronoinia ; Gravcsandc, Physics; Euler, I ractatus de 
Motu; Musschenbroek, Physics; Bossut, Mechaniquc; 
Doagulicrs, Mechanics; Kowning, Natural Philosophy; 
Emerson, Mechanics; Parkinson, Mechanics; Lagrange, 
Mechaniquc Anulytique; Nicholson, Introduction to Na¬ 
tural Philosophy; Enfield, Institutes of Natural Philoso¬ 
phy, &c, &c. As to the Description of Machines, see 
Strada, Zeisingius, Besson, Augustincde llamellis, Boeller, 
Leopold, Sturmy, Pcrrault, Limberg, Emerson, Royal 
Academy of Sciences, Gregory’s Mechanics, &c. 

In treating of machines, we should consider the weight 
that is to be raised, the power by which it is to be raised, 
and the instrument or engine by which this effect is to be 
produced. And, in treating of these, there are two prin¬ 
cipal problems that present themselves: the first is, tode^ 
terminc the proportion which the power and weight ought 
to have to each other, that they may just be in equilibrio ; 
the second is, to determine what ought to be the proportion 
between the power and weight, that a machine may pro¬ 
duce the greatest effect in a given time/ All writers on me¬ 
chanics treat on the first of these problems ; but few have 
considered the second,though not less useful than theothcr. 

As to the first problem, this general rule holds in all 
powers, namely, that when the power and weight are reci¬ 
procally proportional to the distances of the directions in 
which they act, from the centre of motion ; or when the 
product of the power by the distance of its direction, is^ 
equal to the product of the weight by the distance of its 
direction ; this is the case in w hich the power and weight 
sustain each other, and arc in equilibrio; so that the one 
would not prevail over the other, if the engine ( werc at 
rest; and if it were in motion, it would continue to pro¬ 
ceed uniformly, if it were not for the friction of its parts, 
and other resistances. And, in general, the effect of any 
power, or force, is as the product of that force multiplied 
by the distance of its direction from the centre of motion,, 
or tlmproduct of the power and its velocity when iu mo¬ 
tion, since this velocity is proportional to the distance frouii 
that centre. • .... 
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Maximum effects of Machines .— I his second general 
problem in mechanics, is, to determine the proportion be¬ 
tween the power and weight, so that when the power pre¬ 
vails, and the machine is in motion, the greatest effect pos¬ 
sible may be produced by it in a given time. It is manifest, 
that this is an inquiry of the greatest importance, though 
few have treated of it. When the power is only a little 
greater than what is sufficient to sustain the weight, the 
motion usually is too slow; and though a greater weight 
he raised in this case, it is not sufficient to compensate lor 
the loss of time. On the other hand, when the power is 
much greater than what is sufficient to sustain the weight, 
this is raised in less time ; but it may happen that this is 
not sufficient to compensate for the loss arising from the 
smallness of the load. It ought therefore to be determined 
when the product of the weight multiplied by its velocity, 
is the greatest possible ; for this product measures the ef¬ 
fect of the engine in a given time, which is always the 
greater in proportion both as the weight is greater, and as 
its velocity is greater. For some calculations on this pro¬ 
blem, see Maclaurin’s Account of Newton’s Discoveries, 
pa. 171, «Jvc; also his Fluxions, art. f)OS See; Gregory’s 
Mechanics; also vol. 3 of my Course of Mathematics, 
chap.xi. And, for the various properties in mechanics, 
sec the several terms Motion, Force, Mechanical 
Powers, Lever, See. 

MI-XHANIC, or Mechanical, something relating to 
mechanics, or regulated by the nature and laws of motion. 

Mechanical is also used in mathematics, to signify a 
construction or proof of some problem, not done in an ac¬ 
curate and geometrical manner, but coarsely and unart- 
fully, or by the assistance of instruments; ns urc most 
problems relating to the duplicaturc of the cube, and the 
quadrature of the circle. 

Mechanical Affections, such properties in matter, as 
result from their figure, bulk, and motion. 

Mechanical Causes, arc such as arc founded on Me¬ 
chanical Affections. 

Mechanical Cume, called also Transcendental , is one 
whose nature cannot be expressed by a finite algebraical 
equation. 

Mechanical Philosophy, also called the Corpuscular 
Philosophy, is that which explains the phenomena of na¬ 
ture, and the operations of corporeal things,* on the princi¬ 
ples of mechanics ; viz, the motion, gravity, figure, ar¬ 
rangement, disposition, greatness^ or smallness of the parts 
which compose natural bodies. 

Mechanical Solution, ofa problem,is cither when the 
thing is done by repeated trials, or when the lines used in 
the solution arc not truly geometrical,, or by organical 
construction. 

Mechanical Powers, arc certain simple machines 
which are used for raising greater weights, or overcoming 
greater resistances than could be effected by the natural 
strength without them. 

These simple machines are usually accounted six in 
•number, viz^ the lever, the wheel-nnd-axle, or axis in 
pcritrochio, the pulley, the inclined plane, the wedge, 
and the screw. Of the various combinations of these 
simple powers do all engines, or compound machines con- 


which may be added the following general observations on 
them all, in a connective way. 

1. A Lever, the most simple of all the mechanic powers, 
is an engine chiefly used to raise large weights to small 
heights; such as a handspike, when of wood ; and a crow, 
when of iron. In theory, a lever is considered as an in¬ 
flexible line, like the beam ofa balance, and subject to the 
same proportions; only that the power applied to it, is 
commonly an animal power; and from the different ways 
of using it, or applying it, it is called a lever of the first, 
second, or third kind: viz, of the 1st kind, when the 
weight is on one side of the prop, and the power on the 
other; of the 2d kind, when the weight is between the 
prop and the power; and of the 3d kind, when the power 
is between the prop and the weight. 

Many of the instruments in common use, arc levers of 
of the three kinds; thus, pincers, sheers, forceps, 


one 


snuffers, and such like, are compounded of two levers of 
the first kind ; for the joint about which they move, is the 
fulcrum, or centre of motion ; the power is applied to the 
handles, to press them together; and the weight is the 
body which they pinch or cut. The cutting-knives used 
by druggists, patten-makers, block-makers, and some other 
trades, are levers of the 2d kind : for the knife is fixed by 
a ring at one end, which makes the fulcrum, or fixed point; 
while the other end is moved by the hand, or power; and 
the body to be cut, or the resistance to be overcome, is the 
weight. Doors arc levers of the 2d kind ; the hinges being 
the centre of motion; the hand applied to the lock is the 
power; while the door or weight lies between them. A 
pair of bellows consists of two levers of the 2d kind ; the 
centre of motion is where the ends of the boards are fixed 
near the pipe; the power is applied at the handles; and 
the air pressed out from between the boards, by its re¬ 
sistance, acts against the middle of the boards like u weight. 
The oars of a boat arc levers of the 2d kind: the fixed 
point is the blade of the oar in the water; the power is 
the hand acting at the other end ; and the weight to be 
moved is the boat. And the same of the rudder of a 
vessel. Spring sheers and longs arc levers of the 3d kind; 
where the centre of motion is at the bow-spring at one 
end; the weight or resistance is neted on by the other 
end ; und the hand or power is applied between the ends. 
A ladder raised by a man against a wall, is a lever of tho 
3d kind : and so arc'also almost all the bones and muscles 
of animnls. 

In all levers, the effect of any power or weight, is both 
proportional to that power or weight, and also to its 
distance from the centre of motion. And hence it is that, 
in raising great weights by a lever, we choose the longest 
levers; and also rest it upon a point as far from the hand 
or power, and ns .pear to tfic weight, as possible. Iiencc 
also there will be an equilibrium beLwccn the power and 
weight, when those two products are equal, viz, the power 
multiplied by its distance, equal to the weight multiplied 
by its distance ; that is, when the weight and power are 
to each other reciprocally as their distances from the ful¬ 
crum or fixed parts. 

2. Thc'Axit in Peritrochio, or Wheel and Aslcf is a sim¬ 
ple engine consisting of a wheel fixed upon the end of an 
sist: and in treating of them, so as to settle their theory ' axle, so that- they both turn round together in the same 
and properties, they are considered ns mathematically time. This engine may be referred to the lever: for tho 
exact, or void of weight and thickness, and moving,with- centre of the uxis, or wheel, is the fixed point; the radius 
out friction. Sec the properties and demonstrations of of the wheel is the distance of the power, acting at the 
each of these under the several words-LEVER, 6cc. To pircumfcrcncc of the wheel from that point; and the 
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radius of the axle is the distance of the weight from the 
same point. Hence the effect of the power, independent 
of its own natural intensity, is as the radius of the wheel; 
and the effect of the weight is as the radius of the axle: 
so that the two will be in equilibrio, when the two pro¬ 
ducts are equal, which are made by multiplying each of 
these, the weight and power, by the radius, or distance at 
which it acts ; and then also, the weight and power are 
reciprocally proportional to those radii. 

In practice, the thickness of the rope, that winds upon 
the axle, and to which the weight is fastened, is to be 
considered: which is done, by adding half its thickness to 
the radius of the axis, for its distance from the fixed point, 
when there is only one fold of rope upon the axle ; or as 
many times the thickness as there arc folds, wanting only 
one half when there arc several folds of the rope, one over 
another: which is the reason that more power must be 
applied when the axis is thus thickened ; as often happens 
in drawing water from a deep and narrow well, over which 
a long axle cannot be placed. 

If the rope to which the power is affixed, be successively 
applied to different wheels, whose diameters are larger and 
larger; the axis will be turned with still - more and 
more case, unless the intensity of the power be diminished 
in the same proportion ; and if so, the axis will always 
be drawn with the same strength by a power continually 
diminishing: as is the case in spring clocks and watches ; 
where the spiral spring, which is strongest in its action 
when first wound up, draws the fuzee, or continued axis 
in peritrochio, first by the smaller wheels, and as it un¬ 
bends and becomes weak, acts upon the larger wheels, in 
such a manner that the machinery is always carried round 
with the same force. 

As a small axis would be too weak for very great 
weights, and a large wheel would be not only expensive, 
but also inconvenient in its application, requiring more 
room than perhaps could be spared fot it; therefore, in 
order that the action of the power may be increased, with¬ 
out incurring either of those inconveniences, a compound 
axis in peritrochio is used, which is effected by combining 
wheels and axles by means of pinions, or small wheels, upon 
the axles, the teeth of which take hold of teeth made in 
the large wheels; as is seen in clocks, jacks, and other 
compound machines. And in such a combination of 
wheels and axles, the effect of the power is increased in 
tbc ratio of the continual product of all the axles, or 
small wheels, to that of all the large ones. Thus, if there 
be two small wheels and an axle, turning three large 
wheels; tbc axle being 2 inches diameter, and each of 
the small wheels 4 inches, while the large ones are 2 feet 
or 24 inches diameter; then 2 x 4 x 4 = 32 is the con¬ 
tinual product of the small diameters, and 24 x 24 x 24 
— 13824 is that of the large ones ; therefore 13824 to 32, 
or 432 to 1, is the ratio in which the power is increased : 
and if the power be a man, whose natural strength is 
equal, suppose, to 150 pounds weight, then 432 x 150 
= 648001b, or 28ton 18cwtfi4lb, is the weight He would 
be able to balance, suspended about the axle. 

3. A Single Pulley , is a small wheel, moveable round 
an axis, called its centre pin ; which of itself is not pro¬ 
perly one of the mechanical powers, because it produces 
no mechanical advantage, except convenience; for as the 
weight hangs by one end of the cord that passes over the 
pulley, and the power acts at the other end of the same, 
these act at equal distances from the centre or axis of mo¬ 


tion, and consequently the power is equal to the weight 
when in equilibno. So that the chief use of the single 
pulley is to change the direction of the power from up¬ 
wards to downwards, &cc, and to convey bodies to a great 
height or distance, without a person moving from his place. 
—But by combining several single pulleys together a con¬ 
siderable gain of power is made, and that in proportion 
to the additional number of ropes made to pass over 
them ; while it possesses at the same time the properties 
of a single pulley, by changing the direction of the action 
in any manner. N 

4. The Inclined Plane , is made by planks, bars, or 
beams, laid aslope; by which large and heavy bodies may 
be more easily raised or lowered, by sliding them up or 
down the plane ; and the gain in power is in proportion 
as the length of the plane to its height, or as radius to the 
sine of the angle of inclination of the plane with the ho 
rizon.—Indrawinga weight up an inclined plane, the powe r 
acts to the greatest advantage, when its direction is parallel 
to the plane. 

5. The IVedge , which resembles a double inclined plane, 
is very useful to drive in below very' heavy weights, to 
raise them but a small height, also in cleaving and split¬ 
ting blocks of wood, and stone, &c; and the power gain¬ 
ed, is in proportion of the slant side to half the thickness 
of the back. So that, if the back of a wedge be 2 inches 
thick, and the side 20 inches long, any weight pressing 
on the back will balance 20 times us much acting on the 
side. But the great advantage of a wedge lies in its being 
urged, not by pressure, but usually by percussion, as the 
blow of a hammer or mallet; by which means a wedge 
may be driven in below, and so be made to lift, almost 
any the greatest weight, as the largest ship, by a man 
strikin'* the back of a wedge with a mallet.—To the wedge 
may be referred the axe or hatchet, the teeth of saws, the 
chisel, the auger, the spade and shovel, knives and swords 
of all kinds, as also the bodkin and needle, and in short 
all sorts of instruments which, beginning from edges or 
points, become gradually thicker as they lengthen; the 
manner in which the power is applied to such instruments, 
being different according to their different shapes, and the 
various uses for which they have been contrived. 

6. The Screw, is a kind of perpetual or endless inclined 
plane; tbc power of which is still farther assisted by tbc 
addition of a handle or lever, where the power acts; so 
that the gain in power, is in the proportion of the circum¬ 
ference described or passed through by the power, to the 
distance between thread and thread in the screw.—The 
uses to which the screw is applied, arc various ; as, the 
pressing of bodies close together; such as the press for 
napkins, for bookbinders, for packers, liotpressers, &c.— 
In the screw, and the wedge, the power has to overcome 
both the weight, and also a very great friction in those 
machines; such indeed as amounts sometimes to as much 
as the weight to be raised, or more. But then this friction 
is of use in retaining the weight and machine in its place, 
even after the power is taken oft'. 

If machines or engines could be made without friction,, 
the least degree of power udded to that which balances 
the weight, would be sufficient to raise it. In the lever, 
the friction is little or nothing; in the wheel-and-axlc, it 
is but small; in pulleys, it is very considerable; and in 
the inclined plane, wedge, and screw, it is very great! 

It is a general property in all the mechanical powers, 
that when the weight aud powor arc regulated so as to 
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balance each other, ami if they be then put in motion, 
the power and weight will be to each other reciprocally 
as the velocities of their motion, or the power is to the 
weight as the velocity of the weight is to the velocity ot 
the power; so that their two momenta are equal, viz, the 
product of the power multiplied by its velocity, equal to 
the product of the weight multiplied by its velocity- And 
hence too, universally, what is gained in power, is lost in 
for the weight moves as much slower as the power 


time 

is larger. 

Hence also it is plain, that the force of the power is 
not at all increased by engines; only the velocity ot the 
weight, either in lifting or drawing, is so diminished by 
the application of the instrument, as that the momentum 
of the weight is not greater than the force of the power. 
Thus, for instance, if a force can raise a pound weight 
with a given velocity, it is impossible by the application 
of that force to any engine to raise ‘2 pounds weight with 
the same velocity: but it may be made to raise'2 pounds 
weight with half the velocity, or even 1000 times the 
weight with the 1000th part of the velocity. 

See iMaclaurin's Account of Newton’s Philos. Discov. 
book *2, chap. 3 ; I lamilton's Philos. Ess. 1 ; Philos. Trans. 
53, pa. Il6; or Lamlen's Memoirs, vol. 1, pa- 1 ; or 
Gregory's Mechanics, vol. 1. 

MECHANISM, either the construction or the ma¬ 
chinery employed in any thing; as the mechanism of the 
barometer, of the microscope, &c. 

MEDIETATES, a term greatly used by Pappus, and 
some other authors, for sets of proportionals, both arithme¬ 
tical, geometrical, and harmonicul. See Pappus, lib.3, 
prop. 1 to prop. 27 ; also Viviani dc Solidis Locis, lib. 3, 
pa. SI to. 100; and Blondel .Resolution dcs 4 princip. 
Pfoblcmos d*Architecture, pa. 37. 

MEDIUM, the same as Mean, either arithmetical, geo¬ 
metrical, or harmonicul. 

Medium denotes also that space, or region, or fluid, 
&c, through which a body passes in its motion towards 
any point. Thus, the air, or atmosphere, is the medium 
in which birds and beasts live rind move, and in which a 
projectile moves; water is the medium in which fishes 
move ; and ether is a supposed subtile medium in which 
the planers move. Glass is also called a medium, being 
that through which the rays of light move add pass. Me¬ 
diums resist the motion of bodies moving through them, in 
proportion to their density or specific gravity. 

Subtile ox /Ethereal Medium, is an universal one, whose 
existence is by Newton rendered probable. He makes it 
universal; and vastly more rare, subtile, elastic, and active 
than air ; and by that means freely permeating the pores 
and interstices of all other mediums, and diffusing itself 
through the whole creation. By the intervention of this 
subtile medium he thinks it is that most of the great phe¬ 
nomena of nature arc effected. Sec /Etiieii. 

This medium it would seem he has recourse to, as the 
first and most remote physical spring, and the ultimate of 
all natural causes: by the vibrations of this medium, he 
supposes that heat is propugated from lucid bodies ; as also 
the intenseness of heat increased and preserved in Jiot bo- 


A"ain, this medium being much rarer within the heaven* 
l y bodies, than in the heavenly spaces, and growing denser 
as it recedes farther from them, he supposes this is the 
cause of the gravitation of these bodies towards each other, 
and of (lie parts towards the bodies. 

Again, from the vibrations of the same medium, excited 
in the bottom of the eye by the rays of light, and thence 
propagated through the capillamcnts of the optic nerves 
into thesensorium, he supposes that vision is performed: 
and so likewise hearing, from the vibrations of this or some 
other medium, excited in the auditory nerves by the tre¬ 
mors of the air, and propagated through the capillamcnts 
of those nerves into the sensorium : and so of the other 


senses. 


And again, he conceives that muscular motion is per¬ 
formed by the vibrations of the same medium, excited in 
the brain at the command of the will, and thence propa¬ 
gated through tlic capillamcnts ol the nerves into the 
muscles ; and thus contracting and dilating them. 

The elastic force of this medium, he shows, must be 
prodigiously great. Light moves at the rate of considera¬ 
bly more than 10 millions of miles in a minute ; yet the 
vibrations and pulsations ot this medium, to cause the fits 
of easy reflection and transmission, must be swifter tli&n 
light, which is yet 7 hundred thousand times swifter than 
sound. Its elastic force therefore, in proportion to its 
density, must be above 4<)0,000 million of times greater 
than the elastic force of the air, in proportion to its den¬ 
sity; the velocities and pulses of the clastic mediums, 
being in a subduplicate ratio of the elasticities, and the. 
rarities of the mediums, taken together. And thus it may 
be conceived that the vibration of this medium is the cause 
also of the elasticity of bodies. 

Farther, the particles of which it is composed being sup¬ 
posed indefinitely small, even smaller than those of light; 
if they be likewise supposed, like our air, endued with a 
repelling power, by which they recede from each other, 
the smallness of the particles may exceedingly contribute 
to the increase of the repelling power, and consequently to 
that of the elasticity and rarity of the medium ; by that 
means fitting it for the free transmission ol light, and the 
free motions of the heavenly bodies, in which the planets 
and comets may revolve without uny considerable resist¬ 
ance. If it be 700,000 times more elastic, and ns many 
times rarer, than air, its resistance will be above tiOO mil¬ 
lion times less than that of water ; a resistance that would 
cause no sensible alteration in the motion of the planets 
in ten thousand years. 

MlilBOMIUS (Marcus), a very learned person, of a 
family in Germany which had long been famous lor learned 
men, was born at Helmstadt in 15£)0. He devoted 
himself to literature and criticism, but particularly totbo 
learning of the ancients; such os their music, the structure 
of their galleys, &c. In 1052 he published a collection 
o£ seven Greek authors, who had written upon ancient 
music, to which he added a Latin version by himself. 
This work he dedicated to Queen Christinajbl Sweden; 
in consequence of which he received an invitation to that 
princess's court, like several other learned-men, which lie 
dies, and from them communicated'to cold ones. By accepted. The queen engaged him one day to sing an air 
means of this medium, he supposes that light is reflected, * of ancient music, while a person danced the Greek dances 


inflected, refracted, and put alternately into fits of easy re¬ 
flection and transmission ; which effects he also elsewhere 
ascribes to the power of attraction; so that it would seem, 
the ethereal medium is the source and cause even of at 
traction itself. 


to the sound of his voice; but the immoderate tnirth 
which‘this occasioned in the spectators, so covered him 
with ridicule, and disgusted him so vehemently, that he 
abruptly left the court o( Sweden immediately, after 
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heartily battering with his fists the face of Bourdclot, the 
favourite physician and buffoon to the queen, who had per¬ 
suaded her to exhibit that spectacle. 

Mcibomiuspretended that the Hebrew copy of the Bible 
was lull of errors, and undertook to correct them by means 
of a metre, which he fancied he had discovered in those 
ancient writings; but this it seems drew upon him no small 
raillery from the learned. Nevertheless, besides the work 
above mentioned, he produced several others, which showed 
him to be a good scholar; witness his Notes upon Dioge¬ 
nes Laertius in Menage’s edition ; his Liber de Fabrica 
Trircmium, l67L in which he thinks lie discovered the 
method in which the ancients disposed their banks of oars; 
In's edition of the Ancient Greek Mythologies; and his 
Dialogues on Proportions, a curious work, in which the 
interlocutors, or persons represented as speaking, are 
Euclid, Archimedes, Apollonius, Pappus, Eulocius, 
Theo, and Ilertnotimus. This last work was opposed by 
Langius, and by Dr. Wallis, in a considerable tract, 
printed in the first volume of his works. Meibomius died 
in lG6'8. 

MELODY, is the agreeable effect of different musical 
sounds, ranged or disposed in a proper succession, being 
the effect only of one single part, voice, or instrument; 
by which it is distinguished from harmony, which properly 
results from the union of two or more musical sounds 
heard together. 

MENISCUS, a lens or glass, convex on one side, and 
concave on the other. Sometimes also called a June or 
lunula. See its figure under the article Lens. 

To find the Focus of u Meniscus, the rule is, as the dif¬ 
ference between the diameters of the convexity and con¬ 
cavity, is to either of them, so is the other diameter, to 
the focal length, or distance of the focus from the me¬ 
niscus. So that, having given the diameter of the con¬ 
vexity, it is easy to find that of the concavity, so as to re¬ 
move the focus to any proposed distance from the me¬ 
niscus. For, if d ancl d be the diameters of the two sides, 
and/the focal distance; then since, 
y by the rule d — d : d : : d 

therefore d : d : : / — d : /, 
or f — d if ; : d ; o. 

Hence, if d the diameter of the concavity be double to 
d that of the convexity, f will be equal to n, or the focal 
distance equal to the diameter; and therefore the meniscus 
will be equivalent to a plano-convex lens.—Again, if 
D = 3d, or the diameter of the concavity triple to that of 
the convexity, then will/ss {d, or the focal distance 
equal to the radius of concavity ; and therefore the me¬ 
niscus will be equivalent to a lens equally convex on either 
side.—But if d = 5d , then will/= $d ; and therefore 
the meniscus will be equivalent to a sphere.—Lastly, if 
D ~ d, then will/be infinite; and therefore a ray falling 
parallel to the axis, will still continue parallel to it after 
refraction. 

MENSTRUUM, Solvent, or Dissolvent, any fluid 
that will dissolve hard bodies, or separate their parts. Sir 
Isaac New ton accounts for the action of menstruums from 
the acids with which they are impregnated ; the particles 
of acids^ being endued with a strong attractive force, in 
which their activity consists, and by virtue of which they 
dissolve bodies. By this attraction they gather together 
about the particles of bodies, whether metallic, stony, or 
the like, and acihere very closely to them, so as scarce to 
T>e separated from them by distillation, or .sublimation. 
Vol. II. 
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Thus strongly attracting, and gathering together on all 
sides, they raise, disjoin, and shake asunder like particles 
ot bodies, i.e. they dissolve them ; and by the attractive 
power with which they rush against the particles of the 
bodies, they move the fluid, and so excite heat, shaking 
some of the particles to that degree, as to convert them 
into air, and so generating bubbles. 

Dr. Keill has given the theory or foundation of the 
action of menstruums, in several propositions. See At¬ 
traction. From those propositions arc perceived the 
reasons ot the different ell ml is of different menstruums; 
why some bodies, as metals, dissolve in a saline men¬ 
struum ; others again, as resins, in a sulphureous one ; 
&c : particularly why silver dissolves in aqua foitis, and 
gold only in aqua regis ; all the varieties of which are ac¬ 
counted for, from the different degrees of cohesion, or at¬ 
traction in the parts of the body 10 be dissolved, the dif¬ 
ferent diameters and figures of its pores, the different de¬ 
grees of attraction in the menstruum, and the different 
diameters and figures ot its parts. 

MENSUllA15IL11 Y, tlie fitness of a body for being 
applied, or conformable to a certain measure. 

MENSURATION, the act, or art, of measuring figured 
extension and bodies ; or of finding the dimensions and 
contents of bodies, both superficial and solid. 

Every different species of mensuration is estimated and 
measured by others of the same kind: so, the solid contents 
of bodies are measured by cubes, as cubic inches, or cubic 
feet. See ; surfaces by squares, as squar^ inches, feet, &c ; 
and lengths or distances by other lines, as inches, feet, See. 

The contents of rectilinear figures, whether plane orsor - 
lid, can bo accurately deter/nined, or expressed ;• but of 
many curved ones, this is not possible. So the quadra¬ 
ture of the circle, and cubaturc of the sphere, are pro¬ 
blems that have never yet been accurately solved. Sec 
the various kinds of mensuration, as well as that of the 
different figures, under their respective terms.,,, , 

The first writers on geometry,werp chiefly writers.on 
mensuration; as Euclid, Archimedes,&c. SceQyADUA- 
ture; also the Preface to my Mensuration, for more 
ample information on this subject. 

MERCATOR (Gerard), an eminent geographer and 
mathematician, was born in 1512, at Rurcmondp in the 
Low-Countries, lie applied himself with such industry to 
the sciences of geography and mathematics, that it has 
been said he often forgot to cat and sleep. The emperor 
Charles the 5th encouraged him much in his labours; and 
the duke of Juliers made him his cosmographer. lie com¬ 
posed and published a Chronology; a large and small 
Atlas ; and some Geographical Tables; besides some books 
in philosophy and divinity, lie was also so curious, as 
well as ingenious, that lie engraved and coloured his maps 
himself. lie made various maps, globes, and other ma¬ 
thematical instruments for the use of the emperor; and 
gave the most ample proofs of his uncommon skill in what 
'he professed. His method q f laying clown charts is still 
used, which bear the name of Mercator's Charts; also a 
part of navigation is from him called Mercator's Sailing.— 
He died at Duisbourg in 1594, at 82 years of age.—Sec 
Mercator's Chart , below. 

Mercator ( Nicholas ), an eminent mathematician and 
astronomer, whose name in High-Dutch was llaufl'man, 
was born, about the year l6’40, at Holstein ip Denmark. 
From his works we learn, that he had an early und liberal 
education, suitable to bis distinguished genius, by which 
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lie was enabled to extend bis researches into the mathe¬ 
matical sciences, and to make very considerable improve¬ 
ments : for it appears from his writings, as well as front 
the character given of him by other mathematicians, that 
his talent rather lay in improving, and adapting any disco¬ 
veries and improvements to use, than invention. How¬ 
ever, his genius for the mathematical sciences was very 
conspicuous, and introduced him to public regard and 
esteem in his own country, and facilitated a correspondence 
with such as were eminent in those sciences, in Denmark, 
Italy, and England. Some of his correspondents gave 
him an invitation to this country, which he accepted, and 
lie afterwards continued in England till his death. He 
had not been long here before he was admitted r. u. s. and 
gave frequent proofs of his close application to study, as 
well as of his eminent abilities in improving some branch 
or other of the sciences. lJut he is charged sometimes 
with borrowing the inventions of others, and adopting them 
as his own. And it appeared on some occasions, that he 
was not of an over liberal mind in scientific communica¬ 
tions. Thus, it bad some time before him been observed, 
that there was an analogy between a scale of logarithmic 
tangents und Wright’s protraction of the nautical meridian 
line, which consisted of the sums of the secants; though 
it does not appear by whom this analogy was first disco¬ 
vered. It appears however to have been first published, 
and introduced into the practice of navigation, by Henry 
Bond, who mentions this property in an edition of Nor¬ 
wood’s Epitome of Navigation, printed about 1G’45 ; and 
he again treats of it more fully in an edition of Gunter's 
Works, printed in 1653, where lie teaches, from this pro¬ 
perty, to resolve all the cases of Mercator’s Sailing by the 
logarithmic tangents, independent of the table of meridi¬ 
onal parts. This analogy had only been found to be 
nearly true by trials, but not demonstrated to be a mathe¬ 
matical property. Such demonstration seems to have 
been first discovered by Mercator, who, desirous of making 
the most advantage of this and another concealed invention 
of his in navigation, by a paper in the Philosophical 
Transactions for June 4, 1666, invites the public to enter 
into a wager with him, on lii.s ability to prove the truth 
or falsehood of the supposed analogy. This mercenary 
proposal it seems was not taken up by anyone, and Mer¬ 
cator Teservcd his demonstration. Our author however 
distinguished himself by many valuable pieces on philo¬ 
sophical and mathematical subjects. His first attempt 
was, to reduce astrology to rational principles, which 
proved a vain attempt. But his writings of more particu¬ 
lar note, are as follow ; 

1. Cosmographia, sivc Dcscriptio Coeli ct Terras in 
Circulos, qua fundamentum sternitur sequentibus ordino 
Trigonometric Sphcricorum Logarithmica*, &c, a Ni- 
colao HautTman HoLato; printed nt Dantzic, 1651, 
12mo, 

2. Rationes Mathematical subductas anno 1653; Co¬ 
penhagen, in 4to. 

3; De Emmdatinnc nnnun Diatribe dua*, quibus cx- 
ponuntur ct demonstrantur C)di Solis ct Luna', &c; 
in 41o.‘ 

4. Hypothesis Astronomich nova, ct Consensus ejus cum 
Observationibus; Lond. 1664, in folio. 

5. Logarithniotcchnia, sivc Mcthodus Construcndi Lo- 
garithmos nova, accurata, ct fncilis; scripto antchac coin- 
municatn anno sc. 1667 minis Augusti; cui nunc acccdit, 
Vera Quadruiura Hyperbolas, ct Inventio sumtntc Loga- 
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rithmorum. Auctore Nicolao Mcrcatorc Holsato e Soci- 


etate Regia. Huic ctiam jungitur Michaclis Angeli Riccii 
Excrcitatio Gcometrica de Maximis et Minimis, hie ob 
argument! prasstantiam et exemplarium raritatem rccusu; 
Lond. l66S, in 4to. 

6. Institutionum Astronomicarum libri duo, dc Motu 
Astrorum communi et proprio, secundum hypotheses vete- 
him ct recentiorum prascipuas; deque Hypothcseon ex 
observatis construclione, cum tabulis Tychonianis, Solari- 
bus, Lunaribus, Lunas-solaribus, ct Rudolphinis Solis, 
Fixarum ct quinque Errantium, earumquc usu prasceptis 
ct cxemplis commonstrato. Quibus acccdit Appendix de 
iis, qua; novissimis temporibus ccclitus innotuerunt; Lond. 
1676, 8vo. 

7. Euclidis Elemcnta Goomctricn, novo ordinc ac me¬ 
thod o fere, demonStrain. Una cum Nic. Mercatoris’ in 
Gcomctriani Introductionc brevi, qua Magnitudinum Ortus 
ex genuinis Principiis, et Ortarum Affectioncs ex ipsa Ge- 
ncsi dcrivantur. Lond. l6?8, 12mo. 

His papers in tbc Philosophical Transactions, arc, 

1. A Problem on some Points in Navigation: vol. 1. 

2. Illustrations of the Logarithmo-technia : vol.'ll. 

3. Considerations concerning his Geometrical and Di¬ 
rect Method for finding the Apogees, Exccntricities, and 
Anomalies of the Planets: vol. 5, pa. 1168. 

Mercator died in 1694. about 54 years of age. 

MERCATOR’S Churl, or Projection, is a projection of 
the surface of the earth in piano, so called from Gcrrard 
Mercator, a Flemish geographer, who first published maps 
of this sort in the yenr 1556; though it was Edward 
Wright who first gave the true principles of such charts, 
with their application to navigation, in 1699. * 

In this chart or projection, the meridians, parallels, and 
rhumbs, arc all straight lilies, the degrees of longitude 
being every-where increased so os to be equal to one an¬ 
other, and having the degrees of latitude also increased in 
the same proportion ; namely, at every latitude or point on 
the globe, the degrees of latitude, and of longitude, or the 
parallels, are increased in the proportion of radius to the 
sine of the polar distance, or cosine of the latitude; or, 
which is the same thing, in the proportion of the secant of 
latitude to radius ; a proportion which hus the effect of re¬ 
presenting the parallel circles by parallel and equal right 
lines, and all the meridians by parallel lines also, but in¬ 
creasing infinitely towards the poles. - 

From this proportion of the increase of the degrees of 
the meridian, viz, that they increase as the secant of the 
latitude, it is very evident that the length of an nrch of the 
meridian, beginning at the equator, is proportional to the 
sum of all the secants of the latitude, i. c. that the in¬ 
creased meridian, is to the true arch of it, ns the sum of 
all those secants, to ns many times the rndius. But it is 
not so evident that the same increased meridian'is also 
analogous to a scale’of the logarithmic tangents, which 
however it is. “ It does not appear by whom, nor by what 
accident, the analogy was discovered between a scale of lu- • 
gariihmic tangents and Wright’s protraction of the nau¬ 
tical meridian line, \Vhich consisted of the sums of the se¬ 
cants. It appears however to have been first published, 
and introduced into the prnctice of navigation, by Mr. 
Henry Bond, who mentions this property in an edition of 
Norwood's Epitome of Navigation, printed about 1645; 
and lie again treats of it more fully in an edition of Gun¬ 
ter’s Works, printed in 1653, where he teaches, from this 
property, to resolve all the cases of Mercators Sailing by 
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the logarithmic tangents, independent of the table of 
meridional parts. This analogy had only been found 
however to be nearly true by trials, but not demonstrated 
to be a mathematical property. Such demonstration, it 
seems, was first discovered by Mr. Nicholas Mercator, 
which he offered a wager to disclose; but this not being ac¬ 
cepted, Mercator reserved his demonstration; as men¬ 
tioned in the account of his life in the foregoing page. The 
proposal however excited the attention of mathemati¬ 
cians to the subject, and demonstrations were not long 
wanting. The first was published about 2 years after, 
by James Gregory, inhis Exe/citationes Geometric.-!?; from 
hence, and other similar properties there demonstrated, he 
shows how the tables of logarithmic tangents and secants 
may easily be computed from the natural tangents and 
secants. 

“ The same analogy between the logarithmic tangents 
and the meridian line, as also other similar properties, 
were afterwards more elegantly demonstrated by Dr. 
Halley, in the Philos. Trans, for Feb. 1696, and various 
methods given for computing the same, by examining the 
nature of the spirals into which the rhumbs arc transformed 
in. the stcreographic projection of the sphere on the plane of 
the equator: the doctrine of which was rendered still more 
easy and elegant by the ingenious Mr. Cotes, in his Logo- 
roctria, first printed in the Philos. Trans, for 1714, and af¬ 
terwards in the collection of his works published 1732, by 
his cousin Dr. Robert Smith, who succeeded him as Plu- 
mian professor of philosophy in the university of Cam¬ 
bridge." 

The learned Dr. Isaac Barrow also, in his Lcctiones 
Geometrical, Lect. xi, Append., first published in 1672, 
delivers a similar property, namely, “ that* the sum of all 
the secants of any arc, is analogous to the logarithm of the 
ratio of r -+- s to r — «, viz, radius plus sine to radius 
minus sine; or, which is the same thing, that the meri¬ 
dional parts answering to any degree of latitude, arc as 
the logarithms of the ratios of the versed sines of the di¬ 
stances from the two poles." Preface to my Logarithms, 
pa. 100. 

The meridian line in Mercator's Chart, is a scale of 
logarithmic tangents of the half eolatitudes. The dif¬ 
ferences of longitude on any rhumb, arc the logarithms of 
the same tangents, but of a different species; those species 
being to each other, as the tangents of the angles made 
with the meridian. Hence any scale of logarithmic tan¬ 
gents is a table of the differences of longitude, to several 
latitudes, on some one determinate rhumb; and therefore, 
as the tangent of the'angle of such a rhumb, is to the 
tangent of any other rhumb, so is the difference of the lo¬ 
garithms of any two tangents, to the difference of longi¬ 
tude on the proposed rhumb, intercepted between the two 
latitudes, of whose half complcments-the logarithmic tan¬ 
gents were taken. 

It was the great study of our predecessors to contrive 
such a chart in piano, with straight lines, on which all, or 
any parts of the world, might be truly set down, accord¬ 
ing to their longitudes and latitudes, bearings and di¬ 
stances. A method for this purpose was hinted bv Pto- 
1 ___ .. _ ___ • . _ * 
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-latitude, on the globe: which renders this chart, in 
several respects, far more convenient for the navigator's 
use, than the globe itself; and which will truly show the 
course and distance from place to place, in all cases oi 
sailing. 

Mercator's Sailing, or more properly IVright* s Sail¬ 
ing, is the method of computing the cases of sailing on ^lu* 
principles of Mercators chart, which principles were laid 
down by Edward Wright in the beginning of the 17th 
century; or the art of finding on a plane the motion ol 
a ship upon any assigned course, that shall be true a> 
well in longitude and latitude, as distance; the meridians 
being all parallel, and the .parallels ot latitude straight 
lines. 

In the right-angled triangle a Ac, 
let a b be the true difference of la¬ 
titude between two places, the 
angle b\c the angle of the course 
sailed, and ac the true distance 
sailed; then will be be what is 
called the departure, as in plane 
sailing: produce a b till ab be 
equal to the meridional difference 
of latitude, and draw bc parallel 
to bc ; so shall bc be the difference 
of longitude. 

Now from the similarity of the / L cn y 

two triangles a bc, abc, when three of the parts are given,, 
the rest may be found; as in the following analogies : As 
Radius : sin. course : : distance : departure; 

Radius : cos. course : : distance : dif. latitude;' 

Radius : tan. course : : mcrid. dif. lat : dif. longitude. 

And by means of these analogies, all the cases of Mer¬ 

cators Sailing may be resolved. 

MERCURY, in Astronomy, the smallest of the inferior 
planets, and the nearest to the sun, about which it is car¬ 
ried with a very rapid motion. Hence it was, that the 
Greeks called this planet after the name of the nimble 
messenger of the gods, and represented it by the figure of 
a youth with wings at his head and feet; whence is de¬ 
rived g, the character in present use for denoting this 
planet.—The mean distance of Mercury from the sun, is 
to that of the earth from the sun, as 387 to 1000, and 
therefore his distance is about 37 millions of miles, or 
little more than one-third of the earth's distance from the 
sun. Hence the sun's diameter will appear at Mercury, 
near 3 times as large as at the earth; and hence also the 
sun's light and heat received there are about 7 times 
those at the earth; a degree of heat more than sufficient 
to make water boil. Such a degree of heat therefore must 
render Mercury not habitable to creatures of our consti¬ 
tution : and if bodies on its surface bc not inflamed, and 
set on fire, it must bc because their degree of density i9 
proportionably greater than that of bodies on our globe* 

The diameter of Mercury is also more than -$■ of the 
diameter of the earth, or about 3222 miles. Hence the 
surface of Mercury is nearly 1 -9lb, and his magnitude or 
bulk l-27th of that of the earth. 


suinccs, j\ mciuou lor tnis purpose was hinted by Pto- The inclination of his orbiuto the plane of the ecliptic, 
lerny, near 2000 years since; and a general map, on such is 7° O'; his period of revolution round the sun, 8 7 days 23 
an idea, was made 7 by Mercator; but the principles were hours; his greatest elongation from the sun 28° 20'; the 
not demonstrated, and a ready way shown of describing exccntricity of his orbit \ of his mean distance, which is 

ttw> rhart. till Wrirthf Avnlainorl knin __.1 __ c .1 .. .1 .. <• ... S 


the chart, till Wright explained how to enlarge the me¬ 
ridian line by the continual addition of secants; so that all 
dogrees of longitude might be proportional to those of 


far greater than that of any of the other plunets.; and he 
moves in his orbit about the sun at the amazing rate of< 
95,000 miles an hour. ' i 
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The place of his aphelion is t 14° 32'; place of as¬ 
cending node « 14° 44', and consequently that of the 
descending node rtf 14° 44'. His length of day, or rota¬ 
tion on his axis, and inclination of axis to his orbit, are 
unknown. 

Mercury changes his phases, like the moon, according to 
his various positions with regard to the earth and sun ; except 
only, that he never appears quite full, because his enlight¬ 
ened side is never turned directly towards us, unless when 
he is so near the sun as to be lost to our sight in his beams. 
And as his enlightened side is always towards the sun, it 
is plain that he shines not by any light of his own ; for it 
he did, he would constantly appear round. 

The best observations of this planet are those marie 
when it is seen on the sun’s disc, called its transit ; for in 
its lower conjunction, it sometimes passes before the sun 
like a little spot, eclipsing a small part of the sun’s body, 
only observable with a telescope. That node from which 
Mercury ascends northward above the ecliptic, is in the 
15th degree of Taurus, and the opposite in the 15th degree 
of Scorpio. The earth is in those parts on the 6th of No¬ 
vember, and 4th of May, new style; and when Mercury 
comes to either of his nodes at his inferior conjunction 
about these times, he will appear in this manner to pass 
over the sun’s disc. But in all other parts of his orbit, his 
conjunctions arc invisible, because lie goes cither above 
or below the sun. The first observation of this kind was 
made by Gassendi, in November 1631. Several following 
observations of the like transits are collected in Du Ha¬ 
mel’s Hist, of the Royal Acad, of Sciences, pa. 470 , ed.2. 
And Mr. Whiston hasgivena list of several periods at which 
Mercury may be seen on the sun’s disc, viz, in 1/ 82, Nov. 
12, at 3® 44 !n afternoon ; in 1786, May 4th, at 6 h 57 m in 
the forenoon; in 178‘), Dec. 6th, at 3 h 55 m afternoon; 
and in 1799, May 7th, at 2° 34 m nfternoon. There are 
also several intermediate transits, but none of them visible 
at London. See Dr. Halley’s account of the Transits of 
Mercury and Venus, in the Philos. Trans. No. 193* 
Mercury, a metal of a silvery white colour, and is 
otherwise called quicksilver. This metal is always fluid 
at the usual temperature of the atmosphere, but freezes 
and becomes fixed at the temperature of —39° of Fahren¬ 
heit’s thermometer, that is 39° below 0, or 71° below the 

• freezing point of water; nnd it contracts about of its 
bulk in the moment of freezing. Its boiling point is 660 °; 
it may therefore be totally evaporated, or distilled from 
one vessel into another, by which means it is purified from 
various other metallic matters. The vapour of mercury 
is invisible, and clastic, like common air; like nir too, 

.its elasticity is indefinitely increased.by heat, so that it 
breaks the strongest vessel, with an explosion as loud as a 
cannon. > 

, MERIDIAN, in Astronomy, is a great circle of the 
celestial sphere, passing through the poles of the world, 

• and both the zenith and nadir, crossing the equinoctial at 
right angles, and dividing the sphere into two equal parts, 

-or hemispheres, the one eastern, and the other western. 

Or, the meridian is a vertical circle passing through the 
r poles of the world.—It is called meridian, from the Latin 


over London and through the poles of the earth ; and it 
lies exactly under, or in the plane of, the. celestial meri¬ 
dian—These meridians arc various, and change according 
to the longitude of places; so that their number may be 
said to be infinite, since all places from cast to west have 
their several meridians. Farther, as the meridian invests 
the whole earth, there arc many places situated under the 
same meridian. Also, as it is npon whenever the centre 
of the sun is in the celestial meridian ; and as the meridian 
of the earth is in the plane of the former ; it follows, that 
it is noon at the same time, in all places situated under the 
same meridian. 

First Meridian, is that from which the rest are count¬ 
ed, reckoning both cast and west, and is the beginning of 
longitude. The fixing of the first meridian, is a matter 
merely arbitrary ; and hence different persons, nations, 
and ages, have fixed it differently : from which circum- 
stanecsome confusion has arisen in geography. The rule 
among the ancients was, to make it pass through the place 
farthest to the west that was known. But the moderns 
knowing that there is no such place on the earth as can be 
esteemed the most westerly, the way of computing the lon¬ 
gitudes of places from one fixed point is much laid aside. 

Ptolemy assumed the meridian that passes through the 
farthest of the Canary Islands, ns his first meridian ; that 
being the- most western place of the world then known. 
After him, as more countries were discovered in that 
quarter, the first meridian was removed farther off. The 
Arabian geographers chose to place the first meridian on 
the utmost shore of the western ocean. ' Some fixed it to 
the island of St. Nicholas near the Cape Verd ; Hondius 
to the isle of St. James ; others to the island of Del Corvo, 
one of the Azores ; because on that island the magnetic 
needle at that time pointed directly north, without any 
variation ; and it was not then known that the variation 
of the needle is itself subject to variation. The latest 
geographers, particularly the Dutch, have pitched on the 
Peak of Teneriffc; others on the Isle of Palm, another of 
the Canaries; and lastly, the French, by order of the 
king, on the island of Fcro, another of the Canaries. 

But, without much regard to any of these rules, geo¬ 
graphers and constructors of maps often assume the meri¬ 
dian of the place where they live, or the capital of their 
country, or its chief observatory, for a first meridian ; and 
from it reckon the longitudes of places, cast and west. 

Astronomers, in their calculations, usually choose the 
meridian of the place where their observations arc made, 
for their first meridian : ns Ptolemy nt Alexandria ; Tycho 
Brahe ut Uranibourg ; Riccioli at Bologna ; Flamsteed at 
the Royal Observatory at Greenwich ; nnd the French at 
the observatory at Paris. 

There is a suggestion in the Philos. Trans, that the me¬ 
ridians vary in time. And it has been said that this is 
rendered probable, fronfthc old meridian line in the church 
of St. Pctronio at Bologna, which is said to vary no less 
than 8'degre es from the true meridian of the pln^c at this 
time: and from the mcridiun of Tycho at Uranibourg, 
which M. Picart observes, varies 18 minutes from the mo¬ 
dern mcridiun. If there beany thing of truth in this hint, 


. poles ot the world.—It is called meridian, irom tne i^aun dern mcridiun. ii lucre oeuny uimg ui iium ■■■■■■> 

Meridics, mid-day or noon, because when the sun comes. Dr. Wallis says, the alteration must arise from o change 
to the south purl of this circle, it is ndon to all those of the terrestrial poles (hpre on ear{b, of the earth's diurnal 
places situated under it. motion), not of their pointing to this or that of the fixed 

Meridian, in Geography, is a great circle passing stars: for if the poles of the diurnal motion remain fixed 
through the north and south poles, and any given place: to the same place on tho earth, the meridians, which pass 
thus, the meridian of London, is that circle which passes through these poles, mqst remain the same. « 
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But the notion of the changes of the meridian seems to 
be much weakened by an observation of JV1. Chazelles, of 
the French Academy of Sciences, who, when in Egypt, 
found that the four sides of a pyramid, built 3000 years 
*go, still pointed very exactly to the four cardinal points : 
a- position which cannot be considered as merely for* 
tuitous. But here again it may be asked, If the meridians 
vary, may it not be by an oscillatory motion, similar to 
that of the variation of the magnetic needle, so that at a 
distance of 3000 years, the observations made in any par¬ 
ticular place may agree, though during that period a con¬ 
stant and successive variation may have taken place, vi¬ 
brating as it were between certain limits, ns is now gene¬ 
rally known to be the case in other planetary variations, 
such as the acceleration of the moon, the variation in obli¬ 
quity of the ecliptic to the equator, &c. And under this 
point of view the observation of Chazelles would not affect 
the truth 6f the other assertions. For measuring an arc of 
the meridian, see the article Degiuee. 

Meridian' of a Globe , or Sphere , is the brazen circle, 
in which the globe hangs and turns. It is divided into 
four 9^’s, or 36’0 degrees, beginning at the equinoctial: on 
it, each way, from the equinoctial, on the celestial globes, 
is counted the north and south declinajion of the sun, 
moon, or stars ; and on the terrestrial globe, the latitude 
of places, north and south. There arc two points on this 
circle called the poles ; and a diameter, continued from 
thence through the centre of either globe, is called the axis 
of the earth, 01 heavens, on which it is supposed they re¬ 
volve. 

On the terrestrial globes there arc usually drawn S 6 me¬ 
ridians, one through every tenth degree of the equator, or 
through every 10th degree of longitude. The uses of this 
circle are, to set the globes, in any particular latitude, to 
show the suns ora star's declination, right ascension, great¬ 
est altitude, &cc. 

Meridian Line, an arch, or part, of the meridian of the 
place, terminated each way by the horizon. Or, a meri¬ 
dian line is the intersection of the plane of the meridian of 
the place with the plane of the horizon, often called a 
north-and-south line, because its direction is from north 
to south. • 1 

The meridian line is of most essential use in astronomy, 
geography, dialling, 6 c c; and the greatest pains arc taken 
by astronomers to fix it at their observatories to the utmost 
precision* M. Cassini lias distinguished himself by a me¬ 
ridian line drawn on the pavement of the church of St. 
Petronio, at Bologna; being extended to 120 feet in 
length. In the roof of this church, 1000 inches above the 
pavement, is a small hole, through which the sun's image, 
when in the meridian, felling upon the line, marks his pro¬ 
gress all the year. When finished, M. Cassini, by a public 
writing, quaintly informed the mathematicians of Europe, 
of a new oracle of Apollo, or the sun, established in a 
temple, which might be consulted, with entire confidence, 
as to all difficulties in astronomy. Sec Gnomon. 

To draw a Meridian Line. —There 
are many ways of doing this; but 
some of the easiest and simplest arc 
as follow : 1. On an horizontal plane 
describe several concentric circles ab, 
ab , 6 cc; and on the common centre 
c erect a stile, or gnomon; perpendicu¬ 
lar to the horizontal plane of about 
if foot in length. About the 21st of 


June, between the hours of 9 and 11 in the morning, and 
between 1 and 3 in the afternoon,observe the points a, a, 
b, b , &c, in the circles, where the shadow of the stile 
terminates. Bisect the arches ab, ah, &c, in d, d , 
&c. If then the same right line df. bisect all these arches, 
it will be the meridian line sought.—As it is not easy to 
determine precisely the extremity of the shadow, Jt will be 
best to make the stile Hat at top, and to drill a small hole 
through it, noting the lucid point projected by it on the 
arches ab and ab, instead of marking the extremity of the 
shadow itself. 

2. Another method is thus: Knowing the south quarter 
pretty nearly, observe the alti¬ 
tude fe of some star on the east 
side of it, and not far from the 
meridian iizrx : then keeping 
the quadrant firm on its axis, so 
as the plummet may still cut the 
same degree, direct it to the west¬ 
ern side of the meridian, and wait 
till you find the star lias the same 
altitude as before, as fe. Lastly, 
bisect the angle f.c c, formed by the intersection of the 
two planes in which the quadrant has been placed at the 
time of the two observations, by the right line hr, which 
will be the meridian sought. 

Many other methods are given by authors, of describing 
a meridian line ; as by the pole star, or by equal alti¬ 
tudes of the sun, 6 cc; by Schooten in his Exercitationes 
Geometries?; Grey, Dcrham, &c, in the Philos.'l'rans. 
and by Ferguson in his Lectures on Select Subjects. 

From what has been said it is evident that whenever 
the shadow of the stile covers the meridian line, the centre 
of the sun is in the meridian, and therefore it is then 
noon. And hence the use of a meridian line in adjusting 
the motion of clocks to the sun. If another stile be erected 
perpendicularly on any other horizontal plane, aud a 
signal be given when the shadow of the former stile covers 
the meridian line drawn on another plane, noting the 
apex or extremity of the shadow* projected by the second 
stile, a line drawn through that point and the foot of the * 
stile will be a meridian line at the 2d place. Or, instead 
of the 2d stile, a plumb-line may be hung up, and its sha¬ 
dow noted on a plane, upon a signal given that the shadow 
of another plummet, or of a stile, falls exactly in another 
meridian line, at a little distance ; which shadow will 
give the other meridian line parallel to the former. 

Meridian Line, on a dial, is a right line arising from 
the intersection of the meridian of the place with the piano 
of the dial. This is the line of noon, or 12 o'clock, and 
from hence the division of the hour-line begins. 

Meridian Line, on Gunter's Scale, is divided un¬ 
equally towards 87 degrees, the same as the meridian in 
Mercator’s chart is divided and numbered. This line is 
very useful in navigation. For, 1st, It serves to graduutc 
a sca-chart according to the true projection. 2d, Being 
joined with a line of chords, it serves, for the protraction 
and resolution of such rectilineal triangles as arc concern¬ 
ed in latitude, longitude, course, and-distance, in the 
practice of sailing; a* also in pricking the chart truly 
at sea. 

Magnciictil Meridian, is agreat circle passing through 
or by the magnetical poles; to which meridiaus the mag- . 
nctical needle conforms itself. 

Msbidiak Altitude, of the sun or stars, is their alti- 
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ttxlc when in the meridian of the place where they arc 

observed. „ . . . . ;#1 

Meridional Distance , in Navigation, is the same with 

the departure, or casting and westing, or distance between 

two meridians. ^ . VT . 

Meridional Paris, Miles, or Minutes, «n Navigation, 

arc the parts of the increased or enlarged meridian, in the 
Mercator’s chart. Tables of these parts are found m 
most books of navigation ; and they serve both tor con¬ 
structing that sort of charts, and for working that kind of 


navigation. 


Under the article Mf.rcator*s Chart , it is shown that 
the parts of the enlarged meridian increase in proportion 
ns the cosine of the latitude to radius, or, which is the 
same thing, as radius to the secant ol the latitude; and 
therefore it follows, that the whole length of the enlarged 
nautical meridian, from the equator to any point, or la¬ 
titude, will be proportional to the sum of all the secants 
of the several latitudes up to that point ol the meridian. 
And on this principle was the first table of meridional 
parts constructed, by the inventor of it, Mr. Edward 
Wright, and published in 1599; viz, he took the meridio¬ 
nal parts 

of \ 9 = the sec. of l f ; 
of 2' = sec. of l 1 ■+■ sec. of 2 f ; 
of S' = secants of 1,2, and 3 min. 
of 4 f = secants of 1,2, 3, and 4 min. 
and so on by a constant addition of the secants. 

The tables of meridional parts, so constructed, are per¬ 
haps exact enough for ordinary practice in navigation; 
but they would be more accurate if the meridian were 
divided into more or smaller parts than single minutes; 
and the smaller the parts, so much greater the accuracy. 
But, as a continual subdivision would greatly augment 
•the labour of calculation, other ways of computing such 
a table have been devised, and treated of, by Bond, Gre¬ 
gory, Oughtred, Sir Jonas Moor, Dr. Wallis, Dr. Ilallcy, 
and others. See Mercator’s Chart , and Robertsons 
Navigation, vol. 2, book 8. The best of these methods 
was derived from this property, viz. that the meridian line, 
in a Mercator's chart, i3 analogous to a scale of logarith¬ 
mic tangents of half the complements ol the latitudes ; 
from which property also a method of computing the cases 
• of Mercator’s Sailing has been deduced, by Dr. Halley. 
Vide ut supra, also the Philos. Trans, vol. 46, pa. 559. 

To find the Meridional Parts to any Spheroid, with the 

same exactness as in a Sphere . 

Let the semidiameter of the equator be to the distance of 
the centre from the focus of the generating ellipse, as mto 
1. Let a represent the latitude for which the meridional 
parts are required, and s the sine of the latitude, to the 

radius 1: Find the arc n, whose sine is —; lake the lo¬ 
in 

garithmic tangent of half the complement of n, from the 
common tables ; subtract the log. tangent from lO’OOOOOOO, 
or the log. tangent of -15° ; multiply the remainder by 
the number 7915'7044679> and divide the product by 
m ; then the quotient subtracted from the meridional parts 
jn the sphere, computed in the usual manner for the Ijui- 
tadc a , will give the meridional parts, expressed in minutes, 
for the same latitude in the 6phcroid, when it is the ob¬ 
late one. 

Example. If mm : 1 : : 1000 : 22, then the greatest 
difference of the meridional parts inthc sphcrcand spheroid 
& 76'0<W9 minutes. In other eases it is foilind by mul¬ 


tiplying the remainder above mentioned by the number 

When the spheroid is oblong, the difference i n the me¬ 
ridional parts between the sphere and spheroid, for the 
same latitude, is then determined by a circular arc See 
Philos. Trans. No.46l, sect. 14. Also Maclaur.n s Flux¬ 
ions, art 895, S99- And Murdoch’s Mercator’s Sailing &c- 
MERLON, in Fortification, that part of the parapet 

which lies between two embrasures. 

MERSENNE (Martin), a learned French author, 
was born at Bourg of Oyse, in the province of Maine, 
158S. He studied at La Flechc at the same time with 
Descartes; with whom ho contracted a strict friendship, 
which continued till death. He afterwards went to Paris, 
and studied at the Sorbonne; and in l6ll entered himself 
among the Minims. He became well skilled in Hebrew, 
philosophy, and mathematics. From 1615 to l6l9, he 
taught philosophy and theology in the convent of Nevers; 
and became the superior of that convent. But being de¬ 
sirous of applying himself more freely and closely to study, 
he resigned all the posts he enjoyed in his order, and re¬ 
tired to Paris, where he spent the remainder of his life ; 
excepting some short excursions which he occasionally 
made into Italy, Germany, and the Netherlands. 

✓Study and literary conversation were afterwards his 
whole employment. He held a correspondence with most 
of the learned men of his time; being as it were the very 
centre of communication between literary men of all 
countries, by the mutual correspondence which lie ma¬ 
naged between them ; being in trance what Mr. Collins 
was in England. He omitted no opportunity to engage . 
them to publish their works; and the world is obliged to 
him for several excellent discoveries, which would proba¬ 
bly have becu lost, but for his encouragement; ajid on 
all accounts lie had the reputation of being one of the 
best men, as well as philosophers, of his time. No per¬ 
son was more curious in penetrating into the secrets of 
nature, nor more anxious to bring all the arts and sciences 
to perfection. He was the chief friend and literary agent 
of Descartes at Paris; giving him advice and assistance on 
all occasions, and informing him of oil that passed at 
Paris and elsewhere. For, being a person of universal 
learning, but particularly excelling in physical and ma¬ 
thematical knowledge, Descartes scarcely ever did any 
thing, or at least was not perfectly satisfied with any 
thing he had done, without first knowing what Mersenne 
thought of it. It is even said, tha£ when Mersenne gave 
out in Paris, that Descartes was erecting a new system of 
physics on the foundation of a vacuum, and found the 
public very indifferent to it on that very account, he im¬ 
mediately sent notice to Descartes, that a vacuum was 
not then the fashion at Paris ; upon which, that philoso¬ 
pher changed his system, and adopted the old doctrine of 

u plenum. _ _ Wjj 

Mersenne was a man of good invention also himself; 
and he hod a peculiar tulent in forming curious questions, 
though he did not always succeed in resolving them ; how¬ 
ever, he at least gave occasion to others to do it. It is 
said he invented the cycloid, otherwise called the roulette. 
Presently the chief geometricians of the age engaged in the 
contemplation of this new curve, among whom Mersenne 
himself held a distinguished rank. After a very studious 
and useful life, he died at Paris in 1 648, at 60 years of age. 

'Mersenne was author of maoy useful works, particularly 
the followiue: oi,1/ < 
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1 . Quostioncs cclcberrimze in Gcncsini. 

2. llarnionicorum Libri. 

3. De Sonorum Natura, Causis, ct Effcctibus. 

4. Cogitata Physico-Mathcmatica ; 2 vols. 4to. 

5. La Verity des Sciences. 

G. Lcs Questions inouies. 

Besides many letters in the works of Descartes and other 
authors. 

MESOLABE, or Mesolabium, a mathematical in¬ 
strument invented by the ancients, for finding two mean 
proportionals mechanically, which they could not per¬ 
form geometrically. It consists of three parallelograms, 
moving in a groove to certain intersections. Its figure 
is described by Eutocius, in his Commentary on Archi¬ 
medes. See also Pappus, lib. 3. 

METEORIC Slones, or Aerolites, certain semi-metallic 
masses which sometimes fall from the atmosphere. See 
Aerolite. 

MET EOROLOGY, is that part of physics which treats 
of the state of the weather, and the various phenomena 
of the atmosphere; such as hail, rain, snow, thunder, 
lightning, &c. Which sec under the respective articles. 

METIUS (Adrian), a native of Alcmacr, was pro¬ 
fessor of mathematics and medicine at Franeker, where 
he died in lG36. He was author of several mathematical 
works: as, 1. Doctrina Sphxricse; 2. Astronomic universal 
Institutio, 8 vo; 3. Arithmetical ct Geometric® practica, 
4to; 4. De Gemino usu utriusque GJobi, 4 to ; 5. Gcoine- 
triccs per usum Circini nova praxis, 8 vo.—The ratio 113 
to 355, for the diameter to the circumference of a circle, 
is ascribed to this author. 

MEIIUS (James), brother to Adrian above-mention¬ 
ed, who invented prospective glasses, or telescopes, one 
of which he presented to the States-General, in 1609 . 
Tubes, with several pipes had long been used for direct¬ 
ing the sight to distant objects, and rendering it more dis¬ 
tinct; but those tubes were without glasses, and it seems 
it was Janies Mctius who first added them. The story 
goes, that he discovered this method by chance, from 
seeing some school-boys playing on the ice, who used tho 
covers of their copy-books for tubes, and having in sport 
placed bits of glass at the ends of these tubes, were much 
surprised to find, that distant objects, by that means, ap¬ 
peared nearer. 

METO, or Meton, the son of Puusanias, a famous 
mathematician of Athens, who flourished 432 years before 
Christ. In the first year of the 87th Olympiad, he ob¬ 
served the solstice at Athens : and published his Aniiea- 
dccatoride, that is, his cycle of 19 years ; by which he 
endeavoured to adjust the course of the sun to that of the 
moon, and to make the solar and lunar years begin at the 
same point of time. Sec Cycle. 

Meton 1 c Cycle, called also the Golden Number, 
and Lunar Cycle, or Cycle of the Moon, that which was 
invented by Meton the Athenian ; being a period of 19 
ycar 6 . Sec Cycle. 

METOPE, or Metopa, in Architecture, the square 
space between the triglyphs of the Doric frizc; which 
among the ancients used to be adorned with the heads of 
beasts, basons, vases, and other instruments used in sa¬ 
crificing. 

A Demi-Meiope is a space somewhat less than half a 
metope, at the corner of the Doric frizc. 

MICHAELMAS, the feast of St. Michael the archan¬ 
gel; held on the 29 th of September. 
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MICROCOUSI ICS, the same with Microphones. 

MICROME I ER, is an instrument usually fitted to a 
telescope, in the focus ol the object-glass, for measuring 
small angles or distances; as the apparent diameters of 
the planets, &c. There are several kinds of these instru¬ 
ments, upon different principles; the origin of which has 
been disputed. The general principle is, that the instru¬ 
ment moves a fine wire parallel to itself, in the plane of 
the picture of an object, formed in the focus of a tele¬ 
scope, and so with great exactness to measure its perpen¬ 
dicular distance from a fixed wire in the same plane : and 
thus are measured small angles, subtended by remote ob¬ 
jects at the naked eye. 

For example. Let a planet Be viewed through the tele¬ 
scope ; and when the parallel wires aic opened to such a 
distance as to appear exactly to touch two opposite points 
in the circumference of the planet, it is evident that the 
perpendicular distance between the wires is then equal to 
the diameter of the picture of the planet, formed in the 
focus of the object-glass. Let this distance, whose mea¬ 
sure is given by the mechanism of the micrometer, be rc- 
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presented by the line pq; then, since the measure of the 
focal distance 9 L may also be known, the ratio of 91 . to qp, 
that is, of radius to the tangent of the angle qLp, will give 
the angle itself, by a table of tangents ; and this angle is 
equal to the opposite angle PQL,-which the real diameter 
of the planet subtends at l, or ut the naked eye. 

N\ ith respect to the invention of the micrometer; Mess. 
Azout and Picard have the credit of it in common fame, 
as being the first who published it, in the year 1666; but 
Mr. I ownley, in the Philos. Trans, reclaims it for one of 
our own countrymen, Mr. Gascoigne. He relates that, 
from some scattered papers and letters of this gentleman, 
he had learnt that beforeour civil wars he had invented a 
micrometer, of as much effect as that since made by M. 
Azout, and had made use of it for some years, not only in 
tuking the diameters of the planets, and distances on land, 
but in determining other matters of nice importance in 
the licqycns ; as the moon's distance, &c. M r. Guscoigne’s 
instrument also fell into the hands of Mr.Townley, who says 
further, that by the help of it he could make above 40,000 
divisions in a foot. 'I bis instrument being shown to Dr. 
Ilookc, he gave a drawing and description of it, and pro¬ 
posed several improvements in it; which may be seen in 
the Phjlos. 1 rans. vol. 1 , pa. 03. Mr. Gascoigne divided 
the image of an object, in the focus of the object-glass, 
by the approach of two pieces of metal, ground to a very 
fine edge; instead of which, Dr. Ilookc would substitute 
two fine hairs, stretched parallel to each other: and two 
other methods of I)r. Hooke, different from this, are de¬ 
scribed in his posthumous works, pu. 497, &cc. An ac¬ 
count of several curious observations which Mr. Gas¬ 
coigne made by the help of his micrometer, particularly 
in measuring the diameter of the moon and other planets, 
may be seen in the Philos. Trans, vol. 48, pa. J 90 ; where 
Dr. Bevis refers to an original letter of Mr. Gascoigne, to 
Mr. Ougbtrcd, written in 1641 , for an account given by 
the author of his own invention, &c. 
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Mom. Lah.re, in a discourse on the *ra of the inven¬ 
tions of the micrometer, pendulum clock, and tclescop , 
read before the Royal Academy of Sciences m 1/17. 
makes M. Huygens the inventor ot the micrometer, 
author, he observes, in his Observations on Saturnsi RiJ g. 
ike, published in 1659, gives a method of finding t 
diameters of the planets by means of a telescope, viz, oy 
putting an object, which he calls a virgula, of a size proper 
to take in the distance to be measured, in the focus ot tnc 
convex object-glass: in this case, says lie, the smallest ob¬ 
ject will be seen very distinctly in that place ol the glass. 

By such means, he adds, lie measured the diameter of the 
jdancts, as he there delivers them. See Huygens s System 

This micrometer, M. Laliirc observes, is so very little 
ditlerenl from that published by the Marquis Dc Malvasia, 
in his Kphemcrides, 3 years alter, that they ought to be 
esteemed the same: and the micrometer ol the marquis 
differed yet less from that published 4 years after his, by 
Azout and Picard, lienee, Luhire concludes, that it is to 
Huygens the world is indebted for the invention ol the mi¬ 
crometer; without taking any notice of the claim of our 
countryman Gascoigne, which however is many years prior 

to any of them. , * „ 

Laliirc says, that there is no method more simple or 

commodious for observing the digits of an eclipse, than a 
net in the focus of the telescope. These, lie says, were 
usually made of silken threads; and for this particular 
purpose 6* concentric circics had also been used, drawn 
upon oiled paper: but he advises to draw the circles on 
very thin pieces of gloss, with the point of a diamond. 

He also gives some particular directions to assist persons 
in using them. In another memoir, lie shows a me¬ 
thod of making use of the same net for all eclipses, by 
using u telescope with two object-glasses, and placing 
them at different distances from each other. Mem. 1701 

and 1717. , , . ; '• 

M. Cassini invented a very ingenious method of ascer¬ 
taining the right ascensions and declinations of stars, by 
fixing 4 cross hairs in the focus of the telescope, and 
turning it ubout its axis, so as to make them move in a 
lino parallel to one of them. But the later improved 
micrometers will answer this purpose with greater exact¬ 
ness. Dr. Muskelync has published directions for the 
use of it, extracted from Dr. Bradley's papers, in tho 
Philos. Trans, vol. 62. See also Smith’s Optics, vol 2, 

pa. .343. . 

Wolfius describes a micrometer of a very easy and simple 
structure, first contrived by Kirchius. 

Dr. Dcrharo tells us, that his micrometer is not put into 
a tube, as is usual, but is contrived to measure the spectres 
of the 6un on paper, of any radius, or to measure any part 
pf them. By this means he cun easily, and very exactly, 
with the help of a fine thread, take tho declination of o 
solar spot at any time of the day; and, by his half-seconds 
watch, measure thq distance of the spot from either limb 

of the sun. . 

. J. And. Scgncr proposed to enlarge the.field of view in 
these micrometer,, by making them of a considerable ex- 
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A considerable improvement in the micrometer was 
communicated to the Royal Society, in 1743, by Mr. S 
Savary ; an account of which, extracted from lift minutes 
bv Mr. Short, was published in the Philos. 1 rans. for 
1753. The first hint of such a micrometer was suggested 
by M. Roemer, in 1675 : and M. Bouguer proposed a con¬ 
struction similar to that of M. Savary, in 1748 ; for which 
sec Helium eteu. The late Mr. Dollond made a further 
improvement in this kind of micrometer, an account of 
which was given to the Royal Society by Mr. Short, and 
published in the Philos. Traus. vo . 48 Instead of two 
object-glasses, he used only one, which he neatly cut into 
two semicircles, and fitted each semicircle in a metal 
frame, so that their diameters sliding in one another, by 
means of a screw, may have their centres brought together 
in such a manner as to appear like one glass, and so lorm 
one image; or by their centres receding, may lorm two 
images of the same object: it being a property of such 
glasses, for any segment to exhibit a perfect imuge ot an 
object, though not so bright as the whole glass would give 
it. If proper scales are fitted to this instrument, showing 
how far the centres recede, relative to the focal length ot 
the glass, they will also show how far the two parts of the 
same object are asunder, relative to its distance from the 
object-glass and consequently give the angle under which 
the distance of the parts of that object arc seen. Inis 
divided object-glass micrometer, which was applied by 
the late Mr. Dollond to the object end of a it fleeting te¬ 
lescope, and has been with equal advantage adapted by 
his son to the end of an achromatic telescope, is of so 
easy use, and affords so large n scale, that it is generally 
considered by astronomers, as the most convenient and 
exact instrument for measuring small angles in the hea¬ 
vens. However, the coram6n micrometer is peculiarly 
adapted for measuring differences of right ascension, and 
declination, of celestial objects, but less convenient and 
exact for measuring their absolute distances; whereas the 
object-glass micrometer is peculiarly fitted for measuring 
distances, though generally supposed ^improper for tho 
former purpose. But Dr. Maskclyne has found that this 
may be applied with very little trouble to that purpose 
also; and he has furnished the directions necessary to be 
followed, when it is used in this manner. The addition 
requisite for this purpose, is a cell, containing two wires, 
intersecting each other nt right angles, placed in the focus 
of the eye-glass of the telescope, and moveable about, by 
the turning of a button. For tho description of this ap¬ 
paratus, with tho method of applying and using it, see Dr. 
Mnskclyne’s paper on the subject, in the Philos. Trans. 
vol.6'1, pa. 536, &c. 

After nil, the use of the object-glass micrometer is at¬ 
tended with many difficulties, arising from the alterations 
in the focus of the eye, which are apt to cause it to give 
different measures of tho same angle at different times. To 
obviate these difficulties. Dr. Muskelync, in 1770, con¬ 
trived o prismatic micrometer, consisting of two achro¬ 
matic prisms, or wedges, applied betwcon the object- 
glass and eye-glass of an achromatic telescope, by moving 
of which wedges nearer to or farther from the object- 


these micrometer*, by maxing mem oi a whisiuuhur; ,-r, .1 ~ 

tent, and having a moveable eye-glass,or several eye-glasses, glass, the two images of an object produced by them ap- 
plnccd opposite to different parts of it. He thought how- • peared to approach to, or recede from, each other, so that 
iver, that two would be quite sufficient, and he gives par- the focal length of the olyoct-glass becomes a scale lor 
licular directions how to make use of such micrometers measuring the angular distance of the two images, ina 
in astronomical observations. Sec Comra.Gotting. vol. J, rationale and use of this micrometer arc explained in the 

Philos. Trans, vol. 67 , pai 799 , &c * And a similar mven- 


pa. 27. 
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tion by the Abbe Rochon, which was afterwards improved 
by the Abbe Boscovich, was also communicated to the 
Royal Society, and published' in the same volume of the 
Transactions, pa. 7 89 * &c. 

Mr. Ramsden invented two other micrometers, which he 
has contrived for remedying the defects of the object- 
glass micrometer. One of these is a catoptric microme¬ 
ter, which, besides the advantage it derives from the prin¬ 
ciple of reflection, of not being disturbed by the hetero¬ 
geneity of light, avoids every defect of other instruments of 
this kind, and can have no aberration, nor any defect 
arising from the imperfection of materials, or of execu¬ 
tion ; as the great simplicity of its construction requires 
no additional mirrors or glasses, to those necessary for 
the telescope; and the separation of the image being 
effected by the inclination of the two specula, and not de¬ 
pending on the focus of a lens or mirror, any alteration in 
the eye of an observer cannot affect the angle measured. 
It has pecu .ar to itself the advantages of an adjustment, 
to make the images coincide in a direction perpendicular 
to that ol their motion; and also of measuring the 
diameter of a phinet on both sides of the zero; which 
will appear no inconsiderable advantage to observers who 
know how'much easier it is to ascertain the contact of 
the external edges of two images, than their perfect coin¬ 
cidence. 

The other micrometer invented and described by Mr. 
Ramsden, is adapted to the principle of refraction. It is 
applied to the erect eye-tube of a refracting telescope, and 
is placed in the conjugate focus of the first eye-glass, as 
the image is considerably magnified before it comes to the 
micrometer, any imperfection in its glass will be magnified 
only by the remaining eye-glasses, which in any telescope 
seldom exceeds 3 or 0 limes; and besides, the size of the 
micrometer glass will not be the 100th part of the area 
which would be necessary, if it were placed at the object- 
glass; and yet the same extent of scale is preserved, and 
the images are uniformly bright in every part of the field 
of the telescope. Sec the description and construction of 
these two micrometers in the Philos.Trans, vol. 6'Q, part2. 
art. 27. v 

In vol. 72 of the Philos. Trans, for the year 1782, Dr. 
Herschel, after explaining the defects and imperfections 
of the parallel-wire micrometer, especially for measuring 
the apparent diameter of stars, and the distances between 
double and multiple stars, describes one, for these pur¬ 
poses, which he calls a lamp micrometer ; one that is free 
from such defects, and lias the advantage of a very en¬ 
larged scale. In speaking of the application of this instru¬ 
ment, he says, “ It is well known to opticians and others, 
who hnvc been in the habit of using optical instruments, 
that we can with one eye look into a microscope or tele¬ 
scope, and see un object much magnified, while the naked 
eye may see a scale upon which the magnified picture is 
thrown. In this manner I have generally determined the 
power of my telescopes; and any one who has acquired 
a facility of taking such observations, will very seldom 
mistake so much as one in 50 in determining the power of 
an instrument, and that degree of exactness is fully suffi¬ 
cient for the purpose. 

“ The New tonian form' is admirably adapted to the 
use of this micrometer; for the observer stands always 
erect, and looks in a horizontal direction,notwithstanding 
the telescope should be elevated to the zenith.—The scale 
of the micrometer at the convenient distance of 10 feet from 
Vol. II. , 


the eye, with the power of 4f>0, is above a quarter of an 
inch to a second ; and by putting on my power of 932, 1 
obtain a scale of more than half an incli to a second, with¬ 
out increasing the distance of the micrometer; whereas 
the most perfect of my former micrometers, with the same 
instrument, had a scale ol less than the 2000th part of an 
inch to a second. 

“ The measures of this micrometer are not confined to 
double stars only, but may be applied to any other objects 
that require the utmost accuracy, such as the diameters of 
the planets or their satellites, the mountains of the moon, 
the diameters of the fixed stars, &c.” 

The micrometer has not only been applied to tele¬ 
scopes, and employed for astronomical purposes; hut 
there have been various contrivances for adapting it to 
microscopical observations. Mr. Leeuwenhoek’s method 
of estimating the size of small objects, was by comparing 
them with grams of sand, of which 100 in a line took up an 
inch. These grains he laid upon the same plate with his 
objects, and viewed them at the same time. Dr. Jurin’s 
mejhod wa lilar to this ; for he found the diameter of 
a piece of fine silver wire, by wrapping it very close upon 
a pin, and observing how many rings made an inch: and 
he used this wire in the same manner as Leeuwenhoek 
used his sand. Dr. Iiooke used to look upon the maonified 
object with one eye, while at the same time he viewed”other 
objects, placed at the same distance, with the other eye. 
In this manner he was able, by the help of a ruler, divided 
into inches and small parts, and laid on the pedestal of 
the microscope, as it were to cast the magnified appear¬ 
ance of the object upon the ruler, and thus exactly to 
measure the diameter which it appeared to have through 
the glass ; and this being compared with the diameter as 
it appeared to the naked eye, easily determined the 
degree in which it was magnified. A little practice, says 
Mr. Baker, will render this method exceedingly easy and 
pleasant. 

Mr. Martin, in his Optics, recommends such a mi¬ 
crometer for a microscope as had been applied to te¬ 
lescopes; for he advises to draw a number of parallel 
lines on a piece of glass, with the fine point of a dia¬ 
mond, at the distance of one 40th of an inch from one 
another, and to place it in the focus of the eye-glass. 
By this method, Dr. Smith contrived to take the exact 
draught of objects viewed by a double microscope ; for 
this purpose he advises the observer to get a lattice, made 
with small silver wires or squares, drawn upon a plain 
glass by the strokes of a diamond, and to put it into the 
place of the image formed by the objeqt-glass. Then, by 
transferring the parts of the object, seen in the squares of 
the glass or lattice, upon similar corresponding squares 
drawn on paper, the picture may be exactly taken. Mr. 
Martin also introduced into compound microscopes an¬ 
other micrometer, consisting of a screw. See both these 
methods described in his Optics, pa. 277. 

A very accurate division of a scale is performed by Mr. 
Coventry, of Southwark. The micrometers of his con¬ 
struction are parallel lines drnwn on glass, ivory, or me¬ 
tal, from the 10th to the 10,000th part of an inch. These 
may be applied to microscopes, for measuring the size of 
minute objects, and the magnifying power of the glasses; 
and to telescopes, for measuring the size and distance of 
objects,and the magnifying power of the instrument. To 
measure the size of an object in a single microscope; luy 
it on a micrometer, whose lines are seen magnified in the 
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same proportion with it, and they will give at one view the 
real size of the object. For measuring the inagnifyin 
power of the compound microscope, the best and readiest 
method is the following: On the stage in the focus ot the 
object-glass, lay a micrometer, consisting of an inch l- 
vided into >00 equal parts; count how many divisions ot 
(he micrometer are taken into the field of view; then lay 
a two-foot rule parallel to the micrometer: fix one eye on 
the edge of the field of light, and the other eye on the end 
of the rule, which move, till the edge of the field of light 
and the end of the rule correspond; then the distance 
from the end of the rule to the middle of the stage, will 
be half the diameter of the field : ex. gr. If ihc distance 
be 10 inches, the whole diameter will be 20, and the 
number of the divisions of the micrometer contained in 
the diameter of the field, is the magnifying power of the 
microscope. For measuring the height and distance of 
objects by a micrometer in the telescope, see Telescope. 

Mr. Adams has applied a micrometer, that shows im¬ 
mediately the magnifying power of any telescope. 

In the Philos. Trans, for 1791, « very simple scale mi¬ 
crometer for measuring small angles with the telescope is 
described by Mr. Cavallo. This micrometer consists of a 
thin and narrow slip of mother-of-pi?arl finely divided, and 
placed in the focus of the eye-glass ol a telescope, just 
where the image of the object is formed ; whether the te¬ 
lescope is a reflector or a refractor, provided the eye-glass 
be a convex lens. This substance Mr. Cavallo, after 
many trials, found much more convenient than either 
glass, ivory, horn, or wood, as it is a very steady substance, 
the divisions very easy marked upon it, and when made as 
thin as common writing-paper it has a very useful degree 
of transparency. 

On this subject, see M. Azout’s Tract, contained in 
Divers Ouvrages de Mathcmatiquc ct dc Phisique; par 
Messieurs dc PAcademic lloyal des Sciences; M. dc la 
Hire’s Astronomic* Tabula:; Mr.Townlcy,in the Philos. 
Trans. No. 21; Wolfius, in his Elem. Astron. § 508 ; Dr. 
Hooke, and many others, in the Philos.Trans. No. 29, &c; 
Hevelius, in the Acta Eruditorum, ann. 1708; Mr. Bal- 
shascr, in his Micromctria; also several volumes of the 
Paris Memoirs, &c. 

MICROPHONES, instruments contrived to magnify 
stnall sounds, as microscopes do small objects. 

MICROSCOPE, an optical instrument, composed of 
lenses or mirrors, by means of which small objects are 
made to appt-ar larger than they do to the naked eye. 

Microscopes arc distinguished into simple and com¬ 
pound, or single and double. 

Simple, or Single Microscopes, arc such as consist of 
a single lens, or a single spherule. And a 

Compound Microscope consists of several lenses pro¬ 
perly combined.—As optics have been improved, other 
varieties have been contrived in this instrument: Ilencc 
reflecting microscopes, water microscopes, &c. It is not 
certainly known when, or by whom, microscopes were first 
invented ; though it is probable they would soon follow on 
the use of telescopes, since a microscope is like a telescope 
inverted. We are informed by Huygens, that one Drcbcll, 
a Dutchman, had the first microscope, in the year 1621, 
and that he was reputed the inventor of it: though F. 
Fontana, a Neapolitan, in 1646, claims the invention to 
himself, and dates it from the year lGl8. Be this ns it 
may, it seems they were first used in Germany about 
1021; and according to Peter Borclli, they were invented 


by Zacharias Jansen and his son, who presented the first 
microscopes they had constructed to prince Maurice, and 
to Albert arch-duke of Austria. William Borclli, who 
gives this account in a letter to his brother Peter, says, 
that when he was ambassador in England, in l6ig, Cor¬ 
nelius Drcbell showed him a microscope, which he said 
was the same that the archduke had given him, and had 
been made by Jansen himself. Borclli De vero Tele- 
scopii inventorc, pa. 35, also on the Microscope. See 
Lens. 

Theory and Foundation of Microscopes. 

If an object be placed in the focus of the convex lens 
of a single microscope, and the eye be very near on the 
other side, the object will appear distinct in an erect . 
situation, and be magnified in the ratio of the local dis¬ 
tance of the lens, to the ordinary distance of distinct vi¬ 
sion, viz, about 8 inches. So, if the k jj 

object ab be placed in the focus F, of 
a small glass sphere, and the eye be- F. 

hind it, as in the focus u, the object S' N. 
will appear distinct, and in an erect / \ 

posture, its diameter being increased ( C ■ J 

in the ratio of J of the diameter El to 8 V J 

inches. If, ex. gr. the diameter ei of 
the small sphere be T ' 5 of an inch ; then ' • I 
ce = and fe = i ct = so that 
cp = & ; then as : S, or as 3 : 320, (V 

or as 1 : 106f : : the natural size to the magnified appear¬ 
ance ; in which case, the object is magnified about 107 
limes. 

Ilencc the smaller the spherule or the lens is, so much 
the more is the object magnified. But then, so much the 
less part is comprehended at one view, and so much the 
less distinct is the appearance of the object.-—Equal ap¬ 
pearances of the same object, formed by different combi¬ 
nations, become obscure in proportion as the number of 
rays constituting each pencil decreases, that is, in propor¬ 
tion to the smallness of the object-glass. Therefore, if the 
diameter of the object-glass exceeds the diameter of the 
pupil, as many times us the diameter of the appearance 
exceeds the diameter of the object; the appearance will 
be as clear and distinct as the object itself. 

But the diameter of the object-glass cannot be so much 
increased, without increasing at the same time the focal 
distances of all the glasses, and consequently the length of 
the instrument: otherwise the rays would fall too* ob¬ 
liquely on the eye-glass, and the appearance become con¬ 
fused and irregular. 

There are several kinds of single microscopes; of which 
the following is the most simple, ad (plutc 22, fig. I) 
is a small tube, to one* end of which, bc, it fitted a plane 
gloss; and to this any object, as a gnat, the wing of an in¬ 
sect, or the like, is applied; to the other end ad, at a 
proper distance from the object, is applied a lens, convex 
on both sides, of about an inch in diameter: the plane 
gloss is turned to the sun, dr the light of a candle, and the 
object is seen magnified. Ami if the tube bc made to 
draw out, lenses or segments of different spheres may bo 
used. 

Again, a lens, convex on both sides, is inclosed in a cell 
ac (tig. 2), and hold there by the screw 11. Through the 
stem or pedestal cd passes a long screw ef, carrying a 
stile or needle eo. In e is a small tube; on which, and 
on the point g, the various objects arc to be disposed. 
Thus, lenses of various spheres may bc applied. 
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A good simple instrument of this kind is Mr. Wilson's 
pocket microscope, which has 9 different magnifying 
glasses, S of which may be used with two different instru¬ 
ments, for the better applying them to various objects. 
One of these instruments is represented at aabb (fig. 3), 
which is made either of brass or ivory. There are three 
thin brass plates at e, and a spiral spring n of steel wire 
within it: to one of the thin plates of brass is fixed a piece 
of leather F, with a small furrow g, both in the leather, 
and brass to which it is fixed : in one end of this instru¬ 
ment there is a long screw d, with a convex glass c, placed 
at the end it; at the other end of the instrument there is 
a hollow screw oo, in which any of the magnifying glasses, 
M, are screwed, when they are to be made use of. The 9 
difierent magnifying glasses are all set in ivory, 8 of which 
are set in the manner expressed at m. The greatest mag¬ 
nifier is marked upon the ivory, in which it is set, num¬ 
ber 1, the next number 2, and so on to number 8; the 
9th glass is not marked, but is set in the irianner of a little 
barrel box of ivory, as at b . At ee is a flat piece of ivory, 
of which there arc S belonging to this sort of microscopes 
((hough any one who has a mind to keep a register of ob¬ 
jects may have as many of them as he pleases) ; in each of 
them there arc 3 holes fff, in which 3 or more objects are 
placed between two thin glasses, or talcs, when they are to 
be used with the greater magnifiers. 

The use of this instrument a abb is as follows; A han¬ 
dle w, from fig. 4, being screwed upon the button s, take 
one of the flat pieces of ivory or sliders ee, and slide it be¬ 
tween the two thin plates of brass at E, through the body 
ol the microscope, so that the object to be viewed be just 
in the middle; observing to put that side of the plate ec, 
where the brass rings are, farthest from the end a a : then 
screw into the hollow screw, oo, the 3d, 4th, 5th, 6th, or 
7lh magnifying glass m; which being done, put the end 
a a close to your eye, and while looking at the object 
through the magnifying glass, screw in or out the long 
screw d, and this moving round upon the leather f, held 
tight to it by the spiral wire if, will bring the object to the 
true distance; which may be known by seeing it clearly 
and distinctly. 

Thus may be viewed all transparent objects, dusts, li¬ 
quids, crystals of sales, small insects, such as fleas, mites, 
&c. If they be insects that will creep away, or such ob¬ 
jects as arc to be kept, they may be placed between the 
two register glasses//. For, by taking out the ring that 
keeps in the glasses//, where the object lies, they will fall 
out of themselves ; so the object may be laid between the 
two hollow sides of them, and the ring put in again as be¬ 
fore; hut if the objects be dusts or liquids, a small drop of 
the liquid, or a little of the dust laid on the outside of the 
glass//, and applied as before, will be seen very easily. 

As to the 1st, 2d, and 3d magnifying glasses, being 
marked with a upon the ivory in which they are set, 
they arc only to be used with those plates or sliders that 
are also marked with a in which the objects are placed 
between two thin talcs; because the thickness of the glasses 
in the other plates or sliders, hinders the object from ap¬ 
proaching to the true distance from these greater magni¬ 
fiers. But the manner of using them is the same with 
the former. 

For viewing the circulation of the blood at the extremi¬ 
ties of the arteries and veins, in the transparent parts of 
fishes 9 tails, &c, there are two glass tubes, a larger aud a 
smaller, as expressed at gg 9 into which the animal is put. 
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When these tubes Arc to be used, turn the end screw d in 
the body of the microscrope, until the tubegg can be easily 
received into that little cavity o of the brass plate fasten¬ 
ed to the leather F under the other two thin plates of brass 
at e. When the tail of the fish lies flat on the glass tube, 
set it opposite to the magnifying glass, and bringing it to 
the proper distance by screwing in or out the end screw 
d, and you will then clearly perceive the circulation of 
the blood. 

To view the blood circulating in the foot of a frog; 
choose such a frog as will just go into the tube ; then with 
a little stick expand its hinder foot, which apply close to 
the side of the tube, observing that no part of the frog hin¬ 
ders the light from coining on its foot; and when it is 
brought to the proper distance, by means of the screw d, 
the rapid motion of the blood will be seen in its vessels, 
which are very numerous, in the transparent thin mem¬ 
brane or web between the toes. For this object, the 4th 
and 5lh magnifiers will do very well ; but the circulation 
may be seen in the tails of water-newts in the 6th aud 7 th 
glasses, because the globules of the blood of those newts 
arc as large again as the globules of the blood of frogs or 
small fish, as has been remarked in No. 280 of the Phi¬ 
los. Trans, pa. 1184. 

The circulation cannot so well be seen by the 1st, 2d, 
and 3d magnifiers, because the thickness of the glass tube, 
containing the fish, hinders the approach of the object to 
the focus of the magnifying glass. Fig. 4 is another instru¬ 
ment for this purpose. 

In viewing objects, one ought to be careful not to hinder 
the light from falling upon them by the hat, hair, or any 
other thing, especially in looking at opaque objects; for 
nothing can be seen with the best of glasses, unless the ob¬ 
ject be at a due distance, with a sufficient light. The best 
lights for the plates or sliders,.when the object lies between 
the two glassed, is a clear sky-light, or where the sun shines 
on something white, or the reflection of the light from a 
looking-glass. The light of a candle is also very proper 
for viewing small objects, though it be a little uneasy to 
those who are not practised in the use of microscopes. 

To cast small Glass Spherules for Microscopes. —There 
are several methods for this purpose, liartsocker first im¬ 
proved single microscopes by using small globules of glass, 
melted in the flame of a candle; by which he discovered 
the animalcule in semine masculino, and thereby laid the 
foundation of a new system of generation. Wolfius de¬ 
scribes the following method of making such globules : A 
small piece of very fine glass, sticking to the wet point of a 
steel needle, is to be applied to the extreme blueish part of 
the flame of a lamp, or rather of spirits of wine, which will 
not black it; being there melted, and run into a small 
round drop, it Ss to be removed from the flame, on which 
it instantly ceases to be fluid. Then folding a thin plate 
of brass, and making ver^ small smooth perforations, so 
as not to leave any roughness on the surfaces, and also 
smoothing them over to prevent any glaring, fit the sphe¬ 
rule between the plates against the apertures, and put the 
w hole in a frame, with objects convenient for observation. 

Mr. Adams gives another method, thus: Take a piece 
of fine window-glass, und rase it, with a diamond, into as 
many lengths as you think needful, not more than l-8th 
of an inch in breadth ; then holding one of those lengths 
between the fore-finger and thumb of each hand, over a 
very fine flame, till the glass begins to soften, draw it out 
till it be as fine as a hair, and break; then applying each 
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of the ends into the purest part of the flame, you presently 
have two spheres, which may be made greater or less at 
pleasure : if they remain long in the flame, they will have 
spots ; so that they must be drawn out immediately alter 
they are turned round. Break the stem off as near the 
globule as possible ; and, lodging the remainder of the 
stem between the plates, by drilling the hole exactly 
round, all the protuberances are buried between the 
plates ; and the microscope performs to admiration. 

Mr. Butterfield gave another manner of making these 
globules, in No. 141 of Philos. Trans. 

In any of these ways may the spherules he made much 
smaller than any lens ; so that the best single microscopes, 
or such as magnify the most, are made of them. Lccuwen- 
liocck and Musschcnbroek have succeeded very well in 
spherical microscopes, and their greatest magnifiers en¬ 
larged the diameter of afl object about 160 times ; Philos. 
Trans, vol. 7, pa. 129, and vol. 8, pa. 121. But the small¬ 
est globules, and consequently the highest magnifiers for 
microscopes, were made by F. dc Torre of Naples, who, 
in 1765, sent four of them to the Itoyal Society. The 
largest of them was only two Paris points in diameter, and 
magnified a line 640 times ; the second was the size of 011c 
Paris point, and magnified 1280 times; and the 3d no 
more than half a Paris point, or the 144th part of an inch 
in diameter, and magnified 2560 times. But since the 
focus of a glass globule is at the distance of onp-4th of its 
diameter, and therefore that of the 3d globule ofde Torre, 
above mentioned, only the 576th part of an inch distant 
from the object, it must be with the utmost difficulty that 
globules so minute as those can be employed to any pur¬ 
pose ; and Mr. Baker, to whose examination they were re¬ 
ferred, considers them as matters of curiosity rather than 
of real use. Philos. Trans, vol. 55, pa. 246, vol. 56, pa. 67. 

Water Microscope. Mr. S. Gray, and, after him, 
Wolfius and others, have contrived water microscopes, 
consisting of spherules or lenses of water, instead of glass. 
But since the distance of the focus of a lens or sphere of 
water is greater than that in one of glass, the spheres of 
which they are segments being the same, consequently wa¬ 
ter microscopes magnify less than those of glass, and there¬ 
fore are less esteemed. Mr. Gray first observed, that a 
small drop or spherule of water, held to the eye by candle¬ 
light or moon-light, without any other apparatus, magni¬ 
fied the animalcules contained in it, vastly more than any 
other microscope. The reason is, that the rays coming 
from the interior surface of the first hemisphere, arc re¬ 
flected so as to fall under the same angle on the surface 
of the hinder hemisphere, to which the eye is applied, as 
if they came from the focus of the spherule; whence they 
arc propagated to the eye in the same manner as if the ob¬ 
jects were placed without the spherule in its focus. 

Hollow glass spheres of about half an inch diameter, 
filled with spirit of wine, are often used for microscopes; 
but they do not magnify near so much. 

Theory of Compound or Double Microscopes.— Sup¬ 
pose an object-glass ed, the segment of a very small 



sphere, and the object ad placed without the focus f. 
Suppose an eye-glass 011, convex on both sides, and the 
segment of a sphere greater than that of de, though not 


too great ; and, the focus being at K, let it be so disposed 
behind the object, that cf:cl::cl: ck. Lastly sup¬ 
pose lk : lm : : lm : Li. If then o be the place where 
an object is seen distinct with the naked eye ; the eye 
in this case, being placed in 1, will see the object ab 
distinctly, in an inverted position, and magnified in the 
compound ratio of mk x lc to lk x co ; as is proved 
by the laws of dioptrics ; that is, the image is larger than 
the object,,and we arc able to view it distinctly at a less 
distance. For example—It the image be 20 times larger 
than the object, and by the help of the eye-glass we arc- 
able to view it 5 times nearer than we could have done 
with the naked eye, it will, on both these accounts, be 
magnified 5 times 20, or 100 times. 

Laws of Double M ic rosco p es . 

1. The more an object is magnified by the microscope, 
the less is its field, i.e. the less ot it is taken in at one view. 

2. -To the same eye-glass may be successively applied 
object-glasses of various spheres, so as that both the entire 
objects, but less magnified, and their several parts, much 
more magnified, muy be viewed through the same micro¬ 
scope. In which case, on account of the different distance 
of the image, the tube in which the lenses arc fitted should 
be made to draw out. 

3. Since it is proved, that the distance of the image LK, 
from the object-glass de, will be greater, if another lens, 
concave on both sides, be placed before its focus; it fol¬ 
lows, that the object will be magnified the more, if such 
a lens be here placed between the object-glass de, and the 
eye-glass c ii. Such a microscope is much commended by 
Conradi, who used an object-lens, convex on both sides, 
whose radius was 2 digits, its aperture equal to a mustard- 
seed ; a lens, concave on both sides, from 12 to 16 digits; 
and an eye-glass, convex on both sides, of.6 digits. 

4. Since the image is projected to the greater distance, 

the nearer another lens, of a segment of a larger sphere, is 
brought to the object-glass ; a microscope may be com¬ 
posed of three lenses, which Will magnify to a prodigious 
extent. \ 

5. From these considerations it follows, that the object 
will be magnified the more, as the eye-glass is the segment 
of a smaller sphere; but the field ol vision will be ,the 
greater, as thp same is a segment of a larger sphere. 
Therefore if two eye-glasses, the one a segment of a larger 
sphere, the other of a smaller one, be so combined, as that 
the object appearing very near through them, He. not 
farther distant than the focus of the first, be yet distinct; 
the object,* at. the same time, will be vastly magnified, and 
the field of vision much greater than if only one lens was 
used; and the object will be still more magnified, and the 
field enlarged, if both the object-glass and eye glass be 
double. But because an object appears dim when viewed 
through so many glasses, part of the rays being reflected 
in passiug through each, it is not advjseablc greatly to 
multiply,glasscs; so that, among compound microscopes, 
the best arc those which consist of one object-glass and 
two eye-glasses. 

Dr. Hooke, in the preface to his Micrography, says, 
that in most of his observations -lie used a microscope of 
this kind, with a middle eye-glass of a considerable diame¬ 
ter, when he wanted to sec much of the object at one view, 
and took it out when he would examine the small parts 
of an object more accurately ; for the fewer refractions 
there arc, the more light and clear the object appears. 

For a iniscroscopc of three lenses Dc Chalcs recoin- 
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mends an object-glass of or £ of a digit ; and the fn it 
eye-glass he makes 2 or 24 digits ; and the distance be¬ 
tween the object-glass and eye-glass about 20 lines. Con¬ 
rad i had an excellent miscroscopc, whose object-glass was 
halt a digit, and the two eye-glas>es (which were placed 
very near) 4 digits ; but it answered best when, instead of 
the object-glass, he used two glasses, convex on both sides, 
their sphere about a digit and a half, and at most 2, and 
their convexities touching each other within the space of 
half a line. Eustachio Divini, instead of an object-glass 
convex on both sides, used two plano-convex lenses, whose 
convexities touched. Grindeli did the same; only that 
the convexities did not quite touch. Zahnius made a 
binocular microscope, witji which both eyes were used. 
But the most commodious double microscope, it is said, 
is that of our countryman Mr. Marshal; though some im¬ 
provement was made in it by Mr. Culpepper and Mr. 
Scarlet. These are exhibited in figures 5 and 6. 

It is observed, that compound microscopes sometimes 
exhibit a fallacious appearance, by representing convex 
objects concave, and vice versa. Philos. Trans. No.476, 
pa. 387. 

To fit microscopes, as well as telescopes, to short-sighted 
eyes, the object-glass and the eye-glass must be placed a 
little nearer together, so that the rays of each pencil may 
not emerge parallel, but may fall diverging upon the eye. 

1Reflecting Microscope, is that which magnifies by re¬ 
flection, as the foregoing ones do by refraction. The in¬ 
ventor of this microscope was Sir Isaac 
Newton. The structure of such a mi¬ 
croscope may be conceived thus: near 
the focus of a concave speculum ab, 
place a minute object c, that its image 
may be formed larger than itself in d ; to 
the speculum join a lens, convex on both 
sides, ef, so as the image p may be in its 
focus. The eye will here see the image 
inverted, hut distinct, and enlarged; con¬ 
sequently the object will be larger than 
if viewed through the lens alone. 

Any telescope is changed into a microscope, by remo¬ 
ving the object-glass to a greater distance from the eye¬ 
glass. And since the distance of the image is various, ac¬ 
cording to the distance of the object from the focus ; and 
it is magnified the mure, as its distance from the object- 
glass is greater; the same telescope may be successively 
changed into microscopes which magnify the object in 
different degrees. Sec some instruments of this sort de¬ 
scribed in Smith's Optics, Remarks, pa. 94. 

Solar Microscope, called also the Camera Obscura 
Microscope, was invented by Mr. Liebcrkuhn, in 1738 or 
1739» and consists of a tube, a looking-glass, a convex 
lens, and a Wilson's microscope. The tube (fig. 7) is 
brass, near 2 inches in diameter, fixed in a circular collar 
of mahogany, with a groove on the outside of its periphery, 
denoted by 2, 3, and connected by a cat-gut to the'pulley 
4 on the upper part; which turning round at pleasure, 
by the pin 5 within, in a square frame, may be easily ad¬ 
justed to a hole in the shutter of a window, by the screws 
i, i, so closely, that no light can enter the room but through 
the tube of the instrument. The mirror o is fastened to 
the frame by hinges, on the side that goes without the 
window : this glass, by means of a jointed brass wire, 6,7, 
and the screw n 8, coining through the frame, may be 
moved either vertically or horizontally, to throw the sun's 



rays through the brass tube into the darkened room. 
The end of the brass tube without the shutter ha> a con¬ 
vex lens, 5, to collect the rays thrown on it by the glass 
g, and bring them to a focus in the other part, where it is 
a tube sliding in and out, to adjust the object to a due 
distance from the focus. And to the end g of another tube 
y, is screwed one of WiUoi/s simple pocket microscopes, 
containing the object to be magnified in a slider ; and by 
tube F, sliding on the small end l, ot the other tube i>, it 
is brought to a true focal distance. 

The solar microscope has been introduced into the 
small and portable camera obscura, as well as the large 
one: and it the image be received on a piece of half- 
ground glass, shaded from the light of the sun, it w ill be 
sufficiently visible. Mr. Liebcrkuhn made considerable 
improvements in his solar microscope, particularly in 
adapting it to the viewing of opaque objects ; and M 
Aepinus, Nov. Com. Pctrop. vol. 9, pa. 326, has con¬ 
trived, by throwing the light upon the ioreside of any object, 
before it is transmitted through the object-lens, to repre¬ 
sent all kinds of objects by it with equal advantage. In ibis 
improvement, the body of the common solar microscope 
is retained, and only an addition made of two brass plates, 
AB, AC (fig. 8), joined by a hinge, and held at a proper 
distance by a screw. , A section of these plates, and of 
all the necessary parts of the instrument, may be seen in 
fig. 9. wh ere a c represent rays of the sun converging from 
the illuminating lens, and falling upon the mirror bd, 
which is fixed to the nearer of the two brass plates. From 
this they arc thrown upon the object at ef, and are thence 
transmitted through the object-lens at k, and a per¬ 
foration in the farther plate, upon a screen, as usual. The 
use of the screen n is to vary the distance of the two plates, 
and thereby to adjust tire mirror to the object with the 
greatest exactness. M. Euler also contrived a method 
of introducing vision by reflected light into this micro¬ 
scope. 

The MiCROscopK/or Opuyue Objects was also invented 
by M. Liebcrkuhn, about the same time with the former, 
and it remedies the inconvenience of having the dark side 
of an object next the eye; for by means of a concave 
speculum of silver, highly polished, having a magnifying 
lens placed in its centre, the object is so strongly illumi¬ 
nated, that it may be examined with case. A convenient 
apparatus of this kind, with 4 different speculums and 
magnifiers of different powers, was brought to perfection 
by Mr. Cuff. Philos. Trans. No. 458, § 9. 

Microscopic Objects. All things too minute to be 
viewed distinctly by the naked eye, are proper objects for 
the microscope. Dr. Hooke has distinguished them into 
these three general kinds; viz, exceeding small bodies, 
exceeding small pores, or exceeding small motions. The 
small bodies may be seeds, insects, animalcules, sands, 
salts, &c : the pores may be the interstices between the 
solid parts of bodies, as in stones, minerals, shells, &c. 
or the mouths of minute vessels in vegetables, or the pores 
of the skin, bones, and other parts of animals; the small 
motions, may be the movements of the several parts or 
members of minute animals, or the motion of' the fluids, 
contained either in animal or vegetable bodies. Under* 
one or other of these three general heads, almost every 
thing about us affords matter of observation, and may con¬ 
duce both to our amusement and instruction. 

Great caution is to be used in forming a judgment on 
what is seen by the microscope, if the objects are ex- 
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tended or contracted by force' or dryness. Nothing can 
be determined about them, without making the proper 
allowances; and different lights and positions will often 
show the same object as very different from itself. There 
is no advantage in any greater magnifier than such as is 
capable of showing the object in view distinctly ; and the 
less the glass magnifies, the more pleasantly the object is 
always seen.—The colours of objects arc very little to be 
depended on, as seen by the microscope ; for their several 
component particles, being thus removed to great dis¬ 
tances from one another, may give reflections very differ¬ 
ent from what they would, if seen by the naked eye.— 
The motions of living creatures too, or of the fluids con¬ 
tained in their bodies, are by no means to be hastily 
judged of from what we see by the microscope, without 
due consideration; for as the moving body, and the space 
in which it moves, are magnified, the motion must also be 
magnified ; and therefore that rapidity with which the 
blood seems to pass through the vessels of small animals, 
must be judged of accordingly. Baker on the Micro-, 
scope, pa. 52, 62, &c. See also an elegant work on this 
subject, published by that ingenious optician, the late Mr. 
George Adams. 

The following directions are given for using the New 
Universal Pocket Microscope, made and sold by \V. & S. 
Jones, opticians, Holborn, London. See fig. 4, pi. 33. 

“ This microscope is adapted to the viewing of all sorts 
of objects, whether transparent, oropake; and for in¬ 
sects, flowers, animalcules, and the infinite variety of the 
minutid of nature and art, will be found the most complete 
and portable, for the price, of any hitherto contrived. 

u Place the square pillar of the microscope in the square 
socket at the foot d, and fasten it by the pin, as shown in 
the figure. Place also In the foot, the reflecting mirror c. 
There are three lenses at ithe top shown at a, which serve 
to magnify the objects. By using these lenses separately 
or combined, you make seven different powers, When 
transparent objects, such as arc in the ivory sliders No. 4, 
are to be viewed, you place the sliders over the spripg, at 
the underside of the stage b ; then looking through the 
lens or magnifier, at a, at the same time reflect up the 
light, by moving the mirror c below, and move gently, 
upwards or downwards as may be necessary, the stage b 
on its square pillar, till you sec the object illuminated and 
distinctly magnified; and in this manner for* the other 
objects. • / 

“ For animalcules, you unscrew the brass box that is 
fitted at the stage b, containing two glasses, and leave 
the undermost glass upon the stage, to receivo the fluids. 
If you wish to view thereon any moving insect* &c, it 
may be confined by screwing on the cover: of the two 
glasses, the concave is best for fluids. Should the objects 
be opake, such as seeds, &c; they are to be placed upon 
the black and white ivory round piece, No. 3, which is 
fitted also to the stage b. If the objects arc of a dark 
colour, you place them contrastcdly on the white side of 
the ivory. If they arc of a white, or a light colour, upon 
the blackened side. Some objects will be more conve¬ 
niently viewed, by sticking them on the point of No. 2 ; 
or between the nippers at the other end, which open by 
pressing the two little brass pins. This apparatus is also 
fitted to a small hole in the stage, made to receive the sup¬ 
port of the wire. . 

u The brass forceps, No. 1 , serve to take up any small 
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object by, in order to place them on the stage for view. 
The instrument may be readily converted into a hand 
microscope, to view objects against the common light; and 
which, for some transparent ones, is better so. It is done 
by only taking out the pillar from its foot in d, turning it 
half round, and fixing it in again; the foot then becomes 
a useful handle, and the reflector c is laid aside. The 
whole apparatus packs into a fish-skin case, 4} inches 
long, 2 } inches broad, and 1 $ inches deep. 

44 For persons more curious and nice in these instruments, 
there is contrived a useful adjusting screw to the stage, re¬ 
presented at e .• It is first moved up and down like the 
other, to the focus nearly, and made fast by the small 
screw. The utmost distinctness of the object is then ob¬ 
tained, by gently turning the long fine-threaded screw, at 
the same time you arc looking through the magnifiers a. 

In this case, there may be also added an extraordinary 
deep magnifier, and a concave silver speculum, with a 
magnifier to screw on at a, which will serve for viewing 
the very small and opake objects in the completcst man¬ 
ner, and render the instrument as comprehensive in its 
uses and powers, as those formerly sold under the name 
of Wilson's Microscope." 

MIDDLF. Latitude , is half the sum of two given lati¬ 
tudes; or the arithmetical mean, or the middle between 
two parallels of latitude. ' Therefore, if the latitudes be 
of the same name, either both north or both south, add • 
the 011 c number to the other, and divide the sum by 2 ; 
the quotient is the middle latitude, which is of the same 
name with the two given latitudes. But if the latitudes 
be of different names, the one north and the other south ; 
subtract the less from the greater, and divide the re¬ 
mainder by 2 , so shall the quotient be the middle lati- 
titude, of the same name with the greater of the two. 

Ex. 1. Ex. 2. 

One lat. 35° 27' N. 35° 27' S. 

the other 21 _13 N. 21_13 N. 

2 ) 56 40 2 ) 14 14 

Mid. lat. 23 20 N. Mid. lat. 7 7 S. 

Middle Latitude Sailing , is a method of resolving the 
cases of globular sailing, by means of the middle latitude, 
on the principles of plain and parallel sailing jointly. 
This method is not quite accurate, yet often agrees pretty 
nearly with Mercator's sailing, and is founded on the fol¬ 
lowing principle, viz, that the departure is accounted a 
meridional distance in the middle latitude between the 
latitude sailed Trom and the latitude arrived at,—This 
artifice seems to have been invented, on account of the 
easy manner in which the several crises may be resolved 
by the traverse table, and to serve whore a tabic of meri¬ 
dional parts are wanting. . It is sufficiently near the truth 
cither when the two parallels arc near the equator, or not 
far distant from each other, in any latitude. It is per¬ 
formed by these two rules: 

1. As the cosine of the middle latitude: 

Is to radius : : 

So is the departure : 

To the difference of longitude 

2. As the cosine of the* middle latitude: 

Is to the tangent of the course : : 

So is the difference of latitude : 

To the difference of longitude 

Ex. A ship soils from latitude 37° north, steering con¬ 
stantly N. 33° 19' cast, for 8 days, when she was found 
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in latitude 51° 18' north ; required her difference of lon¬ 


gitude. 

51° 18' 51° 18' 

37 00 37 00 

2 ) "88 T5T Diff. lat. 1+ 18 = 858 m. 

As cos. mid. 1. 44 0.9 - O’14417 

To tang. cour. 33 19 - 981776 

So diff. lat. 858 - 2*93349 

To diff. long. 786 - 2 89542 


or 13° 6' dift‘. of long, sought. 

Middle Region. See Region. 

MID Heaven, Medium C<zh\ is that point of the eclip¬ 
tic which culminates, or is highest, or is in the meridian 
at any time. 

MIDSUMMER-Doy, is held on the 24th of June, the 
same day as the nativity of St. John the Baptist. 

MILE, a long measure, by which the English, Italians, 
and some other nations, use to express the distance be¬ 
tween places : the same as the French use the word league. 
The mile is of different lengths in different countries. 
The geographical, or Italian mile, contains 1000 geome¬ 
trical paces, mille passus, whence the term mile is derived. 
The English mile consists of 8 furlongs, each furlong of 
40 poles, and each pole of 16} feet; so that the mile is 
= 8 furlongs = 320 poles = 1760 yards = 5280 feet. 

The following table shows the length of the mile, or 
league, in the principal nations of Europe, expressed in 
geometrical paces, the pace being accounted equal to 
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Georaet. Paces. 


Yards. 

Mile of Russia 


750 

- 

1100 

of Italy 

- 

1000 

- 

1467 

of England 

- 

1200 

- 

1760 

of Scotland and Ireland 1500 

- 

2200 

Old league of France 

- 

1500 

- 

2200 

Small league, ibid. 

- 

2000 

- 

2933 

Mean league of France 

- 

2500 

- 

3667 

Great league, ibid. 

Mile of Poland 

- 

3000 

- 

4400 


3000 

• 

4400 

of Spain 

- 

3428 

• 

5028 

of Germany 

»• 

4000 

- 

5867 

of Sweden 

• 

5000 

• 

7333 

of Denmark 

- 

5000 

*» 

7333 

of Hungary 

- 

6000 


8800 

MILITARY Architecture. 

The* same 

with 

Fortifica- 


Cion. 

MILKY Way, Via Laciea, or Galaxy , a broad track 
or path, encompassing the whole heavens, distinguishable 
by its white appearance, whence it obtains the name. It 
extends itself in some parts by a double path, but for the 
most part it is single. Its course, lies through the constel¬ 
lations Cassiopeia, Cygnus, Aquila, Perseus, Andromeda, 
part of Opbiucus and Gemini, in the northern hemisphere; 
and in the southern, it takes in part of Scorpio, Sagittarius, 
Centaurus, the Argonavis, and the Ara. There are some 
traces of the same kind of light about the south pole, but 
they are small in comparison with this: these are called 
by some, luminous spaces and Magellanic clouds; but 
they seem to be of the same kind with the milky way. 

The milky way has been ascribed to various causes. 
The ancients fabled, that it proceeded from a stream of 
milk, spilt from the breast of Juno, when she pushed away 
the infant Hercules, whom Jupiter laid to her breast to 
render him immortal. Some again, as Aristotle, &c ? 


imagined that this path consisted only of a certain exha¬ 
lation hanging in the air; while Metrodorus, and some 
Pythagoreans, thought the sun bad once gone in this track, 
instead of the ecliptic; and consequently that its white¬ 
ness proceeds from the remains ot his light. Hut it 
is now found, by the help of telescopes, that this track in 
the heavens consists of an immense multitude of stars, 
seemingly very close together, whose mingled light gives 
this appearance of whiteness ; by Milton beautifully de¬ 
scribed as a path u powdered with stars." Dr. Hcrschel 
accounts it a stratum of nebulous matter. 

MILL properly denotes a machine for grinding corn, 
&c ; but in a more general signification, is applied to all 
machines whose action depends on a circular motion. 
Of these there arc several kinds, according to the various 
methods of applying the moving power ; as water-mills, 
wind-mills, horse-mills, hand-mills, &c, and even steam- 
mills, or such as are worked by the force of steam, as that 
noble structure that was erected near Blacklriars Bridge, 
called the Albion Mills, which was unfortunately destroyed 
by fire. 

The water acts both by its impulse and weight in an 
overshot Water-mill^ but only by its impulse in an under¬ 
shot one; but here the velocity is greater, because the 
water is suffered to descend to a greater depth before it 
strikes the wheel. Mr. Ferguson observes, that where 
there is but a small quantity of water, and a fall great 
enough for the wheel to lie under it, the bucket or over¬ 
shot wheel is always used : but where there is a large 
body of water, with a little fall, the breast or float-board 
wheel must take place: and where there is a large supply 
of water, as a river, or large stream or brook, with very 
little fall, then the undershot wheel is the easiest, cheapest, 
and most simple structure. 

Dr. Dcsaguliers, having had occasion to examine many 
undershot and overshot mills, generally found that a 
well made overshot mill ground as much corn, in the 
same time, as an undershot mill docs with ten times as 
much water: supposing the fall of water at the ever- 
shot to be 20 feet, and at the undershot about 6 or 7 
feet: and he generally observed that the wheel of the 
overshot mill was of 15 or l6 feet diameter, with a head 
of water of 4 or 5 feet, to drive the water into the buckets 
with some momentum. 

In water-mills, some persons have given the preference 
to the undershot wheel, but most writers prefer the 
overshot one. M. Bclidor greatly preferred the under¬ 
shot to any other construction. He had even con¬ 
cluded, that water applied in this way would do more 
than 6 times the work of an overshot wheel ; while Dr*. 
Dcsaguliers, in overthrowing Belidor's position, deter¬ 
mined that an overshot wheel would do 10 times the 
work of an undershot wheel, with an equal quantity of 
water. So that between these two celebrated authors, 
there is a difference of no less than 60 to 1. In conse¬ 
quence of such striking disagreement, Mr. Smeaton began 
the course of experiments mentioned below. 

In the Phijos. Trans, vol. 51, for the year 1759> we 
have a large paper with experiments on mills turned 
both by water and wind, by that ingenious and experi¬ 
enced engineer Mr. Smeaton. From those experiments 
it appears, pa. .129* that the effects obtained by the 
overshot wheel are generally 4 or 5 times as great a$ 
those with the undershot wheel, in the same time, with 
the saniS expense of water, descending from the same 
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height above the bottom of the wheels ; or that the former 
performs the same effect as the latter, in the same time, with 
an expense of only onc-4th or one-5th of the water, from 
the same head or height. And this advantage seems to 
arise from the water lodging in the buckets, and so carry¬ 
ing the wheel about by their weight. But, in pa. 140, 
Mr. Smcaton reckons the effect of overshot, only double 
to that of the undershot wheel. And hence he infers, in 
general, “ that the higher the wheel is in proportion to 
the whole descent, the greater will be the effect; because 
it depends less upon the impulse of the head, and more 
upon the gravity of the water in the buckets. However, 
as every thing has its limits, so has this; for thus much 
is desirable, that the water should have somewhat greater 
velocity, than the circumference of the wheel, in corning 
upon it; otherwise the wheel will not only be retarded, 
by the buckets striking the water, but dashing a part of 
it over, so much of the power is lost." He is further of 
opinion, that the best velocity for an overshot wheel is 
when its circumference moves at the rate of about 3 feet 
in a second of time. See Wind-Mill. 

Considerable differences have also arisen as to the 
mathematical theory of the force of water striking the 
floats of a wheel in motion. M. Parent, Mnclaurin, 
Dcsaguliers, &c, have determined, by calculation, that a 
wheel works to the greatest effect, when its velocity is 
erjual to one-third of the velocity of the water which 
strikes it ; or that the greatest velocity that the wheel 
acquires, is one-third of that of the water. And this 
determination, which has been followed by all mathema¬ 
ticians, till very lately, necessarily results from a position 
which they assume, viz, that the force of the water 
against the wheel, is proportional to the square of its 
relative velocity, or of the difference between the abso¬ 
lute velocity of the water and that of the wheel. And 
this position is itself an inference which they make from 
the force of water striking a body at rest, being as the 
square of the velocity, because the force of each particle 
is as the velocity it strikes with, and the number of 
particles or the‘whole quantity that strikes is also as 
the same velocity. But when the water strikes a body in 
motion, the quantity of it that strikes is still as the abso¬ 
lute velocity of the water, though the force of each parti¬ 
cle be only as the relative velocity, or that with which 
it strikes. Hence it follows, that the whole force or 
effect is in the compound ratio of the absolute and rela¬ 
tive velocities of the water; and therefore is greater 
than the above-mentioned effect or force, in the ratio of 
the absolute to the relative velocity. The effect of this 
correction is, that the maximum velocity of the wheel 
becomes one half the velocity of the water, instead of 
one-third of it only: a determination which nearly agrees 
with the best experiments, as those of Mr. Smcaton. 

This correction has been lately made by Mr. W. Waring, 
in the 3d volume of the Transactions of the American Phi¬ 
losophical Society, pa. 144. This ingenious writer says, 
1 Being Jatcly requested to make some calculations rela¬ 
tive to mills, particularly Dr. Barker's construction as 
improved by James Ilumsey, I found more difficulty in 
the attempt than I at first expected. It appeared neces¬ 
sary to investigate new theorems for tlie purpose, as there 
arc circumstances peculiar to this construction, which arc 
not noticed, I believe, by any author; and the theory of 
mills, as hitherto published, is very imperfect, which I 
conceive to be the reason it has been of so little use to 
practical mecnaniwo. 


‘ The first step, then, toward calculating the power of 
any water-mill (or wind-mill), or proportioning their parts 
and velocities to the greatest advantage, seems to be, 

‘ The Correction of an Essential Mistake adopted by Writers 

on the Theory of Mills. 

‘ This is attempted with all the deference due to emi¬ 
nent authors, whose ingenious labours have justly raised 
their reputation and advanced the sciences ; but when any 
wrong principles arc successively published by a series of 
such pens, they arc the more implicitly received, and more 
particularly claim a public rectification; which must be 
pleasing, even to these candid writers themselves. 

A very ingenious writer in England, ‘ in his masterly 
treatise on the rectilinear motion and rotation of bodies, 
published so lately as 1784, continues this oversight, with 
its pernicious consequences, through his propositions and 
corollaries (pa. 275 to 284), although he knew the 
theory was suspected: for he observes (pa. 382) “ Mr. 
Smcaton in his paper on mechanic power (published in 
the Philosophical Transactions for the year 1776) allows, 
that the theory usually given will not correspond with 
matter of fact, when compared with the motion of ma¬ 
chines; and seems to attribute this^disagreement, rather 
to deficiency in the theory, than to the obstacles which 
ha\e prevented the application of it to the complicated 
motion of engines, &cc. In order to satisfy himseli con¬ 
cerning the reason of this disagreement, he constructed a 
set of experiments, which, from the known abilities and 
ingenuity of the author, certainly deserve great considera¬ 
tion and attention from every one who is interested in 
these inquiries." And notwithstanding the same learned 
author says, “ The evidence upon which the theory rests 
is scarcely less than mathematical;” I am sorry to find, 
in the present state of the sciences, one of his abilities 
concluding (pa. 380), “ It is not probable that the theory 
of motion, however incontestable its principles may be, can 
afford much assistance to the practical mechanic,” al¬ 
though indeed his theory, compared with the above-cited 
experiments, might suggest such an inference. But to 
come to the point, I would just premise these 

* Definitions. 

‘ If a stream of water impinge against a wheel in motion, 
there arc three different velocities to be considered, apper¬ 
taining thereto, viz, 

* First, the absolute velocity of the water; 

‘ Second, the absolute velocity of the wheel; 

* Third, the relative velocity of the water to that of the 

wheel, i. e. the difference of the absolute velocities, or the 
velocity with which the water overtakes or strikes the 
wheel. ' 

‘ Now the mistake consists in supposing the momentum 
or force of the water against the wheel, to be in the du¬ 
plicate ratio of the relative velocity: Whereas, 

* Prop. I. * 

* The force of an Invariable Stream, impingeing against 
a Mill-wheel in Motion, is in the Simple Direct Propor¬ 
tion of the Relative Velocity. 

• ‘ For, if the relative velocity of a fluid against a single 
plane be varied, either by the motion of the plane, or of 
the fluid from a given aperture, or both, then the number 
of particles acting on the plane in a given time, and Jiko- 
wiso the momentum of each particle, being respectively as 
the relative velocity, the force on both these accounts, 
must be in the duplicate ratio of the relative velocity, 
agreeably to the common theory, with respect to this 
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single plane: but, the number of these planes, or parts of 
the wheel acted on in a given time, will be as the velocity 
of the wheel, or inversely as the relative velocity; there¬ 
fore, the moving force of the wheel must be in the simple 
direct ratio of the relative velocity, q. e. d. 

* Or the proposition is manifest from this consideration ; 
fhat, while the stream is invariable, whatever be the velo¬ 
city of the wheel, the same number of particles or quan¬ 
tity of the fluid, must strike it somewhere or other in a 
given time; consequently the variation of force is only on 
account of the varied impingent velocity of the same body, 
occasioned by a change of motion in the wheel; that is, 
the momentum is as the relative velocity. Now, this true 
principle substituted for the erroneous one in use, will 
bring the theory to agree remarkably with the notable 
experiments of the ingenious Smcaton, before-mentioned, 
published in the Philosophical Transactions of the Royal 
Society of London for the year 1?60, vol. 51, for which 
the honorary annual medal yvas adjudged by the society, 
and presented to the author by their president. An in¬ 
stance or two of the importance of this correction may be 
adduced as below/ 

Prop. II. 1 ]' 

i The velocity of a wheel, moved by the impact of a 
stream, must be half the velocity of the fluid, to produce 
the greatest possible effect.—For let 

v = the velocity, tn == the momentum of the fluid ; 
v = the velocity,/) = the power of the wheel. 

Then v — d = the relative velocity, by def. 3d ; 

and as v : v — v : : m : x (v — v) = p (prop. 1 ); 

this multiplied by r>, gives pv = —* x (vp — v x ) = a max¬ 
imum ; hence vv — v x = a maximum, and its fluxion 

• • 

(d being the variable quantity) is vp — 2w = 0; there¬ 
fore v = jv, that is, the velocity of the wheel = half that 
• of the fluid, at the place of impact, when the effect is a 
maximum. Q. e. d.— The usilal theory -gives v = -J v ; 
where the error is not less than one third of the true velo¬ 
city of the wheel. 

1 This proposition is applicable to undershot-wheels, 
and corresponds with the accurate experiments before 
cited, as appears from the author's conclusion (Philos. 
Trans, for 1776, pa. 457)> viz, u The velocity of the wheel, 
which according to M. Parent's determination, adopted by 
Desaguliers and Maclaurin, ought to be no more than one 
third of that of the water, varies at the maximum in the 
experiments of table 1 , between one third and one half; 
but in all the cases there related, in which the most work 
is performed in proportion to the water expended, and 
which approach the nearest to the circumstances of great 
works when properly executed, the maximum lies much 
nearer one half than one third, one half seeming to be 
the true maximum, if nothing were lost by the resist¬ 
ance of the air, the scattering of the water carried up by 
the wheel, &c/' Thus he fully shows the common theory 
to have been very defective; but, I believe, none have 
since pointed out wherein the deficiency lay, nor how 
to correct it; and now we sec the agreement of the true 
theory with the result of his experiments/ For another 
-problem. 9 


Prop. III. 

€ Given, the momentum (m) 
and velocity (v) of the fluid at 
i, the place of impact; the ra¬ 
dius (r = is) of the wheel ABC; 
the radius (r = ds) of the small 
wheel dep on the same axle or 
shaft; the weight (u>) or resist¬ 
ance to be overcomeat d, and 
the friction (/) or force ne¬ 
cessary to move the wheel with¬ 
out the weight; required the 
velocity (v) of the wheel, 
&c/ 



4 Here we have v 


v — P 


V — D 

m : m x —— = the 


acting force at i in the direction ik, as before (prop. 2 ). 
Now r : r :: w : — = the power at i necessary to 

counterpoise the weight w; hence - 4 - / r_ the whole 
resistance opposed to the action of the fluid at I; which de¬ 
ducted from the moving force, leaves m x —~ — — —f= 

the accelerating force of the machine; which, when the 
motion becomes uniform, will be evanescent or = 0 ; 

therefore m x 


V — v 


= —- which gives 


v — v * (1 ~ — — = the true velocity required ; or, 

iC-we reject the friction, then v = v x (1 — —) j s the 
theorem for the velocity of the wheel. This, by the com¬ 
mon theory, would be v = v x (1 — \/^), which is too 

little by v^ — — v — . No wonder why we have hitherto 

derived so little advantage from the theory.' 

‘ Cokol. 1 .—If the weight (to) or resistance be re¬ 
quired, such as just to admit of that velocity which 
would produce the greatest effect; then, by substitu¬ 
ting for its equivalent v (by prop. 2), we have 

»v = v x (1 - ^ - —)■, hence tv = x r ; or, 

= 0, w = but theorists make this where the 


error is 


WR 

1 Sr 


* Corol. 2. We have also r = x R ; or, reject¬ 

ing friction, r = ^- f when the greatest effect is produced, 


a w 
4mR 


instead of r = as has been supposed: this is an im¬ 
portant theorem in the construction of mills.' 

In the same volume of the American Transactions, 
pa. 185, is another ingenious paper, by the same author, 
on the power and machinery of Dr. Barker's mill, as im¬ 
proved by Mr. James Humsey, with a description of it. 
This is a mill turned by the resisting force of a, stream of 
water that issues from an orifice, the rotatory part, in which 
that orifice is, being impelled the contrary way by its re¬ 
action against the stream that issues from it. 

Mr. Ferguson has given the following directions for . 
structing water-mills in the best manner; with a tabic of 
the several corresponding dimensions proper to a grciu vn* 


Vol. II. 
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riety oi perpendicular falls of the water. When the float- 
boards of the water-wheel move with a 3d part (it should 
be *) of the velocity of the water that acts upon them, 
tlie water has the greatest power to turn the mill: and 
when the millstone makes about 60 turns in a minute, it 
is found to perform its work the best: for, when it makes 
but about 40 or 50, it grinds too slowly; and when it 
makes more than 70 , it heats the meal too much,and cuts 
the bran so small that a great part of it mixes with the meal, 
and cannot be separated from it by sifting or bouhing. 
Consequently the utmost perfection of mill-work lies in 
making the train so as that the millstone shall make about 
60 turns in a minute when the water-wheel moves with a 
3d part of the velocity of the water. To have it so, observe 
the following rules: 

1. Measure the perpendicular height of the fall of water, 
in feet, above the iniddlqof the aperture, where it is let out 
to act by impulse against the float-boards on the lowest 
side of the undershot wheel. 

2. Multiply that height of the fall in feet by the con¬ 
stant number fi4j, and extract the square root of the 
product, which will be the velocity of the water at the bot¬ 
tom of the fall, or the number of feet the water moves per 
second. 

3. Divide the velocity of the water by 3 (or 2) ; and the 


j MIN 

quotient will be the velocity of the floats of the wheel in icet 
per second. 

4. Divide the circumference of the wheel in feet, by the 
velocity of its floats ; and the quotient will be the number 
of seconds in one turn or revolution of the great water¬ 
wheel, on the axis of which is fixed the cog-wheel that 
turns the trundle. 

5. Divide CO by the number of seconds ill one turn 
of the water-wheel or cog-wheel; and the quotient will be 
the number of turns of cither of these wheels in a minute. 

6. Divide 60 (the number of turns the millstone ought 
to have in a minute) by the abovesaid number of turns; 
and the quotient will be the number of turns the mill¬ 
stone ought to have for one turn of the water or cog¬ 
wheel. Then, 

7. As the required number of turns of the millstone In a 

minute, is to the number of turns of the cog-wheel in a 
minute, so must the number of cogs in the wheel, be to 
the number of staves or rounds in the trundle on the 
axis of the millstone, in the nearest whole number that 
can be found. * . 

By these rules the following table is calculated; in 
which, the diameter of the water-wheel is supposed 18 feet, 
and consequently its circumference 56$ feet, and the dia¬ 
meter of the millstone is 5 feet. 


The MilUWright'S' Table, 


Perpendicular 
height of the 
fall of water. 


Velocity of 
the water in 
fert per sc- 
cond. 



802 

11-40 

13-89 

1604. 

17-93 

19-64 

21-21 

22-68 

24- 05 

25- 35 

26*59 

2777 

28-91 


31-05 
32 07 
3306 
3402 
34*95 
35-86 


For the theory, &c, of wind-mills, see Wind-Mi//. 

MILLION, the number of ten hundred thousund, or a 
thousand times a thousand. 

MINE, in Fortificution, &c, is a subterraneous canal or 
passage, dug under any place or work intended to be 
blown up by gunpowder. The passage of a mine leading 
to the powder ii called the Gallery ; and the extremity, 
or place where the powder is placed, is called the Cham¬ 
ber. The line drawn from the centre of the chamber per- 


Velocity of 
the wheel in 
feet per ur- 
cond. 

Number of 
turns of the 
uhccl in a 
minute. 

Required 
number of 
turns of tho 
millstone for 
each turn of 
the wheel. 

Nearest num¬ 
ber of cogs 
and staves for 
that purpose. 

Cogs. Staves. 

267 

2-83 

21-20 

127 

6 

378 

400 

15-00 

105 

7 

4-63 

4-9» 

12-22 

98 

8 

5-35 

5-67 

10-58 

95 

9 

5-98 

6-34 

946 

. 85 

9 

6- 55 

6-94 

8-64 

78 

9 

707 

7*50 

800 

72 

9 

756 

802 

7*48 

67 

9 

802 

8-51 

7-05 

70 

10 

845 

8*97 

669 

67 

10 

886 

9-40 

6-38 

64 

10 

9-26 

9'82 

6-il 

61 

10 

9 - 6*4 

1022 

5*87 

59 

10 

10-00 

10-60 

5-66 

56 

10 

10*35 

10-99 

5-46 

55 

10 

10-69 

11-34 

5-29 

53 

10 

1102 

1170 

513 

51 

10 

11*34 

1202 

4*99 

50 

10 

11-65 

12-37 

4-85 

49 

10 

11-92 

12*68 

4-73 

4 1 

10 


Number of 
turns of the 
millstone for 
one turn of 
the wheel hy 
these cogs and 
staves. 


5-60 

5-40 

5-30 

5-10 

500 

4-80 

470 


Number of 
turns of the 
millstone in a 
minute by 
these cogs 
ami state*. 


91 

<)(> 

14 

87 

84 

10 

00 

67 

57 

09 

16 

90 

18 

36 

48 

10 

67 

10 

61 

59 
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pendicular to the nearest surface, is called the Line of least 
Resistance ; and the pit or hole, made by the mine when 
sprung, or blown up, is called the Excavation. The 
mines made by the besiegers in the attack of a place, are 
called simply Mines; and thoso made by the besieged. 
Counter-mines. 

The fire is conveyed to the mine by a pipe or hose, 
mndc of coarse cloth, of about an inch and half in dia¬ 
meter, called Saucisson, extending from the powder in the 
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chamber to the beginning or entrance of the gallery, to 
the end of which is fixed a mutch, that the miner who 
sets fire to It may have time to retire before it reaches the 
chamber. 

It is found by experiments, that the figure of the exca¬ 
vation made by the explosion of the powder, is nearly a 
paraboloid, having its focus in the centre of the powder, 
and its axis the line of least resistance; its diameter being 
more or less according to the quantity of the powder, to 
the same axis, or line of least resistance. Thus, M. 
1 lei id or lodged 7 different quantities of powder in as many- 
different mines, of the same depth, or line of least resistance, 
) O feet; the charges and greatest diameters of the excava¬ 
tion, measured after the explosion, were as follow : 




Powder. 

Diam. 

1st 

4 

1201b - 

22f feet 

2.1 

- 

160 

2G 

3d 

- 

200 

29 

4th 

- 

240 

31 f 

5th 

- 

280 

33i 

6th 

- 

320 

36 

7th 

% 

360 

38 


From which experiments it appears, that the excavation, 
or quantity of earth blown up, is in the same proportion 
with the quantity of powder; whence the charge of pow¬ 
der necessary to produce any other proposed effect, will be 
had by the rule of proportion. 

Mike -Dial, is a box aud needle, with a brass ring di¬ 
vided into 36o degrees, with several dials graduated upon 
it, commonly made for the use of miners. 

MINERALOGY, is that branch of philosophy which 
treats of the physical and chemical properties of unor¬ 
ganized bodies; commonly called crude matter, or mi¬ 
nerals; by which we are enabled to determine their 
distinctive characters, and their particular rank in the ge¬ 
neral system: and is thus distinguished from geology, 
which treats, more particularly, of the reciprocal position 
of the different species of minerals, and of the masses com¬ 
posed of two or more of these species. 

MINU I’E, is the 6oth part of a degree, or of an hour. 
The minutes of a degree arc marked with the acute accent, 
thus'; the seconds by two, "; the thirds by three, The 
minutes, seconds, thirds, &c, in time, are sometimes 
marked the same way; but, to avoid confusion, the better 
way is, by the initials of the words; as minutes'", seconds*, 
thirds*, &c. 

Min ute, in Architecture, usually denotes the GOth part 
of a module, but sometimes only the 30th part. 

MIRROR, a speculum, looking-glass, or any other 
polished body, the use of which is to form the images of 
distinct objects by reflexion of the rays of light. Mirrors 
arc either plane, convex, or concave. The first sort re¬ 
flects the rays of light fn a direction exactly similar to that 
in which they fall Upon it, and therefore represents bodies 
in their natural magnitude. Rut the convex ones make 
the rays diverge much more than before reflexion, and 
therefore greatly diminish the images of those objects 
which they exhibit: while the concave ones, by collecting 
the rays into a focus, not only magnify the objects they 
show, but will also burn very fiercely when exposed to the 
rays of the sun ; and hence they nrc commonly known by 
the name of Burning Mirrors. 

In ancient times, the mirrors were made of some kind 
of metal; and from a passage in the Mosaic writings we 
learn, that the’ mirrors used by the Jewish women, were 


made of brass; a practice doubtless learned from the 
Egyptians. Any kind of metal, when well polished, will 
reflect very powerfully ; but of all others, silver reflects 
the most, but it is too expensive a material for common 
use. Gold is also very powerful ; and all metals, or even 
wood, gilt and polished, will act with considerable eflect 
as burning mirrors. Even polished ivory, or straw nicely 
plaited together, will form mirrors capable of burning if 
on a large scale. 

Since the invention of glass, and the application of 
quicksilver to it, have become generally known, it lias been 
universally employed for those plane mirrors used as orna¬ 
ments to houses; but in making reflecting telescopes they 
have been found much inferior to metallic ones. It does 
not appear however that the same superiority belongs to 
the metallic burning mirrors, considered merely as burn¬ 
ing spcculums ; since the mirror with which Mr. Macqucr 
melted platina, though only 22 inches diameter, and made 
of quicksilvered glass, produced much greater effects than 
M. Villettc’s metal speculum, which was of a much larger 
size. It is very probable, however, that M. Villcttc’s mir¬ 
ror was not so well polished as it ought to have been ; as 
thei art of preparing the metal for taking the finest polish, 
has but lately been discovered, and published in the 
Philos. Transactions, by Dr. Mudge of Plymouth, and, 
after him, by Mr. Edwards, Dr. Hcrschel, 6lc. 

Some of the more remarkable laws and phenomena of 
plane mirrors, arc as follow:—1. A spectator will see his 
image of the same size, and erect, but reversed as to right 
and left, and as far beyond the speculum as he is before it. 
As be moves to or from the speculum, his image will, at 
the same time, move towards or from the speculum also on 
the other side. In like manner if, while the spectator 
is at rest, an object be in motion, its image behind tho 
spqculum will be seen to move at the same rate. Also when 
the spectator moves, the images of objects that arc at rest 
will appear to approach or recede from him, after tho 
same manner as when he moves towards real objects. 

2. If several mirrors, or several fragments or pieces of 

mirrors, be all disposed in the same plane, they will only 
exhibit an object once. i . . I m : 

3. If two plane mirrors, or spcculums, meet in any 

angle, the eye, placed within that angle, will sec the image * 
of an object placed within the same, as often repeated as 
there may be perpendiculars drawn determining the places 
of the images, and terminated without the angle. Hence, 
as the more perpendiculars, terminated without the angle, 
may be drawn us the angle is more acute ; the acuter the 
angle, the more numerous the images. Thus, Z. Traber 
found, at an angle of yd of a circle, the image wus re¬ 
presented twice, at $th thrice, at £th five times, and at 
yiyth eleven times. u.< i 

Further, if the mirrors be placed upright, and so con¬ 
tracted ; or if you retire from them, or approach to them, 
till the images reflected by them coalesce, or run into one, 
they will appear monstrously distorted. Thus* if they be 
at an angle somewhat greater than a right one, the image 
of one's face will appear with, only one eye ; if tho angle 
be lejs than a right one, you will see 3 eyes, 2 noses, = 2 
mouths, &c. At an angle still less, the body will have two 
heads. At an angle somewhat greater than a right one, * 
at the distance of 4 feet, the body will be headless, &c. 
Again, if the mirrors be pluccd, the one parallel to the ho¬ 
rizon, the other inclined to it, or declined from it, it it 
easy to perceive that the images will be still more ro- 

I 2 
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inantic. Thus, one being declined from the horizon to an 
Miiglc of 144 degrees, and the other inclined to it, a man 
sees himself standing with his head to another's feet. 

Hence it appears how mirrors may be managed in 
gardens, &c, so as to convert the images of those near 
them into monsters of various kinds : and since glass mir¬ 
rors will reflect the image of a lucid object twice or thrice, 
if a candle, &c, be placed in the angle between two mir¬ 
rors, it will be multiplied a great number of times. 

Laws of Convex Mirrors. 

1. In a spherical convex mirror, the image is less than 
the object. And hence the use of *uch mirrors in the art 
of painting, where objects arc to be represented less than 
the life. 

2. In a convex mirror, the more remote the object, the 
less its image; also the smaller the mirror, the less t4»c 
image. 

3. In a convex mirror, the right hand is turned to the 
left, and the left to the right; and bodies perpendicular 
to the mirror appear inverted. 

4. The image of a right line, perpendicular to the mir¬ 
ror, is a right line; but that of a right line oblique or 
parallel to the mirror, is convex. 

5. Rays reflected from a convex mirror, diverge more 
than if reflected from a plane mirror ; and the smaller the 
sphere, the more the rays diverge. 

Laws of Concave Mirrors. 

The effects of concave mirrors arc, in general, the reverse 
of those of convex ones; rays being made to converge 
more, or diverge less than in plane mirrors ; the image is 
magnified, and the more so as the sphere is smaller; &c, &c. 

MITRE, in Architecture, is the workmen's term for 
an angle that is just45 degrees, or half aright angle. And 
if the angle be the half of this, or a quarter of a right angle, 
they call it a half-mitre. 

Mint single, or Figur&p is one contained by both right 
and curved lines. 

Mi xt Number , is one that is partly an integer, and 
partly a fraction ; as 3$. 

Mi xt Ua(io 9 or Proportion , is when the sum of the an¬ 
tecedent and consequent is compared with the difference of 
the antecedent and consequent; 

4 : S : : 12 : 9 

a : b : : c : d 

thdh l ^ / 1 } : 21 j 3 • 

uoT I/I -k 6 : m ~ b :: c + d : c d. 

I MO AT, in Fortification, a deep trench dug round a 
town or fortress, to be defended, on the outside of the wall, 
orrampart. The breadth and depth of a moat often* de¬ 
pend on the nature of the soil; according as it is marshy, 
rocky, or the like. Tbc brink of the moat next the ram¬ 
part, is called the scarp ; and the opposite side, the coun¬ 
terscarp. • » 

. Dry Moat, is one that is without water; on which ac¬ 
count it ought to be deeper than one that has water, 

called a wet inoat. A dry moat, or one that has a little 

water, has often a small ditch running all along the middle 
of its bottom, called a cuvette. 

Flat-bottomed Moat, is that which has no sloping, its 
corners being somewhat rounded. 

- Lined Moat, is that whose scarp and counterscarp are 
cased with a wall of mason’s work lying aslope. 

MOBILE, Primum, in the Ancient Astronomy, was a 9th 
heaven, or sphere, conceived above those of the planets 
aud fixed stars. It was supposed that this was the first 
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mover, and carried all the lower spheres about with it; by 
its rapidity communicating to them a motion carrying them 
round in 24 hours. But the diurnal apparent revolution 
of the heavens is now better accounted tor, by the rotation 
of the earth on its axis, without the assistance of any such 
primum mobile. 

MOBILITY, an aptitude or facility to be moved. 

The mobility of mercury is owing to the smallness and 
sphericity of its particle's; and these also render its fixation 
so difficult. The hypothesis of the mobility of the earth 
is the most plausible, and is universally admitted by mo¬ 
dern astronomers.—Pope Paul V. appointed commissioners 
to examine the opinion of Copernicus with regard to the 
mobility of the earth. The result of their inquiry was, a 
prohibition to assert, not-that the mobility was possible, 
but that it was really true : that is, they allowed the mo¬ 
bility ofthecarth to be held as an hypothesis, which gives 
an easy and sensible solution of tbc phenomena of the 
heavenly motions ; but forbade this doctrine to be main¬ 
tained as a thesis, or real effective tiling; because they 
conceived it contrary to Scripture. 

MODILLIONS, small inverted consoles under the 
soffit or bottom of the drip, or of the corniclie, seeming 
to support the projecturc of the larmier, in the Ionic, Com¬ 
posite, and Corinthian orders. 

MODULAR Ratio , a term invented by Mr. Cotes, to 
denote the ratio or number whose logarithm is what he 
calls the modulus. This ratio is the ratio 

of 1 r + r ~ ■+■ , : -f* . &c to 1, or 


i 


3.J 


oflio l - \ + \ 


2.3.* 

1 

1 -+- 

3.3 
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1 


3.3.4 


&c : 

3.3.*.5 ’ 
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that is, the ratio of 2'7 I 8281 82845.0 &c to 1, 
or the ratio of 1 to 0*36787i)441171 &c. 

Sec Modulus, ami Cotcs’s Logomctria. 

MODULE, or Little Measure, in Architecture, 
certain measure, taken at pleasure, lor regulating the'pro- 
portions of columns, ami the symmetry or distribution of 
the whole building. Architects usually choose the diame¬ 
ter, or the semidiameter, of the bottom of the column, for 
their module; which they subdivide into minutes; for 
cslimaitng all the other parts of the building by. 

MODULUS, of a system of logarithms, a term used by 
Mr. Cotes, to denote the log. of the modular ratio. All 
the logs, in any system; nrc proportional to this modulus, 
which in the hyperbolic or Napier’s logs, is I, and in the 
common or Briggs’s logs, is 0 , 4342*H4S1<) Arc. See 
Modular Ratio , and Cotes’s Logomctria. 

MOINEAU, aflat bastion raised before a curlin when 
it is too long, and the bastions of the angles too remote to 
be able to defend each other. Sometimes the moincau is 
joined to the curtin, and sometimes it is divided from it 
by a moat. Here musquotry are placed to fire each way. 

MOIVRE, De. See Demoivre. 

MOLYNEUX (William), an excellent mathema¬ 
tician and astronomer, wus born at Dublin in 1656. After 
the usual grammar education, which he hod at home, ho 
was entered of the college of that city. Here he distin¬ 
guished himself by the probity of his manners, as well ns 
by the strength of his genius; and having made a remark¬ 
able progress in academical learning, ond particularly in 
the new philosophy, as it was then'called, after four years 
spent in this university, he was sent over to London, where 
he was admitted into the Middle Temple in 1675. Here 
be spent three years, in the study of the laws of his couo- 
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Iry. But the bent of his genius lay strongly toward ma¬ 
thematical and philosophical studies ; and even at the 
university he conceived a dislike to scholastic learning, 
and fell into the methods of lord Bacon. 

Returning to Ireland in 1678, he shortly after married 
Lucy the daughter of sir William Domville, the king’s 
attorney-general. Being master of an easy fortune, he 
continued to indulge himself in prosecuting such branches 
of natural and experimental philosophy as were most 
agreeable to his fancy ; in which astronomy having the 
greatest share, he began, about l6'81, a literary correspond¬ 
ence with Mr. Flamsteed, the astronomer royal, which was 
continued for several years. In l6S3 he formed a design 
of erecting a Philosophical.Society at Dublin, in imitation 
of the Royal Society at London ; and, by the countenance 
and encouragement of Sir William Petty, who accepted 
the office of president, began a weekly meeting that year, 
when our author was appointed their first secretary. 

Mr. Molyncux's reputation for learning recommended 
him, in 1684, to the notice and favour of the first great 
duke of Ormond, then lord-lieutenant of Ireland ; by 
whose influence chiefly he was appointed that year, jointly 
with sir William Robinson, surveyor-general of the king's 
buildings and works, and chief engineer. 

In 1685, he was chosen fellow of the Royal Society at 
London ; and the same year he was sent by the govern¬ 
ment to view the most considerable fortresses in Flanders. 
Accordingly he travelled through that country and Hol¬ 
land, as also of Geryiany and France ; and carrying with 
him letters of recommendation from Flamsteed to Cassini, 
he was introduced to him and other>, the most eminent 
astronomers m the several places through which he passed. 
Soon after his return from abroad, be published at Dub¬ 
lin, in 1686’, his Sciothericum Tclcscopium, containing a 
Description of the Structure and Use ol a Telescopic Dial, 
invented by him: another edition of which was published 
afEbndon in 1700. , u 

In l6’88 the Philosophical Society of Dublin was broken 
up and dispersed by the confusion of the limes. Mr. Mo- 
lyneux had distinguished himself as a member of it Irom 
the beginning, and presented several discourses upon cu¬ 
rious subjects, some of which were transmitted to the 
Royal Society al London, and afterwards printed in the 
Philosophical Transactions. In 1689, among great num¬ 
bers of other Protestants, be withdrew from the disturb¬ 
ances in Ireland, occasioned by thcsevcritics of Tyrconncl's 
government; and after a short stay at London, he fixed 
himself with his family at Chester. In this retirement, he 
employed himself in putting together the materials he had 
some time before prepared for his Dioptrics, in which he 
was much assisted by Mr. Flamsteed; and in August l6’90, 
he went to London to put it to the press, where the sheets 
were revised by Dr. Halley, who, at our author's request, 
gave leave for printing, in the appendix, his celebrated 
Theorem for finding the Foci of Optic Glasses. Accord¬ 
ingly the book came out, l6y2, in 4to, under the title of 
44 Dioptrica Nova: a Treatise of Dioptrics, in two parts; 
wherein the various effects and appearances of spherical 
glasses, both convex and concave, single and combined, 
in telescopes and microscopes, together with their useful¬ 
ness in many concerns of human life, are explained." He 
gave it the title of Dioptrica Nova, both because it was 
almost wholly new, very little being borrowed from other 
writers, and because it was the first book that appeared in 
English upon the subject. The work contains several of 


the most generally useful propositions for practice, demon¬ 
strated in a clear and easy manner, for which reason u was 
for many years used by the artificers : and the second part 
is very entertaining, especially in the history which he 
gives of the several optical instruments, and of the disco¬ 
veries made by them. 

As soon as the public tranquillity was settled in his na¬ 
tive country, he returned borne; and, on the convening of 
a new parliament in 1692, was chosen one of the repre¬ 
sentatives for the city of Dublin In the next parliament, 
in 16'95, he was chosen to represent the university there, 
and continued to do so to the end ol his hie; that learned 
body having lately conferred on him the degree of doctor 
of laws. He was also nominated by the lord-lieutenant 
one of the commissioners for the forfeited estates, to which 
employment was annexed a salary of 500/. a year; but 
considering it as an invidious office, he declined it. 

In 1698, he published 14 The Case of Ireland stated, in 
regard to its being bound by Acts of Parliament made in 
England;" in which it is supposed he has delivered all, or 
most, that, can be said upon this subject, with great clear¬ 
ness and strength of reasoning. 

Among many learned persons with whom he maintained 
correspondence and friendship, Mr. Locke was in a par¬ 
ticular manner dear to him, as appears from their letters. 
In the above-mentioned year, which was the last of our 
author’s life, he made a journey to England, on purpose 
to pay a visit to that great man ; and not long alter his 
return to Ireland, he was seized with a lit of the stone, 
which terminated his existence. 

Besides the three works already mentioned, viz, the 
Sciothericum Tclescopium, the Dioptrica Nova, and the 
Case of Ireland stated; he published a great number of 
pieces in the Philosophical Transactions, which are con¬ 
tained in the volumes 14, 15, l6, 18, 19> 20, 21, 22, 23, 
26, 29, several papers commonly in each volume. 

Molynevx (Samuel), son of the former, was born at 
Chester in July 1689; and educated with great care by 
his father, according to the plan laid down by Locke on 
that subject. When his father died, he was left to the 
management of his uncle, Dr. Thomas Molyneux, an ex¬ 
cellent scholar and physician nt Dublin, and also an inti¬ 
mate friend of Mr. Ix>cko, who executed his trust so well, 
that Mr. Molyneux became afterwards a most polite and 
accomplished gentleman, and was made secretary to 
George the 3d when prince of Wales. Astronomy and 
optics being his favourite studies, as they had been his 
father's, he projected many schemes for the advancement 
of them, and was particularly employed in the years 
1723, 1724, and 1725, in perfecting the method of making 
telescopes; one of which instruments, of his own making, 
lie had presented to John the 5th, king of Portugal. 

Being soon after appointed a commissioner ot iho admi¬ 
ralty, he became so engaged in public affairs, that he had 
not leisure to pursue those inquiries any further, as he in¬ 
tended. He therefore gave his papers to I)r. Robert 
Smith, professor of astronomy at Cambridge, whom he 
invited to make use of his house and apparatus of instru¬ 
ments, in order to finish what he had left imperfect. But 
Air. Molyneux dying soon after. Dr. Smith lost the oppor¬ 
tunity; he however supplied what was wanting from M« 
Huygens and others, and published the whole in his 
44 Complete Treatise of Optics." 

MOMENT, in Time, is sometimes taken for an ex¬ 
tremely small part of duration; but, more properly, it i* 
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only an instant or termination of limit in time, like a 
p- int in geometry. Maclaurin’s Fluxions, vol. 1, pa. 245. 

Moments, in the new Doctrine of Infinites, denote the 
indefinitely small parts of quantity; or they are the same 
with what arc otherwise called infinitesimals, and diffe- 
rences, or increments and decrements; being the momen¬ 
tary increments or decrements of quantity considered as 
in a continual flux. Moments are the generative princi¬ 
ples ot magnitude: they have no determined magnitude of 
their own ; but are only inceptive of magnitude. Hence, 
as it is the same thing, if, instead of these moments, the 
velocities ot their increases and decreases be made use of, 
or the finite quantities that are proportional to such velo¬ 
cities; the method of proceeding which considers the 
motions, changes, or fluxions of quantities, is denominated, 
by Sir Isaac Newton, the method of fluxions. 

Leibnitz, and most foreigners, considering these infi¬ 
nitely small parts, or infinitesimals, as the differences of 
two quantities; and thence endeavouring to find the diffe¬ 
rences of quantities, i. o. some moments, or quantities in¬ 
definitely small, which taken an infinite number of times 
shall equal given quantities; call these moments, diffe¬ 
rences; and the method of procedure, the differential cal¬ 
culus. 

Moment, or Momentum , in Mechanics, is the same 
thing with Impetus, or the quantity of motion in a moving 
body. In comparing the motions of bodies, the ratio*of 
their momenta is always compounded of the quantity of 
matter and the celerity of the moving body : so that the 
momentum of any such body, may be considered as the 
rectangle or product of the quantity of matter and the 
velocity of the motion. As, if b denote any body, or the 
quantity or mass of matter, and v the velocity of its mo¬ 
tion; then bv will express, or be proportional to, its mo¬ 
mentum m. Also if n be another body, and v its velo¬ 
city; then its momentum m, is as iiv. So that, in gene¬ 
ral, M : m : : bv : bv, i. c. the momenta arc as the pro¬ 
ducts of the mass and velocity. Hence, if the momenta 
M and m be equal, then shall the two products bv and bv 
he equal also; and consequently n : b : ; v : v, or the 
bodies will be to each other in the inverse or reciprocal 
ratio of their velocities; that is, either body is so much 
the greater as its velocity is loss. And this force of mo¬ 
mentum is of a different kind from, and incomparably 
greater than, any mere dead weight, 1 or pressure what¬ 
ever. 4 

‘ The momentum also of any moving body, may be con¬ 
sidered as the aggregate or sum of all the momenta of the 
parts of that body ; and therefore when the magnitudes 
and number of particles arc the same, and also 0 moved 
with the same celerity, then will the momenta of the 
wholes be l lie same also. 

MONDAY, the second day in the week. 

MON ADES. Digits, indivisible things. 

MONNIER, (Peter Charles le) the son of Peter 
lo Monnicr, professor of philosophy at Paris, was horn at. 
Paris, November 20, 1715, and died at Lizicux in Nor¬ 
mandy, April 2, 1799, in the 84th year of his ago, and 
then the oldest astronomer in Europe. His'observations 
and memoirs, to a vast number, arc chiefly contained in 
the memoirs of the Hoynl Academy of Sciences; besides 
which, he published the Histoirc Celeste, 174-1, in 4to. 
In this work is twice found, but only as a fixed star, Dr. 
Herschel’s new planet. From his earliest years he de¬ 
voted himself to astronomy; when a youth of l6 he made 


his first observations, viz. of the opposition of Saturn. At 
20, lie was nominated a member of the Royal Acudcniv 
of Sciences. In 1735, he accompanied Maupertuis in 
the expedition to Lapland, to measure a degree of the 
meridian: and he was the first astronomer who had the 
satisfaction of measuring the diameter of the moon on the 
sun’s disk. In 1750, lie drew a meridian at the Ro)al 
Chateau at Be llevue, where the king often made obser¬ 
vations. Lc Monnicr was naturally of a very irritable 
temper; as ardently as lie loved his friends, as easily could 
he be ofi'ended ; and his hatred was then implacable. La- 
lande, who had been his pupil, had the misfortune to incur 
his displeasure ; and he never after could regain his favour. 
At the time of Le Monnicr’s death, lie had amassed a vast 
quantity of observations, which he could never be pre¬ 
vailed on to publish, but concealed them in a place, which 
it was feared he had forgotten; so that it has been sup¬ 
posed they arc lost to the world, unless the place should 
happen to be known lo the celebrated mathematician La¬ 
grange, who married one of his daughters in 1792. 

MONOCEROS, the Unicorn , one of the new constel¬ 
lations of the northern hemisphere, or one of those which 
Ilevelius has added to the 48 old nstcrisms, and formed 
out of the Stella; in formes, or those which were not com¬ 
prised within the outlines of any of the others. In Hcve- 
lius’s catalogue, the Unicorn contains 19 stars, but in the 
Britannic catalogue 31. 

MONOCHORD, a musical instrument with only one 
string, used by the ancients to try the variety and propor¬ 
tion of sounds. It was formed of a rule, divided and sub¬ 
divided into several parts, on which there is a moveable 
string stretched over two bridges at the extremes of it. 
In the interval between these is a sliding or moveable 
bridge, by meuns of which, in applying it to the different 
divisions of the line, the sounds arc found to bear the same 
proportion to each other, as the division of the line ct&by 
the bridge. This instrument is also called the Harmomchl 
Canon, or the Canonical Rule, because it serves to mea¬ 
sure the degrees of gravity or acuteness, l’tolemy examines 
his harmonical intervals by the monochord. Wjicn the 
chord vvasdivided into two equal parts,so that the parts were 
as 1 to 1, they cnllcd them Unisons; but if they were as 2 
to 1, they called them Octaves or Diapasons; when they 
were as 3 to 2, they called them Dinpentes, or Fifths; if 
they were ns 4 to 3, they called them Diatessarons, or 
Fourths; if the parts wefe as 5 to 4, they called them 
Diton, or Major-third ; but if they were as 6 to 5, they 
were called a Demi-diton, or Minor-third ; and lastly, if 
the parts wore as 24 to 25, a Demitonc, or Diezc. * 

The monochord, being thus divided, wns properly what 
they cnllcd a system, of which there were many kinds, ac¬ 
cording to the different divisions of the monochord. 

Monociiord is also used for any fnusical instrument 
consisting-of only one chord or string. Such is the trump- 
marinc. n 

MONOTRIGLYPH, a term in Architecture, denoting 
the space of one triglyph between two pilasters, or two 
columns. 

MONSOON, a regular or periodical wind, that blows 
one way for 6 months together, and the contrary way the 
other 6 months of the year. These prevail in several parts 
of the eastern and southern oceans. 

MONTH, (he 12th part of the year, and is so called 
from the moon, by whose motions it was formerly regu¬ 
lated ; being properly the time in which the moon runs 
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through the zodiac. The lunar month is either illumi¬ 
native, periodical, or synodical. 

Illuminative Month, is the interval between the first 
appearance of one new moon and that of the next follow¬ 
ing. As the muon appears sometimes sooner after one 
change than after another, the quantity of the illuminative 
month is not always the same. The l urks and Arabs 
reckon by this month. 

Lunar Periodical Month, is the time in which the 
moon runs through the zodiac, or returns to the same 
point again; the quantity of which is 27 days 7hrs 43m. 
S sec. 

Lunar Synodical Month, called also a Lunation, is the 
time between two conjunctions of the moon with the sun, 
or between two new moons; the quantity of which is 29 
days 12 hours 44 m. 2 see. 48 thirds. The ancient Ro¬ 
mans used lunar months, ami made them alternately of 29 
and 30 days: they marked the days of each month by 
three terms, viz, Calends, Nones, and ides. 

Solar Month, is the time in which the sun runs 
through one entire sign of the ecliptic, the mean quantity 
of which is 30 days 10 hours 29 min. 5 sec. being the 1 2th 
part of 365 ds. 5 hrs. 49 min. the mean solar year. 

k Astronomical or Natural Month, is that measured by 
some exact interval corresponding to the motion of the sun 
or moon. Such arc the lunar and solar months above- 
mentioned. 

Civil or Common Month, is an interval of a certain 
number of whole days, approaching nearly to the quan¬ 
tity of some astronomical month. These may be cither 
lunar or solar. The 

Civil Lunar Mo nth, consists alternately of 29 and 30 days. 
Thus will two civil months be equal to two astronomical 
ones, abating for the odd minutes; and so the new moon 
will be kept to the first day of such civil months for a long 
time together. This was the month in civil or common 
uso among the Jews, Greeks, and Romans, till the lime of 
Julius Caesar. The 

Civil Solar Month, consisted alternately of 30 and 31 
days, excepting one month of the twelve, which consisted 
only of 29 days, but every 4th year of 30 days. • And this 
form of civil months was introduced by Julius Caesar. Un¬ 
der Augustus, the 6th month, till then from its place called 
sextilis, received the name Augustus, now August, in 
honour of that prince; and, to make the compliment still 
the greater, a duy was added to it; which made it consist 
of 31 days, though till then it had only contained 30 days; 
to compensate for which, a day was taken from February, 
making it consist of 28 days, and 29 every 4th year. And 
such arc the civil or calendar months now used through 
Europe. 

MONTUCLA (John Stephen), member of the Na¬ 
tional Institute, and of th<f Academy of Berlin, censor 
royal of mathematical books, was born at Lyons, the 
5th of September 1725. His father was a banker, by 
whom he was intended for the same profession ; but the 
science of calculations, to which he was early intro¬ 
duced, soon produced a discovery of the natural bent 
of his mind. In the Jcsuits-collcgc at Lyons he laid a 
good foundation in the ancient languages, as well as in 
the mathematical sciences, which enabled him afterwards 
easily to acquire a competent acquaintance with the 
Italian, the German, the Dutch, and the English, which he 
not only read, but also spoke very well. 

At 10 years of age Montucla lost his father;, and his 


grandmother, who bad been left guardian of his education, 
died 4 years after. Having finished his studies at Lyons, 
he went to Toulouse to study the law, a branch of study 
deemed necessary in the liberal education of every person 
not destined for the profession ol arms. 

From hence he repaired to Paris, to enjoy in that ca¬ 
pital all the benefit* it afforded to the studious, in the 
lessons of the best masters, in the rich collections of the 
productions of nature and art, in the best libraries of books, 
and in the united societies of the literati, among whom 
he found friends for the rest of his life, and which fixed 
and determined his choice and pursuit of the mathemati¬ 
cal and philosophical sciences, in which he afterwards 
distinguished himself in so eminent a degree. It was only 
in relaxing and unbending liis mind, from such severe ex¬ 
ercises, that he could sometimes occupy himself privately 
on subjects of less magnitude ; such as when he in a man¬ 
ner made an entire new book of Ozunam’s Mathematical 
Recreations, by the multitude of articles added, abridged, 
or substituted : on which occasion he had so closely con¬ 
cealed from every person the secret of his concern in that 
neat and improved edition, that the work was actually 
sent to him to examiue and authorize in his capacity of 
public censor tor mathematical books, an honorary office 
to which be bad some time before been appointed. To 
the last edition of those Recreations however, lie set the 
initials of his name, 

Many other pieces were in the like anonymous manner 
composed by Montucla ; among which may be here no¬ 
ticed an ingenious and learned History of Researches 
relating to the quadrature of the circle, published in 
1754; a work very interesting, on account of the number 
of speculators who have gone astray after that seducing 
phantom, and of the curious properties which the re¬ 
searches have given rise to. 

On occasion of introducing into France, in 1756, the 
practice of inoculation, which had been introduced into 
England in 1721, by lady Montague, on her return from 
Constantinople, Montucla made a translation from the 
English of the principal writings on that subject, which 
lie added to the Memoire of la Condamine. ' 

In the year 1758, came out Montuclu’s grand work,'the 
History of Mathematics, in 2 large volumes in 4to: a 
work of profound reading and learning, and upon which, 
young as he was, he had spent a great many years of his 
lile. This performance, of immense labour and erudition,, 
published at 33 years of bis age, justly procured to the 
author a most distinguished place in the learned world.. 
This history, so truly admirable, whether we consider the 
extreme clearness and precision with which the subjects, 
are treated, or the profound learning it exhibits, having 
been long out of print, the authors employment under the 
government, as first commissary of the king’s buildings, 
for many years prevented him from fully yielding to the 
solicitations of bis learned friends, to continue the work 
through the 18th century, in a new and enlarged edition. 
But the unfortunate loss of his fortune and employment, 
by the late revolution in France, left him but too much 
leisure for that purpose. The consequence, happy in this> 
instance for the sciences, has been a new edition in 4 large 
volumes; in which the history is continued down to the 
end of the 18th century, and the former parts also very, 
much enlarged and corrected. 

In 1755, Montucla was elected an associated member 
of the Academy at Berlin. And in 1761 he was placed* 


MOO 


M O X [ c * 

at Grenoble as secretary to the office of iiitendnncc, where 
be unind in a happy marriage with Maria I ran9oise Ro- 
inand. 

The duke de Choisi ul having ordered, in 176-K n colony 
to be formed ;it Cayenne, Montucla went out there as first 
secretary to the commission, to which appointment was 
joined also that of astronomer royal. The utlairs of the 
colony not proving successful, afte r 15 months Montucm 
returned again to Grenoble, bringing with him many use¬ 
ful observations and specimens in botany and natural his¬ 
tory, winch proved beneficial both to the sciences and to 
the public at large. 1 his voyage also furnished him with 
those curious observations on the shining of the sea in 
many places, and of various luminous insects, which arc 
inserted near the end of the 4th volume of his Recreations. 

Soon after his return, Montucla was appointed at Ver¬ 
sailles to the honourable and profitable office of first com¬ 
missioner of the royal and public buildings; an employ¬ 
ment which lie executed with great ability and usefulness 
during more than 75 years, till the overthrow of the mo¬ 
narchy put an end at once to this office, and the little for¬ 
tune his regularity and ^economy had enabled him to save, 
throwing him again on the world* in his old age, naked 
and stript of e very thing except his integrity, and tire love 
and respect of his friends. 

The modesty and integrity of Montucla were not less 
remarkable titan his erudition. He was offered a place in 
the Academy of Sciences of Paris ; which through deli¬ 
cacy he refused, as he felt he should not have leisure suf- 
freient properly to attend to the duties of it. The por¬ 
tions of time which others would give to their pleasures, 
or amusements in their families, he always devoted to the 
details of the duties of his oilier, or to his studies. The 
translation from the English, of Carver’s Travels in North 
America, was the sole monument of his pen, during that 
long interval. And even this was produced properly in 
the faithful discharge of the public duties with which he 
was charged. Being particularly intrusted by the govern¬ 
ment with the correspondence relating to the voyages 
which it ordered, he made it his duty and care to collect 
all the accounts lie could find relating to such enterprises 
by other countries. With this view, at first only amusing 
his family with the reading of Carver's Travels, finding it 
entertaining and instructive, he - completed and published 
the whole translation. 

Montucla was named a memberof the National Institute 
from the lime of its commencement. And the govern¬ 
ment of 1795 employed him in examining and unalysing 
the treatises deposited in the national archives. 'Me was 
named professor of mathematics of the central school at 
Puris; but the bad stale of his hcajtli would not permit 
him to accept it; and the department honoured him with 
a place in the jury of central instruction. But a place in 
the office for the national lottery was the only resource for 
his family during two years; a pension of 2400 francs 
(100/.) given him by the minister NeufcliaUxiu on the 
death of Saussure, and which he enjoyed only four months 
before his decease, which happened the 18th of December 
1799* It was chiefly occasioned, as it often happens to 
literary and sedentary men, by a retention of urine: 
leaving a widow, as also a daughter, married in 1783, 
and a son employed in' the office of the minister for the 
interior. 

Montucla was one of the many considerable mathema¬ 
ticians of the 18th century; being well acquainted with 
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all the branches arrd improvements in those abstruse sci 
cnees. His taste however, always chaste and clear, led 
hi in to prefer the pure and luminous methods of the an¬ 
cient mathematicians, and to blame, in the trench and 
the Germans, the great neglect ol the same principles, 
which they showed on all occasions by their preference ol 
the more modern analysis. 

In the qualities of his heart too Montucla was truly 
estimable: remarkably modest in his, manner and deport¬ 
ment ; benevolent far beyond the means ot his small for¬ 
tune: of a very respectable personal appearance; bespoke 
with ease and precision, hut unassuming and with simpli¬ 
city i reluted anecdotes and stories in a pleasant and play¬ 
ful manner; and breathing, in all his conduct and deport¬ 
ment the sweetness of virtue, and the delicacy ot a fine 

taste. • * 

MOON, Luna, , one of the heavenly bodies, being 
a satellite, or secondary planet to the earth, considered 
as a primary planet, about which she revolves in an elliptic 
orbit, or rather the earth and moon revolve about a com¬ 
mon centre of gravity, which is as much nearer to the 
earth’s centre than to the moon's, as the inass ol the for¬ 
mer exceeds that of the latter. 

The mean time of a revolution of the moon about the 
earth, from one new moon to another, when she overtakes 
the sun again, is 29d. 12 h. 44m. 2s. 48th.; but she moves 
once round her own orbit in 27d. 7h. 43m. 8s. moving 
about 2290 miles every hour; and turns once round her 
axis exactly in the time that she goes round the earth, 
which is the reason that she shows always the same side 
towards us; and that her day and night taken together 
arc just as long us our lunar month. 

The mean distance of the moon from the earth is 60 
radii, or 30 diameters, of the earth; which^s about 
237,500 miles. The mean cxcentricity of her orbit is 
T6co or T*fth nearly of her mean distance, amounting to 
about 13,000 miles. Her diameter is to that of the earth, 
ns 20 to 73, or nearly as 3 to II, or 1 to 3$; and there¬ 
fore it is equal to 2180 miles: her mean apparent dia¬ 
meter is 31' l6"$, that of the sun being 32' 12". The 
surface of the moon is to the surface of the earth, as 1 
to 13$, eras 3 to 40; so that the earth reflects 13 times 
as much light upon the moon, as she docs upon the earth ; 
and her solid content to that of the earth, ns 3 to 146, or 
as 1 to 48$. The density of the moon’s body is to that 
of the earth, as 5 to 4; and therefore her quantity of 
matter to that of the earth, as 1 to 39 very nearly ; the 
force of gravity on her surface, is to that on the earth, 
as 100 to 293. The moon has little or no difference^' 
seasons; because her axis is almost perpendicular to tnc 
ecliptic. 

Phenomena and, Phases qf the Moon. The moon being 
a dark,,opaque, spherical body, only shining with the 
light she receives from the sun, hence only that side 
turned towards him, at any instant, can bg illuminated, 
the opposite side remaining in its native darkness : and, ns 
the face of the moon visible on our earth, is that part of 
her body turned towards us; so, according to the various 
positions of the moon, with respect to the earth and sun, 
wc perceive different degrees of illumination ; sometimes 
a largo and sometimes a less portion of the enlightened 
surface being visible : And hence the moon appears some¬ 
times increasing, then waning; sometimes horned, then 
half-round; sometimes gibbous, then full and round. 
This may be easily illustrated by means of an ivory ball. 
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which being before a candle in various positions, will 
present a greater or less portion of its illuminated hemi¬ 
sphere to the view of the observer, according to its situation 
in moving it round the candle. 

The same phases may be otherwise exhibited thus: 
Let s represent the suh/t the earth, and abcd &c the 
moon’s orbit. (Plate 19, tig. 3.) Now, when the moon 
is at a, in conjunction with the sun s, her dark side 
being entirely turned towards the earth, she will be in¬ 
visible, as at a, and is then called the new moon. When 
she comes to her first octant at b, or has run through the 
8 th part of her orbit, a quarter of her enlightened hemi¬ 
sphere will be turned towards the earth, and she will then 
appear horned, as at b. When she has run through the 
quarter of her orbit, and arrived at c, she %hows us tljc 
halt of her enlightened hemisphere, as at c, and she is 
then said to be at the half. At d she is in her 2d octant, 
and by showing us more of her enlightened hemisphere than 
ate, she appears gibbous, as at d. Aj her opposition 
at E her whole enlightened side is turned towards the 
earth, when she appears round, as at q and she is said 
to be full; having increased all the way round from a to 
E. On the other side she decreases again all the way 
from e to a : thus, in her 3d octant at f, part of her dark 
side being turned towards the earth, she again appears 
gibbous, as at/. At g she appears still farther decreased, 
showing again just one half of her illuminated side, as 
atg. But when she comes to her fourth octant, at h, she 
presents only a quarter of her enlightened hemisphere, and 
again appears horned, as at h. And at a, having now 
completed her course, she again disappears, or becomes 
a new moon again, as at* iii The earth also presents 

exactly the same phases to a spectator in the moon, as 
she does to us, but only in a contrary order, the one- 
being full when (he other changes, &c. 

The Motions of the Moon are most of them very irregu¬ 
lar. The only equable motion she has, is her revolution 
on her own axis, in the space of a month, or time in 
which she moves round the earth ; which is the reason 
that she always turns the same face towards us. This 
exposure of the same face is not however so uniform, but 
that she turns sometimes a little more of tlio one side,'and 
sometimes of the other, called the moon's libration,; and 
also shows sometimes a little more towards one pole and 
sometimes towards the other, by a motion like a kind of 
wavering, or vacillation. 'I he former of these motions 
happens from this circumstance: the moon's rotation on 
her axis is equable or uniform ; while her motion in her 
orbit is unequal, being qiyckcst when the moon is in her 
perigee, and slowest when in the apogee, like all other 
planetary motions; whence it happens that sometimes 
more of one side is turned to the earth, and sometimes of 
the other. And the other irregularity arises from this : 
that the axis of -the moon is not perpendicular, but a 
little inclined to the plane pf her orbit: and as this axis 
maintains its parallelism, in the moon's motion round the 
earth; it must necessarily change its situation, in respect 
to an observer on the earth ; whence it happens that some¬ 
times the one, and sometimes the other pole of the moon, 
becomes visible, 

The very orbU of the moon is changeable, and docs 
not always preserve the same figure: for though her orbit 
be elliptical, or nearly so, having the earth in one focus, 
the excentricity of the ellipse is varied, being sometimes 
increased, and sometimes diminished ; viz, being greatest 
Vol. II. 
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when the line of the apses coincides* with that of the sv- 
zygies, and least when these lines are at right angles to 
each other. Nor is the apogee of the moon without an 
irregularity; being found to move forward, when it coin¬ 
cides with the line of thesyzygies; and backward, when 
it cuts that line at right angles. Neither is this progress 
or regress uniform; lor in the- conjunction or opposition, 
it goes briskly forward ; and in the quadiatures, it either 
moves slowly forward, stands still, or goes backward.— 
'I lie motion of the nodes fs also variable; being quicker 
and slower in different positions. 

The Physical Cause of the Moon’s Motion, about the 
earth, is the same as that of all/ the primary planets 
about the sun, and of the satellites about their primaries, 
viz, the mutual attraction between the earth and moon. 
As lor the particular irregularities in the moon's motion, 
to which the earth and other planets are not subject, they 
arise from the sun, which acts on, and disturbs her in her 
ordinary course through her orbit ; and are all mechani¬ 
cally deduciblc from the same great law by which her 
general motion is directed, viz, the law of gravitation and 
attraction. The other secondary planets which attend 
on Jupiter, Saturn, Acc, are also subject to the like irregu¬ 
larities with the moon ; as they arc exposed to the same per- 
turbating or disturbing force of the sun; but their dis- 
tancc secures them from being so greatly affected as the 
moon is, and also from being so well observed by us. 

Tor a familar idea of thi* matter, it must first be con- 
sidered, that it the sun acted equally on the earth and 
moon, and always in parallel lines, this action would serve 
only to restrain them in their annual motions round the 
sun, and no way affect their actions on each other, or their 
motions about their common centre of gravity. But be¬ 
cause the moon is nearer the sun, in one half of her orbit, 
than the earth is, and farther off in the other half of her 
orbit; and because the power of gravity is always less at 
a greater distance: it follows, that in one half of her 
orbit the moon is more attracted than the earth towards 
the sun, and less attracted than the earth in the other 
half: and hence irregularities necessarily arise in.the mo¬ 
tions of the moon; the excess of attraction in the first 
case, and the defect in the second, becoming n force that 
disturbs her motion: and besides, the action of the sun, on 
the earth and inoon, is not directed in parallel lines, but 
in lines that meet in the centre of the sun ; which makes 
the-effect of the disturbing force still the more complc.s^ 
and embarrassing. And hence, as well as from the va¬ 
rious situations of the moon, arise the numerous irregu¬ 
larities in her motions, and the equations, or corrections, 
employed in calculating her places, $cc. 

Newton, as well sis others, has compu^d the quantities 
of these irregularities, from their causes, lie finds that the 
force added to the gravity of the moon in her quadratures, 
is to the gravity with which she would revolve in a circle 
about the earth, at her present mean distance, if the sun 
had no effect on her, as I to 178 f£: he finds that the 
force subducted from her gravity in the conjunctions and 
oppositions, is double of this quantity ; and that the area 
described in a given time in the quarters, is to the area 
described in the same .lime in the conjunctions and oppo¬ 
sitions, as 10973 to 11073; and he finds that, in such an 
orbit, her distance from the earth in her quarter-, would 
he tg her distance in the conjunction^ and oppositions, as 
70 to 69 . On these irregularities, see Maclaurin's Ac¬ 
count of Newton's Discoveries, book 4 , chap. 4; as also 
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most books of astronomy. Other particulars relating to 
tl.<- moon's motions, Ace, have been stated as follow : 1 he 
power of the moon's influence, as to the tides, is to that 
of the sun, as 4-4815 to 1, according to Sir I. Newton; 
but different according to others. ’ 

As to the figure of the moon, supposing her at first to 
have been a fluid, like the sea, Newton calculates, that 
the earth's attraction would raise the water there near 90 
feet high, as the attraction of the moon raises our sea 12 
feet: whence the figure of the moon must be a spheroid, 
whose greatest diameter extended, will pass through the 
centre of the earth ; and will be longer than the other 
diameter, perpendicular to it, by 180 feet; and hence it 
comes to pass, that we always see the same face of 
the moon ; for she cannot rest in any other position, 
but always endeavours to conform herself to this situation: 
Princip. lib. 3, prop. 38. 

Newton estimates the mean apparent diameter of the 
sun at 32' 12" ; as the moon is 31' 17". The density of 
the moon lie concludes is to that of the earth, as y to 5 
nearly; and that the muss, or quantity of matter, in the 
moon, is to that of the earth, as 1 to 26 nearly. The 
plane of the moon’s orbit is inclined to that of the ecliptic, 
and makes with it an angle of about 5 degrees: but this 
inclination varies, being greatest when she is in the quarters, 
and least when in her syzygies. 

As to the inequality of the moon's motion, she moves 
swifter, and, by the radius drawn from her to the earth, 
describes a greater area in proportion to the time, also has 
an orbit less curved, and by that means comes nearer to 
the earth, in her syzygies or conjunctions, than in the 
quadratures, unless the motion of her excentricity pre¬ 
vents it: which excentricity is the greatest when the moon’s 
apogee falls in the conjunction, but least when this fnlls 
in the quadratures: her motion is also swifter in the earth’s 
aphelion, than in its perihelion. The apogee also goes 
forward swifter in the conjunction, and slower nt tho 
quadratures : but her nodes urcut rest in the conjunctions, 
and recede swiftest of all in the quadratures. The moon 
also perpetually changes the figure of her orbit, or the 
species of the ellipse she moves in. 

There urc also some other inequalities in the motion of 
this planet, which it is very difficult to reduce to any 
certain rule; ns the velocities or horary motions of the 
apogee and nodes, and their equations, with the differ¬ 
ence between the greatest eccentricity in the conjunctions, 
and the least in the quadratures ; and that inequality 
which is called the variation of the moon. All these in¬ 
crease and decrease annuully, in a triplicate rntio of the 
apparent diuineter of the sun: and this variation is in¬ 
creased and ditninilbcd in a duplicate ratio of the time 
between the quadratures ; as is proved by Newton in many 
parts of his l’rincipin. He also found that the apogees in 
the moon’s syzygies, go forward in respect of the fixed stars, 
at the rate of 23' each day; and backwards in the quadra¬ 
tures lb'-J per day: and therefore the mean annual motions 
he estimates at 40 degrees. 

The gravity of the moon towards the earth, is increased 
by the action of the sun, when the moon is in the quadra¬ 
tures, and diminished in the syzygies: and, from the syzy- 
gics to the quadrature, the gravity of the moon towards the 
earth is continually'increased, and she is continually re¬ 
tarded in her motion: but from the quadrature to the 
syzygy, the moon's motion is perpetually diminished, and 
the motion in her orbit is accelerated. 


The moon is less distant from tho earth at the syzygies, 
and more at the quadratures. As radius is to \ of the sine 
of double the moon’s distance from the syzygy, so is the 
addition of gravity in the quadratures, to the force which 
accelerates or retards the mopp in her orbit. And as- 
radius is to the sum or difference of 4 the radius and $ the 
cosine of double the distance of the moon from the 
syzygy, so is the addition of gravity in the quadratures, to 
the decrease or increase of the gravity of the moon at that 
distance. 

The apses of the moon go forward when she is in the 
syzygies, and backward in the quadratures. But, in a whole 
revolution of the moon, the progress exceeds the regress. 

In a whole revolution, the apses go forward the fastest when 
the line of the apses is in the nodes; and in the same case 
they go back the slowest of all in the same revolution. 
When the line of the apses is in the quadratures, the apses 
arc carried in consequents, the least of all in the syzygies; 
but they return the swiftest in the quadratures; and in this 
case the regress exceeds the progress, in one entire revolu¬ 
tion of the moon. 

The excentricity of the orbit undergoes various changes 
every revolution. It is the greatest of all when the line of 
the apses is in the syzygies, and the least when that line is 
in the quadratures.—Considering one entire revolution of 
the moon, caeteris paribus, the nodes move in antecedentia 
swiftest of all when she is in the syzygies ; theu slower 
and slower, till they are at rest, when she is in the quadra¬ 
tures.—The line of nodes acquires successively all possible 
situations in respect of the sun ; and every year it goes 
twice through the syzygies,und twice through the quadra¬ 
tures.—In one whole revolution of the moon, the nodes go 
back very fast when they arc in the quadratures ; then | 
slower till they come to rest, when the line of nodes is in 
the syzygies. 

The inclination of the plane of the orbit is changed by 
the same force with which the nodes are moved ; being 
increased as the moon recedes from the node, and di¬ 
minished ns she approaches it. The inclination of tnc 
orbit is the least of all when the nodes arc come to the 
syzygies. For in the motion of the nodes from the syzy¬ 
gies to the quadratures, and in one entire revolution of the 
moon, the force which increases the inclination, exceeds 
that which diminishes it; therefore the inclination is in¬ 
creased ; and it is the greatest of all when the nodes uro in 
the quadratures. 

The moon’s motion being considered in general: her 
gravity towards the earth is diminished on her coming near 
the sun, and the periodical tltyic is the greatest; as also 
the distance of the moon, cicteris paribus, the greatest 
when the earth is in the perihelion. All the errors in 
4 the moon’s motion are something greater in the con¬ 
junction than in the opposition. All the disturbing 
forces are inversely as the cube of the distance of tho sun 
from the earth ; which when it remains the same, they arc 
ns the distance of the moon from the earth. Considering 
all the disturbing forces together, the diminulioh of gravity 
prevails. 

The figure qf the Moon's path , about the earth, is, as has 
been said, nearly an ellipse; but her path, in moving, to- ' 
gether with the earth nbout the sun, is \npdc up of a series 
or repetition of epicycloids, and is in every point c'oncave 
towards the earth. Sec Mapluuriu’s Account of Newton’s 
Discov. pq. 330‘, 4to. Ferguson’s Astron. pa, 129, &c j 
and llowe's Flux. pu. 225, edit. 2* 
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Astronomy of the Moon. 

To determine the Periodical and Synodical Months; or 
the period of the moon’s revolution about the earth, and 
the period between one opposition or conjunction and an¬ 
other. In the middle of a lunar eclipse* the moon is in 
opposition to the sun: compute therefore the time be¬ 
tween two such eclipses, at some considerable distance of 
time from each other; and divide this by the number of 
lunations that have passed in the mean time; so shall the 
quotient be the quantity of the synodical month. Com¬ 
pute also the sun's mean motion during the time of this 
synodical month, which add to360\ 7 hen, as the sum is 

to 360 d , so is the synodical to the periodical month. 

For example, Copernicus observed two eclipses of the 
moon, the one at Rome on November 6, 1500, at 12 at 
night, and the other at Cracow on August 1, 1523, at 4h. 
25 inin. the difference of meridians being 0 h. 29 min.: 
hence the quantity of the synodical month is thus deter¬ 
mined : 

2d Observ. 1523* 2S7 d 4 h 25 m 
1st Observ. 1500 310 0. 29 
Difference 22 292 3 56 

Add intercalary days - 5 

Exact interval 22 297 3 56 
which divided by 282, the number of lunations in that time, 
gives the synodical month 29* 12 h 41®. 

From two other observations of eclipses, the one at 
Cracow, the other at Babylon, the same author deter¬ 
mines more accurately the quantity of the synodical 
month to be 29 d 12 h 43“ &c; and from other observa¬ 
tions, probably more accurate still, the same is fixed at 
*29 a 12 h 44“. 

The sun's mean motion in that time 29° 6* 24 f/ 18'", 
added to 360°, gives the moon's motion 389 6 24 18 ; 
Therefore the periodical month is 27 d 7 k 43“ 5*. 

According to the observations of Kepler, 
the mean synodical month is 29 d 12 h 44“ 3* 2 th , 

and the mean periodical month 27 7 43 8 

Hence, 1st, the quantity of the periodical month being 
given, the moon's diurnal or horary motion, Sec, may be 
found: and thus may tables of*the mean motion of the 
moon be constructed. 

2. If the mean diurnal motion of the sun be subtracted 
from that of the moon, the remainder will give the moon's 
diurnal motion from the sun: and thus may a table of this 
motion be constructed. 

3. Since the moon is in the node at the time of a total 
eclipse, if the sun's place found for that time, and 6 
signs be added to the same, the sum will give the place of 
that node. 

4. By comparing the ancient observations with the mo¬ 
dern, it appears, that the nodes have~a motion, and that 
they proceed in antcccdcntia, or backwards, from Taurus 
to Aries, from Aries to Pisces, Sec. Therefore, if the 
diurnal motion of the nodes be added to the moon's diur¬ 
nal motion, the sum will be the motion of the moon 
from the node; and thence by simple proportion may be 
found in wbat time the moon goes 360° from the dragon's 
head, or ascending node, or in what time she goes from, 
and returns to it; that is, the quantity of the drucontic 
month.' 

5. If the motion of the apogee be subtracted from the 
mean motion of the moon, the remainder will be the 
moon's mean motion from the apogee; and hence# by the 


rule of three, the quantity of the anomalistic month is 
determined. 

Thus, according to Kepler’s observations. 

The mean synodical month is - 29 d 12 h 44® 3 s 2 th 


The periodical month 

- 

2 7 

7 

43 

8 

The place of the apogee for 

the") 

11* 

S° 

67’ 

1" 

year 1700 Jan, 1, old style, 

was \ 

The place of the ascending node 

mm 

4 

27 

39 

17 

Mean diurnal motion ol the moon 

- 

13 

10 

35 

Diurnal motion of the apogee 

• 



G 

41 

Diurnal motion of the nodes 


- 


3 

11 

Theref. diurnal mot. from the latter 

. 

13 

13 

46 

And the diurnal motion from 

the 7 


13 

3 

54 

apogee - 

3 






Lastly, the cxcentricity is 4362, of such parts as the semi- 
diameter of the excentric is 100,000. 

To find nearly the Moon's Age or Change . 

To the epact add the number and duy of the month ; 
their sum, abating 30 if it be above that number, is the 
moon's age; and her age taken from 30, shows the day of 
the change.—The numbers of the months, or monthly 
epacts, are the moon's age at the beginning of each month, 
when the solar and lunar years begin together; and are 
thus : 

0 2123 4 5688 10 10 

Jan. Feb. Mar. Ap. Ma. Jun. Jul. Aug. Sep. Oct. Nor. Dec. 

Ex. To find the moon's age, Oct. 14, 1S13. 
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Here, the cpact is 9 

Number ol the month 8 

Day of the month 14 

The sum is 31 

Subtract or abate 30 

Leaves moon’s age 1 

Taken from 30 

Days till the change 29 

Answering to Nov. 12 


To find nearly the Moon’s Southing , or coming to the 
meridian. Take \ or T V of her age, for her southing 
nearly; afternoon, if it be less than 12 hours; but if 
greater, the excess is the time after the foregoing mid¬ 
night. 

Ex. Oct. 23, 181*. 

The moon’s age is 10 days 

T % of which is 8 h the sou. afternoon. 

Air. Ferguson, in his Select Exercises, pa. 135, See, has 
given very easy tables and rules for finding the new and 
full moons near enough the truth for any common al¬ 
manac. But the Nautical Almanac, which is now 
ways published for several years before-hand, in a great 
measure supersedes the necessity of these and other such 
contrivances. 

Of the Spots and Mountains , g(c, in the Moon. 

The face of the moon is greatly diversified with inequa¬ 
lities, and parts of different\ colours, some brighter and 
some darker than the other parts of her disc. When viewed 
through a telescope, her face is evidently diversified with 
hills and valleys: and the same is also shown by theredge 
or border of the moon appearing jagged, when so viewed, 
especially about the confines of the illuminated part when 
the moon is either horned or gibbous. 

The astronomers, Florcnti, Langrcni, Hpvelius, Gri¬ 
maldi, Riccioli, Cassini, and Delahirc, &c, have drawn 
the face of the moon as viewed through telescopes; noting 
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all tho more shining parts, and, for the better distinction, 
niniking them with some proper name; some of these 
authors calling them alter the names ot philosophers, as¬ 
tronomers, and other eminent men; while others denomi¬ 
nate them from the known names ot the different countries, 
island^ and seas on the earth. The names adopted by 
Riccioli however are mostly followed, as the names of 
Hipparchus, Tycho, Copernicus,&c. Fig. 4, plate 19, is a 
rather exact representation of (he full moon in her mean li- 
hrution, with the numbers to the principal spots according 
to Riccioli, Cassini, Mayer, «\:c, which denote the names 
as in the following li>t of them: also the asterisk refers to 
one of the volcanoes observed by Hcrschel. 


# Hcrscher$ Volcano 26 Hermes 

1 Grimaldi 27 Possidonius 

2 Galileo 2S Dionysius 

3 Aristarchus 29 Pliny 

4 Kepler o 0 / Catharina Cyrillus, 

5 Gassendi \ Thcophilus 

6 Schikard 31 Fracastor 

7 Harpalus ,* 0 f Promontorium auctum, 

8 Hcraclides " \ Ccnsorinus 

9 La ns berg 33 Messala 

10 Reinhold 34 Promontorium Somnii 

11 Copernicus 3.5 Proclus 

12 Helicon 36 Cleomedes 

13 Capuanus 37 Snell and Turner 

14 Bulliald 38 Petavius 

15 Eratosthenes 3p Langrcnus 

1 6 Timocharis 40 Taruntius 

17 Plato a Marc Humortim 

18 Archimedes' b Marc Nubiuin 

lp Insula Sinus Mcdii c Mure Imbrium 

20 Pitatus . v Mare Ncctnris 

21 Tycho • E Mare Tranquillitatis 

22 Eudoxus • f Marc Screnitatis 

23 Aristotle g Marc Fcrcunditatis 

24 Mnnilius 11 MurcCrisium 

25 Menelaus 

That the spots in the moon, which arc taken for moun¬ 
tains and valleys, are really such, is evident from their 
shadows. For in all situations of the moon, the elevated 
parts afe Constantly found to cast a triangular shadow in 
a direction from the sun; and, on the contrary, the cavi¬ 
ties arc always dark on the side next the sun, and illumi¬ 
nated on the opposite one ; which is exactly conformable 
to what wc observe of hills and valleys on the earth. And 
t)s the tops of these mountains arc considerably elevated 
above I he other parts of the surface, they are often illu¬ 
minated when they arc at a considerable distance from the 
confines of thc'cnlightened hemisphere, ami by this means 
ofTord us a method of determining their heights. 

Thus, Jet Kl> he the moon's dia- R ^ 

meter, ecu the boundary of light -— 

and darkness; and a the top.of a 

hill in the dark part beginning to \ 

be illuminated ; with a telescope \ r 

take: the proportion of ae to the 1 

diameter ed : then there arc given 1 

th# two sides* ae, ec of a right- y 

angled triangle ace, the squares of 

which beillg added together give u 

the square of Cfic third side ac, and the root extracted is 

that side itself; from which subtracting the radius bc, 
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leaves ab the height of the mountain. In this way, Ric-' 
cioli observed the top of the hill called St. Catharine, on 
the 4th day after the new moon, to be illuminated when it 
was distant from the confines of the enlightened hemi¬ 
sphere about one l6th part of the moon's diameter; and 
thence found its height must be near 9 miles. 

It is probable} however that this determination is too 
much. Indeed, Galileo makes ae to be only one 20th of 
ed, and Hevolius makes it only one 26th of ed ; the former 
of these would give5l miles, and the latter only 3$ miles, 
for a b, the might of the mountain: and probably itshould 
be still less than either of these. 

Accordingly, they arc greatly reduced by the observa¬ 
tions of Herschel, whose method of measuring them was 
given in the Philos. Trans, an. 1780, pa. 507> or my 
Abridg. v. 14, pa. 717; and which is as follows. 'Ibis 
method is for any time whatever of the moon's age; whereas 
the me thud used by Hevclius, as above explained, willserve 
for the time of the quadrature only ; in all other positions 
the projection of the hills must appear much shorter than 
it really is. Let sem, or shn, be a line drawn from the 
sun to the mountain, touching _ 

the moon at L or/, and the moun-. 
tain at M orwi. Then, to an ob- / \ 

server at e or e 9 the lines LM, / \ ® 

lm % will not appear of the same [-—2—— 

length, though the mountains V y 

should be of an equal height; \ r^i. 

for lm will bc projected into \ ^f 

o/i, and lm into ox. But these . At £ 

are the quantities that are taken { 

by the micrometer, when wc ob- ■*> . . » « 

serve a mountain to project from the line of illumination. 
From the observed quantity on, when the moon is jiot in 
her quadrature, to find lm, wc have the following analo¬ 
gy : the triangles loo, lmt, are similar; therefore 
lo : lo : : l r : lm; but 1.0 is the radius of the moon,and 
Lr, or 011, is the observed distance of the mountain's pro¬ 
jection ; and lo is the sine of the angle rol = ols, which 
wc may take to be the distance of the sun from the moon, 
without any material error, and which therefore wc may 
find at any given time from un ephemeris. 

In this manner Dr. II. measured the height of many of 
the lunar prominences, and draws at last the following 
conclusions:— €< From these observations ,1 believe it is 
evident, tlmt the height of the lunar mountains in general 
is greatly over-rated ; and that, when wc have excepted a 
few, the generality do not exceed half a mile in their per¬ 
pendicular elevation." Anc^this is confirmed by the 
measurement of several mountains) as may bc seen in the 
place above quoted, ' % 

As the moon has on her surface mountains and valleys 
in common with the earth, some Qiodcrn astronomers have 
discovered a still greater similarity, viz, that some of these 
are really volcanoes, emitting fire, as thpsp on the earth 
. do. An appearance of this kind was discovered some few 
years ago by Don Ulloa in an eclipse of the sun. It was a 
small bright spot like a star near the margin of the muon, 
and which he at thpt time supposed to be a hole or val¬ 
ley with the sun's light shining through it. Succeeding 
observations, however, have induced astronomers40 attri¬ 
bute appearances of this kind to the eruption of volcanic 
. fire; and Dr. Herschel has particularly observed several 
eruptions of the lunar volcanoes, the last of which he gives 
an uccount of in the Philos. Trans, fotf 1787» April 19, 
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lOh. 6 % m. sidereal time, “ I perceived," says lie, u three 
volcanoes in different places of the dark part of the new 
moon. Two of them are citner already nearly extinct, or 
otherwise in a state of going to break out ; which perhaps 
may be decided next lunation. The third shows an actual 
eruption of tire or luminous matter: its light is much 
brighter than the nucleus of the comet which M- Mechain 
discovered at Paris the 10th of this month." The follow¬ 
ing night he found it burnt with greater violence; and by 
measurement he found that the shining or burning matter 
must be more than 3 miles in diameter ; being of an irre¬ 
gular round figure, and very sharply defined on the edges. 
The other two volcanoes resembled large faint nebula?, that 
are gradually much brighter in the middle; but no well- 
defined luminous spot was discovered in them. He adds, 
“ the appearance of what I have called the actual fire, or 
eruption of a volcano, exactly resembled a small piece of 
burning charcoal when it is covered by n very thin coat of 
white ashes, which frequently adhere to it when it has been 
some time ignited ; and it had a degree of brightness about 
as strong as that with which a coal would be seen to glow 
in faint day-light. 

In a letter by M. Lalande, it is said that, the 13th inst. 
from 7 toy in the evening, Dom. Nouet, one of the astro¬ 
nomers of the Royal Observatory, perceived, in the un¬ 
enlightened part of the moon, what Dr. Hcrschel has called 
a volcano, like a star of the sixth magnitude, or one of the 
cloudy ones, the brightness of which increased from time 
to time, as if by flashes. Other astronomers have per¬ 
ceived it, and M. de Villencuvc had seen it before, on the 
22d of May,- 1787- We cannot therefore doubt of the 
existence of this volcano in the moon. Dr. Hcrschel saw 
* it.the 4th of May, 1783, and particularly the Jj)th of 
April, J787* In the eclipse of the 24th of June, 1778, 
M. d'Ulloa, a well-known Spanish astronomer, had seen 
up the daric disc of the moon, a bright point; and in the 
.gtotal eclipse of 1715, certain curious observers had per- 
•ccived some flashes of light. There is no sensible atmo¬ 
sphere in the moon, it is true, and chemists may dispute 
about the name of volcanoes being given to such apparent 
eruption; but the name after all is of no consequence, and 
we must certainly subscribe to Dr. HcrschePs opinion. 
This volcano is situated in the north-east part of the moon, 
about three minutes from the moon's border, towards the 
spot called Helicon, marked No. 12 in the figure of the 
moon in Lalandc's astronomy. On the next day, March 
the 14th, Jupiter had been eclipsed by the moon. This 
rare and curious pheuomena has been observed by all 
astronomers. # • 

it has been disputed whether the moon has any atmo¬ 
sphere. The following arguments have been urged by 
those who deny it. 1. The inoon, say they, constantly 
appears with the same brightness when our atmosphere is 
clear; which could not be the case if she were surrounded 
with an atmosphere like ours, so variable in its density, and 
so often obscured by clouds and vapours. 2. In an ap- 
pulse ol the moon to a star, when she comes so near it that 
a part of her atmosphere comes between our eye and the 
star, refraction would cause the latter to seem to change 
its place, so that the moon would appear to touch it later 
than by her own motion she would do. 3. Some philoso¬ 
phers are of opinion, that because there arc no seas or 
lakes in the moon, there is therefore no atmosphere, as 
there is no water to be raised up in vapours. 

But ail these arguments have been answered by other 


astronomers in the following manner. It is denied that 
the moon appears always with the same brightness even 
when our atmosphere appear* equally clear. Ilcvchus re¬ 
lates, that he has several times lound in skies perfectly 
clear, when even stars of the (>th and 7th magnitude we re 
visible, that at the same altitude of the inoon with the 
same elongation from the sun,and with the same telescope, 
the moon and her macula? do not appear equally lucid, 
clear, and conspicuous at all times ; but an much brighter 
ami more distinct at some times than at others. And 
hence it is inferred that the cause of this 'phenomenon is 
neither in our air, in the tube, in the moon, nor hi the 
spectator’s eye ; but must be looked for in something ex¬ 
isting about the moon. An additional argument is drawn 
from the ditVerent appearances of the moon in total eclipses, 
which it is supposed areowingto the different constitutions 
of the lunar atmosphere. 

To the 2d argument Dr. Long replies, that Newton has 
shown (Princip. prop.37, cor. 5), that the weight of any 
body upon the moon is but a third part of what the weight 
of the same would bo upon the earth : now the expansion 
of the air is reciprocally as the weight that compresses it; 
therefore the air surrounding the moon, being pressed to¬ 
gether by a weight of one-third, or being attracted towards 
the centre of the moon by a force equal only to one-third 
of that which attracts our air towards the centre of the 
earth, it thence follows, that the lunar atmosphere is only 
one-third as dense as that of the earth, which is too little 
to produce any sensible refraction of the star’s light. 
Other astronomers have contended, that such refraction 
was sometimes very apparent. M. Cassini says, he often 
observed that Saturn, Jupiter, and the fixed stars, had 
their circular figures changed into an elliptical one, when 
they approached either to the moon's dark or illuminated 
liinb, though they ow n that, in other occultations, no such 
change could be observed. And, with regard to the fixed 
stan>, it has been urged that, granting the moon to have an 
atmosphere of the same nature and quantity'as ours, no 
such effect as a gradual diminution of light ought to take 
place ; at least none that we could be capable of perceiv¬ 
ing. At the height of 44 miles, our atmosphere is so rare 
as to be incapable of refracting the rays of light : this 
height is the I 80th part of the earth’s diameter ; but since 
clouds arc never observed higher than 4 miles, it appears 
that the vapourous or obscure part is only the 1080th 
part. The mean apparent diameter of the muon is 
31 2 % 9 f# , or 1889therefore the obscure parts of her atmo¬ 
sphere, when viewedirom the earth, mustsubtend an angle 
of less than one second ; which space is passed over by th£ 
moon in less than t>vo seconds of time. It can therefore 
hardly be expected that observation should generally de¬ 
termine whether the supposed obscuration takes place or 
not. . . 

As to the 3d argument, it concludes nothing, because it 
is not known that there is no water in the moon; nor, 
though this could be proved, would it follow that the lunar 
atmosphere answers no other purpose than the raising of 
water into vapour. There is however a strong argument 
in favour of the existence of a lunar atmosphere, tuken 
from the appearance of a luminous circle round the moon 
in the time of total solur eclipses ; a circumstance that 
has been observed by many astronomers ^especially in the 
total eclipse of the sun which happened May 1, 1706V 

These are the arguments that huve been advanced fpr 
and against the hypothesis of the existence of a lunurat- 
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inosphcro ; but ibis question seems to be at last settled, 
by the accurate and long continued observations of S. 
Piazzi, a celebrated astronomer, who has proved, as sa¬ 
tisfactorily as the nature of the subject seems to allow, 
that the moon has really an atmosphere, though much 
less dense than ours, and the height of it scarcely exceeding 
some of the highest of the lunar mountains. 

Of the Harvest Moon. It is remarkable that the moon, 
during the week in which she is at the full about the tune 
of harvest, rises sooner alter sun-setting, than she docs in 
any other full-moon week in the year. By this means she 
affords an immediate supply of light after sun-set, which 
is very beneficial for the harvest and gathering in the 
fruits of the earth : and hence this full moon is distin¬ 
guished from all the others in the year, by calling it the 
harvest-moon. 

To conceive the reason of this phenomena, it may first 
be considered, that the moon is always opposite to the sun 
when she is lull ; that she is at the full in the signs Pisces 
and Aries in our harvest months, those being the signs op¬ 
posite to Virgo and Libra, the signs occupied by the sun 
about the same season ; and because those parts of the 
ecliptic rise in a shorter space of time than others, as may 
oftsily be shown and illustrated by the celestial globe: con¬ 
sequently, when the moon is about her full in harvest, she 
rises with less difference of time, or more immediately after 
sun-set, than when she is full at other seasons of the 
year. 

In our winter, the moon is in Pisces and Aries about 
the time of her first quarter, when she rises about noon; 
but her rising is not then noticed, because the sun is above 
the horizon.—In spring, the moon is in Pisces and Aries 
about the time of her change ; at which time, as she gives 
no light, and rises with the sun, her rising cannot be per¬ 
ceived.—In summer, tbe moon is in Pisces ami Aries about 
the time of her last quarter; and then, as sho is on the 
decrease, and rises not till midnight, her rising usually 
pusses unobserved.—But in autumn, the moon is in Pisces 
and Aries at the time of her full, and rises soon after sun¬ 
set for several evenings successively ; which makes her re¬ 
gular rising very conspicuous at that time of the year. 

And this would always be the case, if the moon's orbit 
lay in the plane of the ecliptic. But as her orbit makes 
an angle of 5 18' with the ecliptic, and crosses it only in 
the two’ opposite points called the nodes, her rising when 
in Pisces and Aries will sometimes not differ above 1 h. 
and 40 min. through the whole of 7 days ; and at other 
times, in the same two signs she will-differ 3 hours and a 
half in the time of her rising in a # weck, according to the 
different positions of the nodes with respect to these signs ; 
which positions are constantly changing, because the nodes 
go backward through the whole ecliptic in 18 years and 
225 days. 

This revolution of the nodes will cause the harvest moons 
to go through a w hole course of the most and least benefi¬ 
cial states, with respect to the harvest, every 19 years. 
The following table shows in what years the harvest moons 
arc least beneficial as to the times of their rising, and in 
what years they are most beneficial, from the year 1790 
to 1801 ; the column of years under the letter l, arc those 
in which the harvest-moons are least beneficial, because 
they full about the descending node ; and those under the 
letter w arc the most beneficial, because they full about 
the ascending node. 
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Harvest Moons • 

L M L M L M L XT . 

1790 179S 1807 1 8 16 1826 1835 1844 1853 

1791 1799 1 SOS 1817 1827 1836 1845 1854 

1/92 1800 1809 1818 1828 1837 1840 1855 

179J 1S01 1810 1819 1829 1838 1847 l»5o 

175)4 1S<>2 181 1 1820 1S30 1839 1848 1857 

1795 1803 1S12 1821 1831 1840 1849 185S 

1796 1804 1813 1822 1832 1841 1850 1859 

1797 1805 1814 1723 1S33 1842 1851 I860 

1806 1815 1824 1834 1843 1852 l« 6 l 

1825 

As to the Influence qf the Moon, on the changes of the 
weather, and the constitution of the human body, it may 
be observed, that the vulgar doctrine concerning it is very 
ancient, and has also gained much credit among the 
learned, though perhaps without sufficient examination. 
The common opinion is, that the lunar influence is chiefly 
exerted about the time of the full and change, but more 
especially the latter; and it would seem that long expe¬ 
rience has in sonic degree established the fact: hence, 
persons observed at those times to be a little deranged in 
their intellects, are called lunatics; and hence many 
persons anxiously look for the new moon to bring a chango 
in ihe weather. The moon’s influence on the sea,in pro¬ 
ducing tides, being agreed upon on all hands, it is argued 
that she must also produce similar changes in the atmo¬ 
sphere, but in a much higher degree; which changes and 
commotions.there, must, it is inferred, have a considerable 
influence on the weather, and on the human body. 

Besides the observations of the ancients, which tend to 
establish this doctrine, several among the modern philoso¬ 
phers have defended the same opinion, and that upon the It 
strength of experience and observation; while others as 
strenuously deny the fact. The celebrated Dr. Mead was 
a believer in the influence of the sun and moon on t^e 
human body, and published a book on this subjcct^in- 
titled, Dc Impcrio Solis ac Lome in Corpora Humano. 
The existence of such influence was however Opposed by 
bishop Horsley, in a learned paper on this subject, in the 
Philos. Trans, for the year 1775 ; where lie gives a speci¬ 
men of arranging tables of meteorological observations, so 
as to deduce from them facts, that may either confirm or 
refute this popular opinion; recommending it to the 
learned, to collect a large scries of such observations, ns no 
conclusions can be drawn from one or two only. On the 
other hand professor Toaldo, and some French philoso¬ 
phers, take the opposite side of the question; and, from 
the authority of a long series of observations, pronounce 
decidedly in favour of tbc Lunar Influence, 

Acceleration of the Moon. Sec Acceleration.. 

Moux-Dia/. Sec Dial. 

Horizontal Moon. Sec Apparent Magnitude. 

MOOltE (Sir Jon as), a very respectable mathematician, 
and surveyor-general of the ordnance, was born at Whitbec 
in Lancashire, about the year 1620. After enjoying the 
advantages of good school education, he bent his studies 
principally to the mathematics, to which he hud always a 
strong inclination. In the expeditions of King Charles 
the 1st into the northern parts of England, our author was 
introduced to him, as a person studious and learned in 
those sciences; when the king expressed much approba¬ 
tion of him, and promised him encouragement; which in¬ 
deed laid the foundation of his fortune. He was after¬ 
wards appointed mathematical master to the king's accond 
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$on James, to instruct him in arithmetic, geography, the 
use of the globes, &c. During Cromwell’* government it 
seems he followed the profession of a public teacher of 
mathematics; for I find him staled, in the title-page of 
some of his publications, 44 professor of the mathematics.” 
After the return of Charles the 2d, he found great favour 
and promotion, becoming at length surveyor-general of 
the king’s ordnance. He was also a great favourite both 
with the king and the duke of York, who often consulted 
him, and were advised by him on many occasions. And 
it must be owned that he often employed his interest with 
the court to the advancement of learning and the encou¬ 
ragement of merit. Thus, it was through his interest that 
I'lamstecd-house was built in 10/5, as a public observa¬ 
tory, recommending Mr. Flamsteed to be the king's astro¬ 
nomer, to make the observations there: and being sur¬ 
veyor-general of the ordnance himself, he made the salary 
of the astronomer-royal payable out of the office of ord¬ 
nance, as it still continues. Being also a governor of 
Christ's-hospital, he prevailed on the king to found the 
mathematical school there, allowing a handsome salary 
for a master to instruct a certain number of the boys in 
mathematics and navigation, to qualify them for the sea- 
service. Here he soon found an opportunity of exerting 
his abilities in a manner somewhat answerable to his 
wishes, namely, that of serving the rising generation. And 
considering with himself the benefit the nation might re¬ 
ceive from a mathematical school, if rightly conducted, 
he made it his utmost care to promote the improvement 
of it. But though the school was established, there 
6till wanted a methodical institution from which the youths 
might receive such necessary helps as their studies re¬ 
quired : a laborious work, from which his other great* 
and assiduous employments might very well have exempted 
him, had not a predominant regard to a more general 
usefulness engaged him to devote all the leisure hours 
of his declining years to the improvement of so useful and 
important a seminary of learning. 

Having thus engaged himself in the prosecution of this 
general design, he next sketched out the plan of a course 
or system of mathematics for the use of the school, and 
then drew up and published several parts of it himself, 
when death put an end to his labours, before the work 
was completed, about the middle of 1681, the year in 
which the work was published by his sons-in-law, Mr. 
Manway and Mr. Potinger. Of this work, the Arithme¬ 
tic, Practical Geometry, Trigonometry, and Cosmography, 
were written by Sir Jonas himself, and printed before his 
death. The Algebra, Navigation, and the books of Eu- 
clid were supplied by Mr. Perkins, at that time master of 
the mathematical school. And the Astronomy, or Doctrine 
of the Sphere, was written by Mr. Fluinstced, the astrono¬ 
mer-royals 

further, as be was the king's constant counsellor In all 
matters of science, it was .doubtless by his advice that the 
Royal Society also was founded in the year 1662. 

1 he list of Sir Jonas's works, as far as I have seen them, 
is as follows: 

1. The New System of Mathematics; above mentioned, 
vols 4to, 1681. 

2. Arithmetic in two books, viz. Vulgar Arithmetic 
and Algebra. To which are added two Treatises, the 
one, A new Contemplation Geometrical, .upon the Oval 
Figure called the Ellipsis; the other, The two first books 
of MydoHiusj bis Conical Sections analized &c. 8vo, 1660. 


3. A Mathematical Compendium; or Useful Practice* 
in Arithmetic, Geometry, and Astronomy, Geography 
and Navigation, &c, &c. lCrno, 4th edition in 1705. 

4. Modern Fortification, Ac, 10/3, in 8vo. 

5. A General 1 realise of Artillery : or, Great Ordnance. 
Written in Italian by Tomaso Moreln of Bre>cia. Trans¬ 
lated into English, with notes thereupon, and some addi¬ 
tions out of French for Sea-Gunners. By Sir Jonas 
Moore, Kt. 8vo, lfcS3. 

MORELAND or MORLAND (Silt Samuel), an 
ingenious mechanist and philosopher, lie was master of 
mechanics to king Charles the 2d, and he invented several 
useful machines; as, the speaking-trumpet, a fire-engine, 
and a capstan tor heaving up anchors, &c. He published 
also a respectable book on Arithmetic, in 16*74. Three 
papers of his are inserted in the Philos. Trans.; one on the 
speaking-trumpet above-mentioned ; another on a scheme 
lor raising water; and a third on a successful operation 
for the hy drops pec toris. 

Tin* author was the >on of another Sir Samuel Mor|and, 
a great statesman, and under-secretary lo the minister 
Thurlow. He was employed by Cromwell in several em¬ 
bassies, ami had received the title of baronet for services 
rendered to King Charles the 1st. 

In l6?5, Sir S. got a patent for a certain powerful 
engine to raise water, which project was, in the preceding 
year, announced in the Philos. I runs, of the ltoyal Society. 

1 his machine, by the strength of 8 men, would force wa¬ 
ter, in a continual stream, from the river Thames, to the 
top of Windsor Castle, and 6*0 feet higher, at the rate of 
60 barrels an hour; which experiment was repeated seve¬ 
ral times, in the year 1681, before thi- king, queen, and 
court; when his majesty presented to Sir S. a medal, 
with his effigy set round with diamonds, and constituted 
him his master of mechanics, &c. So that it stems 
it has not always been the practice to present to this office, 
without some view to public utility.—To Sir S. also it 
appears, is due the first account of the steam-engine; on 
which subject, he wrote a book, in which he not only 
showed the practicability of the plan, but went so far as to 
calculate the power of different cylinders. ^-This book is 
now extant in manuscript, in the Ilarleinn collection 
of MSS. in the British Museum, described in the im¬ 
proved Harleian catalogue, vol. lii, No. 5/71, and it is 
also pointed out in the preface to that volume, sect. 32. 
The author dates his invention in 16*82; consequently 17 
years prior to Savory's patent. It wasfcpresented to the 
trench king in 1683, at which time experiments were ac¬ 
tually shown ut St. Germain's. As Mr. S. held places * 
under Charles the 2d, we must naturally conclude that he 
would not have gone over to France to offer his invention 
to Louis the 14th, had lie not found it slighted at home, 
'the project seems to have remained obscure in both coun¬ 
tries till 1699, when Savery, who probably knew more of 
Morland’s invention than he owned, obtained a patent; 
and in the very same year, M. Amontous proposed some¬ 
thing similar ,to the French Academy, seemingly us his 
own. 

MORTALITY. Bi/ls of Mortality , are accounts or 
registers specifying the numbers born and buried, und 
sometimes married, in any town, parish, or district. These 
are of great use, not only in the doctrine oflile annuities, 
but in showing the degrees of healthiness and prolificness, 
with the progress of population in the places where they 
are kept. It is therefore much to be wished that such nc- 
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counts ha«] always been correctly kept in every kingdom, 
and regularly published at the end ol every year. We 
should ilit It have had under inspection the comparative 
strength of every kingdom, as far as it depends on the 
number of inhabitants, and its increase or decrease at dil- 
terent periods. 

Sucli accounts are rendered still more useful, when 
they include the a£cs of the dead, and the distempers of 
which they have died. In this case they convey some ot 
the most important instructions, by furnishing the means 
of ascertaining the law which governs the waste of human 
life, the values of’annuities dependent on the continuance 
of any lives, or any survivorships between them, and the 
favourableness or unfavourablencss of different situations 
to lhe duration of life. 

There are however but few registers of this kind; nor 
has this subject, though so interesting to mankind, ever 
engaged much attention till lately. -Indeed, bills ot 
mortality for the several parishes of the city ot London 
have been kept from the year I5y2> with little interrup¬ 
tion; and a very ample account of them has been pub¬ 
lished down to the year 175f), by Dr. Birch, in a large 
4to vol• which is pel haps the most complete work ol the 
kind extant; containing besides the bills ot mortality, with 
the diseases and casualties, several other valuable tracts 
on the subject of them, and on political arithmetic, by 
several other authors, as Capt. John Graunt, F. n. s.; 
Sir William Petty, r. it. s.; Corbyn Morris, Esq. r. R.s.; 
and J. P. Esq. F. it. a.; the whole forming a valuable re¬ 
pository of materials; and it would be well if a continua¬ 
tion were published, down to the present date, and so con¬ 
tinued from time to time. 

Bills, containing the ages of the dead, were long since 
published for the town of IJreslaw in Silesia. It is well 
known what use has been made of these by Dr. Halley, 
apd alter him by Mr. Dcmoivre. A table of the proba¬ 
bilities of the duration of human life at every age, deduced 
from them by Dr. Halley, was published in the Philos. 
Trans, vol. 17^ and has been inserted in this work under 
the article Live-A nnuities; which is the first tabic of the 
kind that has been published. Since the publication of 
this table, similar bills have been established in many 
other places, in England, Germany, Switzerland, France, 
Holland, &c, but more particularly in Sweden; the re¬ 
sults cii some of which may be seen in the large compara¬ 
tive table of the duration of life, under our article Life- 
A acuities , as wclLas in the-writings of Dr. Price, baron 
Masercs, Mr. Baity, &c. 

MORTAR, or Mortar-Piece, a short-piece of ord¬ 
nance, thick and wide,, proper for throwing bomb-shells, 
carcases, stones, grape-shot, &c. It is thought that the 
use of mortars is prior to that of cannon: for they were 
employed in the wars of Italy, to throw balls of red-hot 
iron, and stones, long before the invention of shells: and 
it is generally believed that the Germans were the first 
inventors. The practice of throwing red-hot balls out of 
mortars, was first practised at the siege of Stralsund in 
1675, by the elector of Brandenburg; though sonic say, 
in 1653, ut the siege of Bremen. 

Mortars are made either of brass or iron, and it is usual 
to distinguish them by the diameter of the bore; as the 
13 inch, the 10 inch, or the ^ inch mortar: there are 
some of a smaller sort, as Cochorns of 4*6 inches, and 
Royals of 5*8 inches in diameter. As to the larger sizes, 
as 18 inches, &c, they are now disused by the English, us 


well as most other European nations. For the circum¬ 
stances relating to mortars, sec Muller's Artillery. 

Cochoru Mortar, a small kind of one, invented by the 
celebrated engineer baron Cochorn, to throw small shells 
or grenades. These inortars have been sometimes fixed, 
to the number of a dozen, on a block of oak, at the ele¬ 


vation of 45° 


MOTION, or Local Motion, is a continued and suc¬ 
cessive change of place. Borelli defines it, the successive 
passage of a body from one place to another, in a deter¬ 
minate time, by bocoming successively contiguous to all 
the parts of the intermediate space. Or motion is that 
affection of matter by which it is transferred from 011 c 
point of space to another. 

In order that the doctrine of mechanics may be brought 
within the boundaries of mathematical investigation, it is 
necessary, not only that the quantities it proposes for 
discussion should be measurable, either in themselves or 
in ’their effects, but also that some general principles 
should be established, the truth of which should be in¬ 
controvertible, and to which the student may at all times 
appeal in the course of his researches. Such general 
principles were first distinctly proposed by Sir I. Newton, 
in his Principia, and they have since his time been received 
ns mechanical axioms, or, as they arc commonly called, 
Laws of Motion, which are as follows: 

1 . Every body continues in its state of rest or uniform 
motion in a right line, until a change.is effected in it, by 
the agency of some external force. 

2. Any change affected in the quiescence, or motion of 

a body, is in the direction of the force impressed, and it 
proportional to the quantity of it. , 

3. Action and reaction arc equal and contrary; or * 
the mutual actions of two bodies on each other, arc al¬ 
ways equal, and directed to contrary parts. 

Continuation of Motion, or the cause why a body, once 
in motion, continues to persevere in it, is a subject, that 
has been much controverted by many celebrated philoso¬ 
phers; we must, however, he content with knowing that it 
is .one of the fundamental laws of nature, which is beyond 
the comprehension of the human mind; and by which, 
motion once begun, would be continued in infinitum, were 
it to meet with no interruption from external causes, 
such as the power of gravity, the resistance mediums, 
&c, &c. 

Communication of Motion, or how a body in motion 
communicates the same to a body at rest, by coming in 
contact with it, is also a subject which has been as mucli 
controverted by philosophers as the former, and after all, 
is os little understood as the continuation of motion, the 
cause of gravity, and ojlier speculative inquiries of a simi¬ 
lar nature. 

Motion, os wc before observed, is the proper subject of 
mechanics, and these arc the basis of nil natural philoso¬ 
phy ; and hence the denomination, Mechanicul, or Expe¬ 
rimental Philosophy. « t 

In effect, all the phenomena of nature, all the changes 
that happen in the system of bodies, are owing to motion; 
and arc directed according to the laws of it. Hciko the 
modern philosophers have applied themselves wi^h jgeculjur 
ardour to consider the doctrine of motion; to irfftiligut£ 
the properties.and laws of it; by observation aittrexperi- 
ment, aided by the use of geometry. *And to this is owing 
the great advantage of the modern philosophy over that of 
the ancients; who generally founded their systems of 
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philosophy on some absurd hypothesis of their own inven¬ 
tion; whereas the moderns, by deducing theirs from ex- 
|>erimcnts, carefully and frequently repeated, are enabled 
to proceed from effects to their causes in a much more ra¬ 
tional manner. 

Motion is considered as of various kinds, viz. Absolute, 
Relative, Equable, Accelerated, Retarded, &c. 

Absolute Motion, is an absolute change of place, in 
any moving body, considered independently of any other 
motion, the celerity of which will therefore be measured 
by the quantity of absolute space which the moveable 
body has passed over. And 

Relative Motion, is the change of the relative place of 
a moving body, considered with respect to some other body 
also in motion, and the celerity of it is estimated by the 
quantity of relative space run through. This may be il¬ 
lustrated by considering two vessels, sailing either in the 
same, or in contrary directions, but with different velocities 
in the former case ; both of which arc in absolute motion 
with regard to the port whence they sailed, or any other 
fixed point, but in relative motion with respect to each 
other. 

Among the ancients, there is nothing extant on motion, 
excepting some things in Archimedes’s books De jfcqui- 
pondcrantibus, and in Aristotle's. We arc indebted to 
Galileo for a great part of the doctrine ol motion : he first 
discovered the general laws of it, and particularly of the 
descent of heavy bodies, both perpendicularly and on in¬ 
clined planes; the laws of the motion of projectiles; the 
Vibration of pendulums, and of stretched cords, with the 
theory of cosistunccs, &c: tilings which the ancients had 
little ivptfon of. 

Torricelli considerably improved on the discoveries of 
his master, ualilco; and added many experiments concern¬ 
ing the force of percussion, and the equilibrium of fluids. 
Huygens extended the doctrine of pendulums; and both 
lie and Borelli the effects of percussion. Lastly, New¬ 
ton, Leibnitz, Varignon, Mariotlc, &c, have brought the 
doctrine of motion still nearer to perfection. 

The general laws of motion were first brought into a 
system, and analytically demonstrated together, by Dr. 
Wallis, Sir Christopher Ween, and M. Huygens, all much 
about the same time; the first in bodies not elastic, and 
the two latter in elastic bodies. Lastly, the whole 
doctrine of motion, including all the discoveries both 
of the ancients and moderns on that head, was given by 
Dr. Wallis in his Mcchanica, sivc Dc Motu, published 
in 1670. 

Quantity r/MoTiox, is the same as Momentum, which 
see. It is a principle maintained by the Cartesians, and 
sonic others, that the Creator at the beginning impressed 
a certain quantity of motion on bodies; and that under 
such laws, as that 110 part of it should be lost, but the 
same portion of motion should be constantly preserved in 
matter: and hence they conclude, that if any moving 
body strike another body, the former loses no more of its 
motion than it communicates to the latter. This position 
however has been opposed by other philosophers, and per¬ 
haps justly, unless the preservation of motion be under¬ 
stood only of the quantity of it as estimated always in the 
same direction; in which case the principle will hold 
good. However, the reasoning ought to have proceeded 
in the contrary order; by first observing from experiment, 
or otherwise, that when two bodies act upon each other, 
the one mins exactly the motion which is lost by the other, 
Vol. XI- 
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in the same direction; and hence have drawn the in¬ 
ference, that there is therefore the same quantity of mo¬ 
tion preserved in the universe, as was created by God in 
the beginning; since no body can act upon another, without 
being itself equally acted on in the opposite or contrary 
direction. 

Equable Motion, is that by which the moving body pro¬ 
ceeds with exactly the same velocity or celerity; passing 
always over equal spaces in equal times. 

The Laws qf Equable Motion , are these : 1. The spaces 
described, or passed over, are in the compound ratio of 
the velocities, and the times of describing those spaces. So 
that, it v and r be any two uniform velocities, s and s the 
spaces described or passed over by them, in the respective 
times t and * : 

then is s : s : : tv : tv, 
or 20: I2::4x5:3x4; 
taking t = 4, / = 3, v = 5, and v = 4. 

2. In uniform motions, the time is as the space directly, 
and as the velocity reciprocally; or as the space divided 
by the velocity. So that 

s s 

t : t : : — : - or :: sp : sv. 
v l* 

3. The velocity is as the space directly, and the time 
reciprocally ; or as the space divided by the time. 

That is, v : v : : - : - or : : st : st. 

Accelerated Motion, is that which continually receives 
fresh accessions of velocity. And it is said to be uniformly 
accelerated, when its accessions of velocity arc equal in 
equal times; such as that which is produced by the conti¬ 
nual action of one and the same force, like the force of gra¬ 
vity, &c. 

Retarded Motion, is that whose velocity continually 
decreases. Anil it is said to be uniformly retarded, when 
its decrease is continually proportional to the time, or by 
equal quantities in equal times; like that which is pro¬ 
duced by the continual opposition of one and the same 
force; such as the force of gravity, in uniformly retarding 
the motion of a body that is thrown upwards. 

The laws of motion, uniformly accelerated or retarded, 
urc these : 1. In uniformly varied motions, the space, s or 
*, is as the square of the time, or as the square of the great¬ 
est velocity, or as the rectangle or product of the time and 
velocity. 

That is, s : s : : x* : : : v* : p* :: tv : tv. 

2. The velocity is as the time, or os the space divided by 
the lime, or as the square root of the space. 

That is, v : v -: ; t : t :: ^ : j : : y's : +/$. 

3. The time is as the velocity, or as the space divided by 
the velocity, or as the square root of the spac*. 

That is, t ; t :; v : v :: B - : *- :: ^/s ' 

4. When a space is described, or passed over, by an 
uniformly varied motion, the velocity either beginning at 
nothing, and continually accelerated; or else beginning 
at some determinate velocity, and continually retarded till 
the velocity be reduced to nothing; then the space, so 
described by any body, is exactly equal to half the space 
that would be run over in the same lime by the greatest 
velocity if uniformly continued for that time. So, for 
instance, if g denote the space run over in one second, or 
any other time, by such a variable motion ; then 2 g would 
be the space that would be run over in one second, or the 

X. 
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*nme time, by the greatest velocity uniformly continued 
for the same time; or %g would be the greatest velocity 
per second which the moving body had. Consequently,if 
t be nny other time ,s the space run over in that time, and 
p the greatest velocity attained in it; then, from the fore¬ 
going articles, it will be 

l" : t fl : : <?g : Qgt = r the velocity, 
and l a : : g : gt x = j the space. 

And hence, for any such uniformly varied motions, the re¬ 
lations among the several quantities concerned, will be ex¬ 
pressed by the Jollowing equations: viz. 


!>' 


n m ^ 

s = gr = itv = —; 


v 2 * . s 

t = - = — = </— : 

n v * 


9 « 


v = 2 gt = — = Q-Z^s ; e =-= — = —. 

And those equations will hold good in the motion either 
generated or destroyed by the force of gravity, or by any 
other uniform force whatever. See also the articles Gra¬ 
vity, Acceleration, Retardation, See. Again, 

Simple Motion, is that which is produced by some one 
power or force only, and is always rectilinear, or in one 
direction, whether the force be only momentary or conti¬ 
nued. And 

Compound Motion, is that which is produced by two 
or more poweis acting in different directions. See Com- 
pound, and Composition of Motion. 

If a moving body be acted on by a double power; the 
one according to the direction ab, the other according to 
ac ; then, with the compound motion, m H 

or that which is compounded of these 
two together, it will describe the dia¬ 
gonal ad of the parallelogram, whose 
sides ab and ac it would have de¬ 
scribed in the same time with each of 
the respective powers separately ap¬ 
plied. 



And if the radius of a circle be 
made to revolve about the centre c, 
while a point in the radius sets off 
from a, and keeps moving along the 
radius towards the centre; then, by 
this compound motion, the path of 
the point will be a kind of spiral 

* BC. 

For the particular laws of motion, arising 
collision of bodies, both elastic and non-elastic, and that 
where the directions arc both perpendicular and oblique, 
see Percussion. 

For Circular Motion, and the Laws of Projectiles, 
see the respective words. 

For the Motion of Pendulums, and the Laws of Oscillation, 
see Penduxom. 

Perpetual Motion, is a motion which is supplied and 
renewed from itself, without the intervention of any ex¬ 
ternal cause. The celebrated problem of & perpetual 
motion, consists in the inventing a machine, which has 
the principle of its motion within itself; and is a problem 
that has engaged the attention of certain mathematicians for 
2000 years; though none perhaps hare prosecuted it with 
attention and earnestness equal to those of the last cen- 
tory. Infinite are the schemes, designs, plans, engines, 
wheels, &c, to which this longnlcsired perpetual motion 
has given birth. 

M. Labirc has proved the impossibility of any such 
machine, and finds that it amounts to this; viz, to find a 



body which is both heavier and lighter at the same time, 
or to find a body which is heavier than itself. Indeed there 
seems but little in nature to countenance all this assiduity 
and expectation : among all the laws of matter and mo¬ 
tion, we know of none yet that seem likely to furnish any 
principle or foundation for such an-effect. 

Action and reaction it is allowed are always equal ; 
and a body that gives any quantity of motion to another, 
always loses just so much of its own ; but under the pre¬ 
sent state of things, the resistance of the air, the friction of 
the parts of machines, &c, do necessarily retard every 
motion. To continue the motion therefore—cither, first, 
there must be a supply from some foreign cause ; which in 
a perpetual motion is excluded. Or, 2«!ly, all resistance 
from the friction of the parts of matter must be removed; 
which necessarily implies a change in the nature of things. 
Or, Sdly and lastly, there must be some method of gain¬ 
ing a force equivalent to what is lost, by the artful dispo¬ 
sition and combination,of mechanic powers; to which 
last point then all endeavours are to be directed : but 
how, or by what means, such force should be gained, is 
still a mystery. The multiplication of powers or forccs.it 
is certain, avails nothing; for what is gained in power is 
lost in time, so that the quantity of motion still remains 
the same. This is an invariable law of nature; by which 
nothing is left to art, but the choice of the several combi¬ 
nations that may produce the same effect. 

There arc various ways by which absolute force may bo 
gained ; but since there is always an equal gain in oppo¬ 
site directions, and no increase obtained in the same direc¬ 
tion ; in the circle of actions necessary to make a perpetual 
movement, this gain must be presently lost, and will not 
serve for the necessary expense of force employed in over¬ 
coming friction, and the resistance of the medium. And 
therefore, though it could be shown, that in an infinite 
number of bodies, or in an infinite machine, there could be 
a gain of force forever, and a motion continued to infinity, 
it docs not follow that a perpetual movement can be made. 
That which was proposed by M. lA-ibnitz in the Lcipsic 
Acts of l6'90, as a consequence of the common estimation 
of the forces of bodies in motion, is of this kind, and for 
this and other reasons ought to be rejected. Sec Orf- 
fvreus’s Wheel, &c, also my Recreations, vol. 2, prob. 
52 on Mechanics. 

Animal Motion, is that by which the situation, figure, 
magnitude, Ac, of the parts and members of animnls are 
changed. Under these motions, are included all the animal 
functions ; as respiratiorji circulation of the blood, excre¬ 
tion, walking, running, &c. 

Animal motions are usually divided into two species; 
viz, Natural and Spontaneous. 

Natural Motion, is - that involuntary one which is 
effected without the command of the will, by the mere 
mechanism of the parts. Such as the motion of the heart 
and pulse; the pcristultic motion of the intestines, &c. 
But 

Spontaneous, or Musculur Motion, is that which is per¬ 
formed by means of the muscles, at the command of the 
will; which is hence called voluntary motion. Borelli has 
a celebrated treatise on this subject, entitled De Motu 
Anitnalium. 4^* 

Intestine Motion, denotes an agitation of the particles 
of which a body consists. Some philosophers will have 
every body, and every particlo of a body, in continual 
motion. As for fluids, it is the definition they give of 
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them, that their parts arc in continual motion. And as 
to solids, they infer the like motion from the effluvia con¬ 
tinually emitted through their pores. Hence intestine mo¬ 
tion is represented to be a motion of the internal and smaller 
parts of matter, continually excited by some external, latent 
agent, which of itself is insensible, and only discovers itself 
by its effects; appointed by nature to be the great instru¬ 
ment of the changes in bodies. 

Motion, in Astronomy, is peculiarly applied to the or¬ 
derly courses of the heavenly bodies. 

Mean Motion. See Mean. 

The motions of the Celestial luminaries are of two kinds: 
Diurnal, or Common; and Secondary, or Proper. 

Diurnal, or Primary Motion, is that with which all the 
heavenly bodies, and the whole mundane sphere, appear 
to revolve every day about the earth, from east to west. 
This is also called the motion of the primum mobile, and 
the common motion, to distinguish it from that rotation 
which is peculiar to each planet,&c. 

Secondary , or Proper Motion, is that with which a star, 
planet, or the like, advances a certain space every day from 
the west towards the east. See the several motions of each 
luminary, with the irregularities, &c, of them, under the 
proper articles, Earth, Moon, Star, &c. 

Angular Motion, is that by which the angular position 
of any thing varies. See Angular. 

Horary Motion, is the motion during each hour. See 
Horary. 

Paracentric Motion of Impetus . See Paracentric. 

Motion of Trepidation , &c. Sec Trepidation and 
Libration. 

MOTIVE Power , or Force , is the whole power or force 
acting upon any body, or quantity of mattcr r to move it; 
and is proportional to the momentum or quantity of mo¬ 
tion it can produce in a given time. And it is thus distin¬ 
guished from the accelerative force, which is considered as 
affecting the celerity only. 

MOTRIX, something that has the power or faculty of 
moving. Sec Vis Motrix , and Motion. 

MOVEABLE, something susceptible of motion, or that 
is disposed to be moved. A sphere is the most moveable 
of all bodies, or is the easiest to be moved on a plane. A 
door is moveable on its binges; the magnetic needle on a 
pin or pivot, &c. Moveable is often used in contradistinc¬ 
tion to fixed or fixt. 

Moveable Feasts, are such as are not always held on 
the same day of the year or month ; though they may be 
on the same day of the week. Thus, Easter is a moveable 
feast; being always held on the Sunday which falls upon 
or next after the first full moon following the 21 st of 
March. See Philos. Trans. No. 240, pa. 1S5. All the other 
moveable feasts follow Easter, keeping their constant di¬ 
stance from it; so that they arc fixed with respect to this, 
though moveable through the course of the year. Such are 
Septuagcsima, Scxagesiraa, Ash-Wednesday, Ascension- 
Day, Pcntecpst, Trinity-Sunday, &cc. 

MOVEMENT, a term often used in the same sense with 
automaton. The most usual movements for keeping time 
arc clocks and watches: the latter arc such as show the 
parts of time by inspection, and arc portable in the pocket; 
the former such as publish it by sounds, and arc fixed as 
furniture. 

Movement, in its popular use, signifies all the inner 
works of a clock, watch, or other machine, that move, and 
by that motion carry on the design of the instrument The 


movement of a clock, or watch, is the inside; or that parr 
which measures the time, and strikes; exclusive ol the 
frame, c;ise, dial-plate, «N;c. 

The parts common to both of these movements are, the 
main-spring with its appurtenances, lying in ibe spring 
box, and in the middle of it lapping about the spring- 
arbor, to which one end of it is fastened. On the upper 
part of the spring-arbor is the endless screw, and its wheel; 
but in spring clocks this is a ratchet-wheel with its click* 
that stops it. That part which the main-spring diuws> 
and round which the chain or string is wrapped, is called 
the fusee, the proper curve for which is the hyperbola; in 
large works, going with weights* it is cylindrical, and is 
called the barrel. The small teeth at the bottom of the 
fusee or barrel, which stop it in winding up, is called the 
ratchet; and that which stops it when wound up, and is 
for that end driven up by the spring, the gardegut. The 
wheels are various : the parts of a wheel are, the hoop or 
rim; the teeth, the cross, and the collet, or piece of brass 
soldered on the arbor or spindle on which the wheel is 
riveted. The little wheels, playing in the teeth of the larger, 
are called pinions ; and their teeth, which are 4, 5, 6 , 8 , 
Sic, are called lcvcs; the ends of the spindle are called 
pivots; and the gulturcd wheel, with iron spikes at 
bottom, in which the line of common clocks runs, the 
pulley. 

Theory of Calculating the Numbers for Movemen rs. 

1 . It is first to be observed, that a wheel, divided by its 
pinion, shows how many turns the pinion lias to one turn 
of the wheel. 

2. That from the fusee to the balance the wheels drive 
the pinions, consequently the pinions run faster, or make 
more revolutions, than the wheel; but it is the contrary 
from the great wheel to the dial-w heel. 

3. That the wheels and pinions arc written down either 

as vulgar fractions, or in the way of division in common 
arithmetic: for example, a wheel of 6*0 teeth, moving a 
pinion of 5, is set down either thus 6 T °, 4 ) 3 g ( 9 

or thus 5)6*0, which is better. And the ——--—re¬ 
number of turns the pinion has in one ' y* £ 

turn of the wheel, ns a quotient, thus ' £ ~ 

5) 60 (12. A whole movement may _ V 

be written as annexed: where the up- 17 

perinost number expresses the pinion of report 4, the dial- 
wheel 36, and the turns of the pinion 9; the second, the 
pinion and great wheel; the third, the second wheel, &c; 
the fourth, the contrate wheel; and the last, 17, the crown¬ 
wheel. 

4. Hence, from the number of turns any pinion makes, 
in one turn of the wheel it works in, may bo determined 
the number of turns a wheel or pinion has at any greater 
distance, viz, by multiplying the quotients together; the 
product being the number of turns. Thus,, suppose the 
wheels and pinions as in the case above; the quotient 11 
multiplied by 9 , gives 99 , the number of turns in the 
second pinion 5 to one turn of the wheel 55, which runs 
concentrical, or on the same spindle, with the pinion 5 . 
Again, 99 multiplied by 8 , gives 792, the number of turns 
the last pinion has to one turn of the first wheel 5. Hence 
we proceed to find, not only the turns, but the number of 
beats of the balance, in the time of those turns. For, 
having found the number of turns the crown-wheel has in 
one turn of the wheel proposed, those turns multiplied 
by its notches, give half the number of beats in iliut one 

• L 2 - 



M O U 


W U L 


[ 7 <> ] 


turn of the wheel. Suppose, for example, the crown¬ 
wheel to have 720 turns, to one of the first wheel; this 
number multiplied by 15, the notches in the crown-wheel, 
produces 10800, half the number of strokes of the ba¬ 
lance in one turn of the first wheel of 80 teeth.—The 
general division of a movement is, into the clock, and 
watch parts. 

MOULDINGS, in Architecture, arc certain projections 
beyond the naked of a wall, column, wainscot, cVe, the as¬ 
semblage of which forms cornices, door-cases, ami oilier 
decorations of architecture. 

Mouldinos, arc annexed to great guns by way of or¬ 
nament, or perhaps in some parts for strength; and pro¬ 
bably are derived from the hoops or rings which bound the 
long iron bars together, anciently used in making cannon. 

MOUNTAIN, a considerable eminence of land, ele¬ 
vated above every thing around it. The name is also 
given to a chain of such masses; as when we speak of 
Mount Atlas in Africa; or Mount Caucasus, extending 
from Colchis to the Caspian Sea; or the Pyrenean 
Mountains, which separate France from Spain ; and the 
Apcnnine Mountains, traversing the whole of Italy. 

Naturalists reckon several kinds of mountains; and 
conjecture that they have not all the same origin, nor the 
same date. As, 1st, Those mountains which form u 
chain, and are covered with snow, are considered as pri¬ 
mitives or antediluvian. These greatly exceed other moun¬ 
tains in height; in general their elevation is very sudden, 
and their ascent very steep and difficult: their shape is 
pyramidical, crowned with sharp ami prominent rocks. 
No shells, or other organized marine bodies, arc found in 
the upper parts of these primitive mountains, except on 
the sides near the base. The stone of which they consist 
is an immense mass of quartz, which penetrates into the 
bowels of the earth in a direction almost vertical. Of this 
kind in Europe arc the Pyrenees, the Alps, the Apennines, 
those in Tyrol, in Silesia, in Carpathia, Saxony, Norway, 
&c. In Asia arc the Iliphean Mountains, Mounts Cau¬ 
casus, Taurus, and Libanus. In Africa, Atlas and the 
Mountains of the Moon; and in America the Apalachian 
Mountains, and the Andes or Cordilleras. Many of the 
latter have been the scats of volcanoes.—2d, Another 
kind of mountains are sucli os arc cither detached, or 
surrounded with groups of little hills, the crusUof which 
is gravelly and confusedly arranged together. These arc 
truncated, or have a wide mouth in the shape of a funnel 
in the summit, being composed of, or surrounded with 
heaps of colcincd and half vitrified bodies, lava, &c. 
These appear to have been formed by different strata 
thrown up into the air, on the eruptions of subterraneous 
fire : sych as the isles of Santorin, Monta-Nuovo, Etna, 
Adam's Peak in the island of Ceylon, the Peak of Tcnc- 
riffe, and many others, have been formed in this manner. 
“3d, Those mountains, whether arranged in a group or 
not, the earth or stone of which is disposed in strata, and 
of one or more colours and substances, urc supposed to 
be produced by the substances deposited slowly and gra¬ 
dually by the waters, or by soil gained at.the time of great 
floods. Though these mountains, formed by strata, some¬ 
times degenerate into little hills, and even become almost 
flat, they always consist of an immense collection of 
lossils of different kinds, in good preservation, and which 
are pretty easily detached from their beds. These fossils, 
consisting of marine shells, intermixed and confounded 
with heaps of organised bodies of other species, have an 


appearance of great disorder, by means of some extraordi¬ 
nary and violent currents. All these phenomena seem to ' 
prove that most of these mountains chiefly owe their origin 
to the sea, which once covered some parts of our conti¬ 
nents, now left dry by its retreat. 

Of those mountains which extend in a direction north 
and south, it has been observed that their west side is usu¬ 
ally much steeper than the east side; but, in such as ex¬ 
tend east and west, the south sides arc much steeper than 
the northern : that the Alps are steeper on their western 
and southern sides, than on the eastern and northern : that 
in America the Cordilleras arc steepest on the western side. 
And so in like manner, in all continents, as well as hills 
and islands, the west and southern sides arc commonly the 
steepest. 

Mountains, Attraction of. As attraction is found to 
be a general property of all matter, evincing itself univer¬ 
sally by the tendency of all bodies towards tbc centre of 
the globe; so particularly in hills, it is shown by their 
drawing the plumb-line aside from the perpendicular, 
sideways towards the hill, more or less according to its 
magnitude, density, and situation. And by the observed 
effect of these, compared with that of the whole earth, it 
has been deti rmined that the medium density of this 
whole globe of earth, is about 5 times that of common 
water. See the articles Attraction, Density, and 
Earth, also my Tracts, vol.2. 

Mountains, Height of The following is a list of the 
measured ultitodcs of the most remarkable mountains in 
most parts of the earth, in English feet. 

Chimborazo 1J)5J)5 Source of the Nile 8082 

Cayambourou 1 1 Monast. St. Bernard 79‘*4 


Antisana 19290 Pic dc ios Keyes 7020 

Pichinho 15670 Puy de Donunc 5088. 

Mont Blanc 15660 Mount Hccla 4SS7 

Monte Rosa 15084 Mount Vesuvius 3938 

Pic of Teneriffe 14026* Beji Laurs • 385ik 

Aiguille d’Argcnturc 13402 lien Moir • 3723 

Pic d'Ossano 11700 Snowdon 3555 

Mount /Etna 10954 Ben Gloc 3472 

City of Quito 9977 Schihnlleu 3461 

Pic du Mcdi 9300 Tabic Hill,Good I tope 3454 

Mount Cenis 9*^2 Ben Lomond 3180 

Canegou 8544 Tinto . 2342 

Gondar, in Abyssinia S440 Geneva Lake 4233 


Caspian Sea below the ocean 306 feet. 

MOYNEAU. See Moineau. 

MULLER (John), commonly called Regiomon¬ 
tanus, from Mons Regius, or Koningsbcrg, a town in 
Franconia, where he was bom in 1436, and he became, 
the greatest astronomer and mathematician of his time. 
Having first acquired grammatical learning in his own 
country, he was admitted, while yet a boy, into the aca¬ 
demy at Lcipsic, where he formed a strong attachment to 
the mathematical sciences, arithmetic, geometry, astro-, 
nomy, 5*c. But not finding proper assistance ill these 
studies at this place, he removed, when only 15 years of 
age, to Vienna* to study under the celebrated Purbnch, 
the professor there, who read lectures on those? sciences 
with the highest reputation. A strong and aflfeetjonato 
friendship soon took place between them;and our diithor 
made such rapid improvement in the sciences, that he was 
soon able to be assisting to his roaster, and to become a 
companion in all his labours. Jn this manner they spent 
about t^n years together; elucidating obscurities, observe 
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ing the motions of the heavenly bodies, and comparing ami 
correcting the tables of thefii; particularly those of Mars, 
which they found to disagree with the motions, sometimes 
as much as 2 degrees. 

About this time there arrived at Vienna the cardinal 
Bessarion, who came to negotiate some affairs for the 
pope; who, being a lover of astronomy, soon formed an 
acquaintance with Purbach and Regiomontanus. He bad 
begun to form a Latin version of Ptolemy's Almagest, or 
an epitome of it; but not having time to go on with it 
himself, he requested Purbach to complete the work, and 
for that purpose to return with him into Italy, to make 
himself master of the Greek tongue, which he was as yet 
unacquainted with. To these proposals Purbach only 
assented, on condition that Regiomontanus would accom¬ 
pany him, and share iu all the labours. They first how¬ 
ever, by means of an Arabic version of Ptolciny, made 
some progress in the work ; but this was soon interrupted 
by the death of Purbach, which happened in 1401, in the 
39th year of his age. The whole task then devolved on 
Regiomontanus, who finished the work, at the request of 
Purbach, made to him when on his death-bed. '1 his work 
our author afterwards revised and perfected at Rome, 
when be had learned the Greek language, and consulted 
the commentator Thcon, &c. . 

Regiomontanus accompanied the cardinal Bessarion in 
his return to Rome, being then near 30 years ot age. 
Here be applied himself diligently to the study of the 
Greek language; not neglecting however to make astro¬ 
nomical observations and compose various works in that 
science; as his Dialogue against the Theories of Cremo- 
uensis. The cardinal gc>ing to Greece soon after, Regio¬ 
montanus went to Ferrara, where he continued the study 
of the Greek language under Theodore Gaza; who ex¬ 
plained to him the text of Ptolemy, with the commentaries 
of Thcon; till at length he became so perfect in it, that 
he could compose verses, and read it like a critic.—In 
14f>3- he went to Padua, v where he became a member of 
the university; and, at the request of the students, ex¬ 
plained Alfraganus, an Arabian philosopher.—In 1464 
lie removed to Venice, to meet and attend his patron Bes¬ 
sarion. Here he wrote, with great accuracy, his Treatise 
on Triangles, and a Refutation of the Quadrature of the 
Circle, which cardinal Cusan pretended lie had demon¬ 
strated. The same year he returned with Bessarion to 
Rome; where he made some stay, to procure the most 
curious books : those which he could not purchase, he 
look the pains to transcribe, for he wrote with great fa¬ 
cility and elegance; and others he got copied at a great 
expense. For as he was certain that none of these books 
could be bad in Germany, he thought on his return 
thither, he would at his leisure translate and publish some 
of the best of them. During this time too he had a 
severe contest with George Trabczondc, whom he had 
greatly oJTended hy animadverting on some passages in his 
translation of Theon's Commentary. 

Being now weary of rambling about, and having pro¬ 
cured a great number of manuscripts, which was one 
great object of his travels, he returned to Vienna, and 
performed for some time the offices of his professorship, 
by reading of lectures 6c C. After being thus employed, 
be went to Budn, on the invitation of Matthias king of 
Hungary, who wa3 a great lover of letters and the sci¬ 
ences, qud had founded a rich and noble library there: 
tor he had bought up all the Greek hooka that could be 
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found on the sacking of Constantinople ; also those that 
were brought from Athens, or wherever else they could 
be met with through the whole Turkish dominions, col- 
lecting them all together into a library at Buda. But a 
war breaking out in this country, lie looked out for some 
other place to settle in, where he might pursue his studies, 
and for this purpose he retired to Nuremberg. He tells 
us, that the reasons which induced bun to desire to reside 
in this city the remainder of his life were, that the artists 
there were dextrous in fabricating bis astronomical ma¬ 
chines; and besides, he could from thence easily trans¬ 
mit his letters by the merchants into foreign coun- 
ries. Being now well versed in all parts of learning, and 
having made the utmost proficiency in mathematics, he 
determined to occupy himself in publishing the best of 
the ancient authors, as well as his own lucubrations. For 
this purpose -he set up a printing-bouse, and formed a 
nomenclature of the books lie intended to publish, which 
still remains. 

Here that excellent man, Bernard Walther, one of the 
principal citizens, who was well skilled' in the sciences, 
especially astronomy, cultivated an intimacy with Regio¬ 
montanus ; and as soon as he understood those laudable 
designs of his, he took upon himself the expense of con¬ 
structing the astronomical instruments, and of erecting a 
printing-house. And first he ordered astronomical rules 
to be made of tin, for observing'the altitudes of the sun, 
moon, and planets. He next constructed a rectangular, 
or astronomical radius, for taking the distance of those 
luminaries. Then an armillary astrolabe, such as was 
used by Ptolemy and Hipparchus, for observing the 
places and motions of the stars. Lastly, he made other 
smaller instruments, as the torquet, and Ptolemy's mete- 
oroscope, w ith some others which had more of curiosity 
than utility in them. From this apparatus it evidently 
appears, that Regiomontanus was a most diligent observer 
of the laws and motions of the celestial bodies, if there 
were not still stronger evidences of it in the accounts of 
the observations themselves which he made with them. 

With regard to the printing-house, which was the other 
part of his design in settling at Norcmberg, as soon as 
he had completed it, he put to press two works of his 
own, and two others. The latter were, The New Theories 
of his master Purbach, and the Astronomicon of Manilius. 
And his own were, the New Calendar, in which were 
given (as he says in the index of the books which he in¬ 
tended to publish) the true conjunctions and oppositions 
of the luminaries, their eclipses, their true places every 
day, &c. His other work was his Ephemerides, of which 
he thus speaks in the said index : 44 The Ephemerides, 
which is vulgarly called an Almanac, for 30 years: where 
you may every day see the true motion of all the planets, 
of the moon's nodes, with the aspects of the moon to the 
sun and planets, the eclipses of the luminaries; and in 
the fronts of the pages are marked the latitudes." He 
published also most acute commentaries on Ptolemy’s Al¬ 
magest ; a work which cardinal Bessarion so highly valued, 
that he scrupled not to esteem it worth a whole province. 
He prepared also new versions of Ptolemy’s Cosmography; 
and at bis leisure hours examined and explained works of 
another nature. He inquired how high the vapours are 
carried above fhe earth, which he fixed to be not more 
than 12 German miles. He set down observations of two 
come ts that appeared in the years 1471 and 1472. 

lu 147pope Sixtus the 4tl\ conceived a design of rc- 
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torn.mg, the calendar; and sent for Regiomontanus to 
Rome, iis rtic most proper and able person to accomplish 
bis purpose. Regiomontanus was very unwilling to inter¬ 
rupt the studies, and printing of books, be was engaged 
in at Norcntberg; but receiving great promises from the 
pope, who also for the present named him bishop of Ra- 
tisbon, be at length consented to go. lie arrived at Rome 
in 1475, Inn died there the year after, at only 40 years 
of age; not without a suspicion of having been poisoned 
by tlie sons of George Trabczonde, in revenge for the 
death of their father, wl.icli was said to have been caused 
by the grief he felt on account of the criticisms made 
by Regiomontanus on bis translation of Ptolemy's Alma- 
gest. 

Ptirbach first of any reduced the trigonometrical tables 
of sines, Irom the old sexagesimal division of the radius, 
to the decimal scale. He supposed the radius to be di¬ 
vided into 600,000 equal parts, and computed the sines 
of the arcs to every ten minutes, in such equal parts of 
the radius, by the decimal notation. This project of 
Purbach was perfected by Regiomontanus ; who not only 
extended the sines to every minute, the radius being 
600,000, as designed by Purbach, but afterwards, dis¬ 
liking that scheme, as evidently imperfect, he computed 
them likewise to the radius J ,000,000, for every minute of 
the quadrant. Regiomontanus also introduced the tan¬ 
gents into trigonometry, the canon of which he called 
frccundus, because of the many great advantages arising 
from them. Resides these things, he enriched trigono¬ 
metry with many theorems and precepts. Indeed, ex¬ 
cepting for the use of logarithms, the trigonometry of Re¬ 
giomontanus is but little inferior to what ours was, before 
the improvements made in it by Ruler. Ilis Treatise, on 
both Plane and Spherical Trigonometry, is in 5 books; 
it was written about the year 146'+, and printed in lolio 
at Nuremberg in 1533. In the 5th book are various pro¬ 
blems concerning rectilinear triangles, some of which arc 
resolved by means of algebra: a proof that this science 
was not wholly unknown in Europe before the treatise of 
Lucas Dc Burgo. 

Regiomontanus was author of some other works be¬ 
sides those already mentioned. Peter Ramus, in the ac¬ 
count he gives of the admirable works attempted and per¬ 
formed by Regiomontanus, tells us, that in his workshop 
at Norcmbcrg there was un automaton in perpetual mo¬ 
tion : that he mude an artificial Hy which, taking its flight 
from his hand, would fly round the room, and at last, ns 
if wtary, would return to his master again: that he fa¬ 
bricated an eagle, which, on the emperors approach to 
the city, lie sent out, high in the air, a great way to meet 
him, and that it kept him company to the gates of the 
city. Let us no more wonder, adds Ramus, at the dove 
of Archytas, since Nortmberg can show a fly, and an 
eagle, armed with geometrical wings. Nor arc those 
famous artificers, who were formerly in Greece and 
Egypt, any longer of such account, since Noremberg can 
boast of her Regiomontunuscs. For Wcmerus first, aud 
then the Schoneri, father and son, afterwards, revived 
the spirit of Regiomontanus. 

MULTANGULAR Figure, is one that has many an¬ 
gles, and consequently many sides also. These are other- 
wise called polygons. 

MULTILATLRAL' Figures, arc such as have many 
sides, or more than four sides. 

MULTINOMIAL, or Multinomial Roots , are such 
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as are composed of many names, parts, or members ; as, 
a + b + c d &c.—For the raising an infinite multi¬ 
nomial to any power, or extracting any root out of such 
power, see a method l>y M. Demoivre, in the Philos. 
Tram. No. 230. Sec also Polynomial. 

MULTIPLE, Multiplex, a number which compre¬ 
hends some other number several times. Thus, 6 is a mul¬ 
tiple of 2, this being contained in 6 just 3 times. Also 
12 is a common multiple of 6, 4, and 3; comprehending 
the first twice, second thrice, and the third four times. 

Multiple Ratio or Proportion , is that which is between 
multiple numbers &c. If the less term of a ratio be an 
aliquot part of the greater, the ratio of the greater to the 
less is called multiple; and that of the less to the greater 
submultiple.—A submultiple number, is that which is 
contained in the multiple. Thus, the numbers 2, 3, and 
4 arc submultiples of 12 and 24.—Duple, triple, &c ra¬ 
tios; as also subduplcs, subtripled, &c, arc so many 
species of multiple and submultiple ratios. 

Multiple Superparticular Proportion , is when one 
number or quantity contains another moic than once, and 
a certain aliquot part; as 10 to 3, or 3* to 1. 

Multiple Superpartient Proportion^ is when one num¬ 
ber or quantity contains another several times, and some 
parts besides; as 29 to O’, or to 1. 

MULTIPLICAND, is one of tlie two factors in the 
rule of multiplication, being that number given to be 
multiplied by the other, called the multiplicator, or mul¬ 
tiplier. 

MULTIPLIC/VI ION, is, in general, the taking or re¬ 
peating of one number or quantity, called the multiplicand, 
as often ns there are units in another number, called tho 
multiplier; ami the number or quantity resulting from 
the multiplication, is called the product of the. two fore¬ 
going numbers or factors.—Multiplication is a compen¬ 
dious addition ; performing at once, what in the usual way 
of addition would require many operations; for the mul¬ 
tiplicand is only added to itself, or repeated, as often as 
is expressed by the units in the multiplier. Thus, if 6 
were to be multiplied by 5, the product is 30, which is 
the sum arising from the addition of the number 6 five 
times to itself.—In every multiplication, 1 is in propor¬ 
tion to the multiplier, as the multiplicand is to the pro¬ 
duct. i 

Multiplication is of various kinds, in whole numbers, in 
fractions, decimals, algebra, &c. 

1. Multiplication of Whole Numbers, is performed 
by the following rules: When the multiplier consists of 
only one figure, set it under the first, or right-hand figure, 
of the multiplicand ; then, drawing a line under it, begin 
at the said first figure, and multiply every figure of tho 
multiplicand by the multiplier; setting down the several 
products below the line, proceeding orderly from right to 
left. But if any of these products amount to 10, or several 
10’s, either with or without some overplus, then set down 
only the overplus, or set down 0 if there be none; and 
carry, to the next product, as many units as the former 
contained of tens. Thus, to multiply 35092 by 4. 
Multiplicand 35092 

Multiplier 4 

Product l4036i3^^K^p;*i 

When the multiplier consists of several figures, multiply 
the multiplicand by each figure of it, as before, and place 
the several lines of products below each other in such or¬ 
der, that the first figure of each line may fall straight up- 
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der its respective multiplier, or multiplying figure ; then 
add these several lines of products together, as they stand, 
and the sum of them all will be the product of the whole 
multiplication. Thus, to multiply 63017 by 236 : 


Multiplicand - - 63017 

Multiplier - - 236 

Product of 63017 by 6 378102 

Product of 63017 by $0 1S9051 

Product of 63017 by 200 126034 

Whole product 14872012 


The several lines of products may be set down in any 
order, or any of them first, and any other of them second, 
&c; for the order of placing them can make no difference 
in the sum total. .There are many abbreviations, and pe¬ 
culiar cases, according to circumstances, which may be 
seen in most books of arithmetic. The mark or character 
now used for multiplication, is either the x cross, or a 
single point . ; the former being introduced by Oughtred, 
and the latter I think by Leibnitz. 

To Prove Multiplication. This may be doue va¬ 
rious ways; either by dividing the product by the multi¬ 
plier, then the quotient will be equal to the multiplicand; 
or divide the same product by the multiplicand, and the 
quotient will come out equal to the multiplier : or in ge¬ 
neral divide the product by either of the two factors, and 
the quotient will be equal to the other factor, when the 
operations arc all right. But the more usual, and com¬ 
pendious way of proving multiplication, is by what is 
called the cross, by casting out the nines; which is performed 
thus: Add the figures of the multiplicand all together, 
and as often as the sum amounts to 9, reject it, and set 
down the last overplus as in the margin; 
this in the foregoing example is 8. Then 
do the same by the multiplier, setting 
down the last overplus, which is 2, on the 
right of the former remainder 8. Next 
multiply these two remainders, 2 and 8, 
together, and from their product 16, cast 
out the 9, and there remains 7, which set down over the 
two former. Lastly, add up, in the same manner, all the 
figures of the whole product of the multiplication, viz 
14872012, casting out the 9*s, and then there remains 7, 
to beset down under the two first remainders. Thus when 
the figure at top, is the same as that at bottom, as they 
arc here both 7's, the work it may be presumed is right; 
but if these two figures should not be the same, it is cer¬ 
tainly wrong. 1 

The above method of proving multiplication depends 
on a particular property of the number 9 • which is this. 
If the sum of the digits of any number be divisible by 9, 
the number itself is also divisible by 9 # and consequently 
the sum of the digits of any number being divided by 9, 
leaves the same remainder as the number itself when di¬ 
vided by 9* Another method is derived from a peculiar 
property of the number 11, which is this. Whcu a num¬ 
ber is divisible by 11, the sum of the 1st, 3d, &c, digits, 
is equal to the sum of the 2d, 4th, &c, digits, or the one 
exceeds the other by some exact multiple of 11. Con¬ 
sequently any number whatever when divided by 11, will 
leave the same remainder as the difference of the two sums 
when divided by that number; observing always to sub¬ 
tract the latter sum from the former, or from the former 
plus some multiple of 11, when the sum of the digits in the 
2 d, 4th, &c, places is the greatest. Whence the following 


rule. Cast all the 1 1 *s out of the sums of the digits, both 
in the even and odd places of the multiplicand, and sub¬ 
tract the former remainder from the latter, or from the 
latter plus 11, and reserve the difference; do exactly the 
same with the multiplier and product. Multiply the two 
first differences together, and cast all the 1 l's out of the re¬ 
sult, so shall this last remainder be the same as that be¬ 
fore found in the product, if the work be right. Thus in 
the above example: 


Sum of odd *) 
digits } 

Sum of even ’ 
digits 

Multiplier. 

13 

\ * 

Multiplier 

8 

3 

Product 

13 

12 

1 

9 5 

Differences 

9 

5 

i 

1 


And the product 9 x 5 -7- 11, leaving the remainder 1, 
which being the same as the remainder of the product, 
indicates that the work is right. 

2. To Multiply Money , or any other thing , consisting of 
different Denominations together , by any number , usually 
called Compound Multiplication . Begin at the lowest de¬ 
nomination, and multiply the number of each name sepa¬ 
rately by the multiplier, setting down the products below 
them. But if any of these products amount to as much 
as i or more of the next higher denominations, carry so 
many to the next product, and set down only the overplus. 

If the multiplier exceeds 12, then resolve it into its 
factors, if it be a compound number; and multiply suc¬ 
cessively by those factors ; but if the given multiplier be 
not a compound number, then resolve the next greater or 
less compound number into its factors, and multiply with 
those factors as above; and from the result deduct, or add, 
so many times the multiplicand, as this last compounded 
number is greater or less than the given multiplier. Also 
if there arc fractional parts in the given multiplier, take 
such parts of the multiplicand as these are of a unit, which 
added to the product will give the answer sought; as will 
appear in the following examples. 

Ex. 1 . Multiply 1 /. 10/. 4 \d. Multiply 1 L 13/. 8 d. by 39{ 

by _9 99i=4 x 7 + 1 + J_4 


La 4 

11 4} 

4 = 

6 

14 

8 

7 

Ex. 2. Multiply 

19i. 7 \(L by 94 

98 * 

*r 

9 

8 

21 = 6 x 4 

4 

1 =» 

1 

13 

8 

a 

10 6 
* 

4 = 

0 

16 

10 


09 } = 1.49 13 0 


L.\s a o ' 

3. To Multiply Vulgar Fractions .—Multiply all the given 
numerators together for the numerator, and all the denomi¬ 
nators together for the denominator of the product sought. 

Thus, \ multiplied by 4, or f x 4 = T # y . 

'And 4 * i x ? = -rrr- • 

And here it may be noted, that, when there arc any 
common numbers in the numerators and denominators, 
these may be omitted in both, which will make the opera¬ 
tion shorter, and bring out the whole product in a fraction 
much simpler or in lower terms. Thus, 

4 * i * b bccomc H“i ~ si 0r 7 T' b y having out the 
two 3's. 

Also, when any numerators and denominators will both 
abbreviate or divide by one and the same number, let them 
be divided, and the quotients used instead of them. So, 
in the ahove example, after omitting the two 3’s, let the 2 


7 

8 2 
7 
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2-305 

21 - 86 * 

13S30 
18440 
2305 
4610 _ 

5038730 


ahd 6 be both divided by 2, and use the quotients 1 and 3 
instead ol them, so shall the expression become 

2 * s s . , 

- = —, as before. 

4 X «i 1 J 

4. To Multiply Decimals .— Multiply the given numbers 
together the same as it they were whole 
numbers, and point ofl us many decimals 
in the whole product ns there are in both 
factors ; as in the annexed example, where 
the number of decimals is five* because 
there aic three in the multiplicand, and 
two in the multiplier. — When it happens 
that there are not so many figures in the 
product as are equal to the number of de¬ 
cimals in both factors, then prefix iu> many ciphers as 
will supply the defect. 

5. Cross Multiplication, otherwise called Duodeci¬ 
mal Arithmetic , is the multiplying of numbers together 
whose subdivisions proceed by IC’s ; as feet, inches, and 
parts, that is 12th-parts, &c ; a rule of frequent use in 
squaring, or multiplying together the dimensions of the 
works of bricklayers, carpenters, and other 
artificers. For Example . To multiply 5 feet 

3 inches by 2 feet 4 inches. Set them down 
as in tlie margin, and multiply all the parts of 
the multiplicand by each j>ai t of the multi¬ 
plier; thus, 2 times 3 make 6 inches; and 2 
times 5 make 10 feet; then 4 times 3 make 


5 f * 

2 


10 

1 


3 ln. 

6* 

9 


12 3 


12 parts, or 1 inch to carry ; and 4 times 5 make 20, and 
1 to carry makes 21 inches,or 1 f. 9 inc. to set down below 
the former line: Lastly adding the two lines together, the 
whole sum or product amounts to 12 f. 3 inch.—Sec Duo¬ 
decimals. 

6. Multiplication in Algebra. This is performed, 
1. When the quantities arc simple, by only joining the 
letters together like a word ; and if the simple quantities 
have any coefficients or numbers joined with them, mul¬ 
tiply the numbers together,and prefix the product of them 
to the letters so joined together. But, in algebra, wc have 
not only to attend to the quantities themselves, but also 
to the signs of them ; and the general rule for the signs is 
this : When the signs arc alike, or the same, either both 
H- or both —, then the sign of the product will always be 
4- ; but when the signs are different, or unlike, the one 
+ , and the other —, then the sign of the product will be 
— • licncc these 

Examples. 

— 2a -4- 6x — 8x — 3 ab 

— 4 b — 3 a -4- 5a — Sac 


Mult. 

By 

Product* 


a 

b 


a b ■+■ 8 ub — 18or — 40 ax •+- 15 a x bc 


2. In compound quantities, multiply every term or part 
of the multiplicand by each term separately of the multi¬ 
plier, and set down nil the products with their signs, Col¬ 
lecting always into one sum as many terms as arc similar 
or like to one another. And it is usual in algebra, to be¬ 
gin to multiply on the left hand, and thence proceed to¬ 
wards the right; being directly contrary to the method in 
multiplication of numbers. 

Examples. 


a 

-4- b 

a — 6 

0-4-6 

a 

-4- 6 

o—6 

a — 6 

a x 

-t- a b 

a x — ab 

u x - 4 - ab 


-4- ab -4- b 1 

— 06 -4- 6 * 

— ab 

a % 

-+■ 2 ab -t* b l 

a % - 2ab b x 

a* * 


- b* 


2 a —3b 2 a 4x a x — at 

4 a ■+■ 5b 2 a — 4x 2a •+• 2x . 

8 a* — 12 ab 4a x -+- 8 ux 2or — 2«*x 

-+. 10 ub — 1 5b* — Sax — l6x* _ 2a a x — 2ax' 

8a' — 2 ~ab — 156 1 4«* ♦ — 16V 2a 3 • — 2ar x 

3. In surd quantities, if the terms can be reduced to a 
common surd, the quantities under each may be multi¬ 
plied together, and the mark of the same surd prefixed to 
the product; but if not, then the different surds may be 
set down with the mark of multiplication between them* 
to denote their product. 

Ex A MTLES. 

7 s/ax s/7 i/7 ab v' 1 2a 6a*/2cx 

5 s/cx s/5 \/\ac s/ 3a _ 26 v /3ax _ 

3 5s/acr 7 s/35 '{/28a x bc ^/3tia* = 6 a \ 2 aby/ 6 ncx * 

4. Powers or roots of the same quantity are multiplied 
together, by adding their exponents. 

Thus, « x x a 1 = a 5 ; and (a x)* x (a -t- x) f = (a -*• x) 5 : 

also x* x xi = x *; and a$ x a\ = a* or a. 

To Multiply Numbers together by Logarithms .-—This is 
performed by adding together the logarithms of the given 
numbers, and taking the number answering to that sum, 
which will be the product sought. 

Descartes, at the beginning of his Geometry, performs 
multiplication (and indeed all the other common arithme* 
tical rules) in geometry, or by lines; but this is no more 
than taking a 4th proportional to three given lines, of 
which the first represents unity, and the 2d and 3d the two 
factors or terms to be multiplied, the product being ex¬ 
pressed by the 4th proportional; because, in every multi¬ 
plication, unity or 1 is to either of the two factors, as the 
other factor is to the product. 

MULTIPLIER, or Multiplicatoh, is the number or 
quantity which muUiplicsanolher,culled the multiplicand, 
in any operation of multiplication. 

MUNSTER (Sebastian), an eminent German divine 
and mathematician, was born at Ingelhcim in 1489. At 
the age of 14 he was sent to Heidelberg to study. Two 
years after, he entered the convent of the Cordeliers; where 
he assiduously studied divinity, mathematics, and geogra¬ 
phy. lie was the first who published a Chaldee Grammar 
and Lexicon; and he shortly after produced a Talmudic 
Dictionary. He afterwards became professor of the He¬ 
brew languuge at Basil. He was one of the first who at¬ 
tached himself to Luther, and embraced Protestantism : 
yet behaved himself with greut moderation ; never con¬ 
cerning himself with their disputes ; but shut himself up 
at home and pursued his favourite studies, which were 
mathematics, natural philosophy, with the Hebrew and 
other Oriental languages. He published a great number 
of books on these subjects; particularly, a Latin version, 
from the Hebrew, of all the books of the Old Testament, 
with learned notes, printed at Basil in 1534 and 1546; 
Josephus’s History of the Jews in Latin ; a Treatise of 
Dialling, in folio, 1536; Universal Cosmography, in 6 
books folio, Basil 1550. For these works he wus styled 
the German Strabo ; as he was the Germun Esdrus, for his 
Oriental writings. 

Munster was a meek, pacific, studious, retired man, 
who wrote a great number of books, but never meddled in 
controversy.—He died of the plague at Basil, in 155$, at 
63 years oi age. 

MURALe^frcA,or Instrument, or Quath-anl, is one that 
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is fixed against a wall or pillar, such as is employed in 
fixed observatories. 

MURDERERS, a small species of ordnance once used 
on shipboard; but now out of use. 

MUSIC, the science of sound, considered as capable oi 
producing melody, or harmony. Among the ancients, 
music was taken in a much more extensive sense than 
among the moderns: what we call the science of music, 
was by the ancients rather called Harmonica. 

Music is one of the seven sciences called liberal* and 
comprehended also among the mathematical sciences, as 
having for its object discrete quantity or number; not 
however considering it in the abstract, like arithmetic ; 
but in relation to lime and sound, with intent to consti¬ 
tute a delightful melody. 

This science is also Theoretical and Practical. I beo- 
rctical, which examines the nature and properties of con¬ 
cords and discords, explaining the proportions between 
them by numbers. And Practical, which teaches not 
only composition, or the manner of composing tunes, or 
airs ; but also the art of singing with the voice, and play¬ 
ing on musical instruments. * 

It appears that music was one of the most ancient of the 
arts; and, of all others, vocal music must doubtless have 
been the first kind. For man had not only the various 
tones of his own voice to make his observations on, before 
any other art or instrument was invented, but had the 
various natural strains of birds to give him occasion to 
improve his own voice, and the modulations of sounds it 
was capable of. The first invention of wind instruments 
Lucretius ascribes to the observation of the winds whis¬ 
tling in the hollow reeds. As for other kinds of instru¬ 
ments, there*were so many occasions for cords or strings, 
that men could not be long in observing their various 
sounds; which might give rise to stringed instruments. 
And for the pulsativc instruments, as drums and cymbals, 
they might arise from the observation of the naturally hol¬ 
low noise of concave bodies. 

As to the inventors and improvers of music, Plutarch, 
in one place, ascribes the first invention of it to Apollo ; 
and in another place to Amphion, the son of Jupiter and 
Antiope. The latter indeed, it is generally allowed, first 
brought music into Greece, and invented the lyre. 1 o him 
succeeded Chiron, the demigod; then Dcmodocus; Hermes 
Trismegibtus; Olympus; and Orpheus, whom some make 
the first introducer of music into Greece, and the inventor 
of the lyre: to whqm they add Phemitis, Thales, and 
Thamgris, who, it lias been said, was the first inventor of 
instrumental music without singing. 

These were the eminent musicians before Homer's time: 
others of a later datcXvcre, Tcrpander, who was contem¬ 
porary with Lycurgus, and set his laws to music; to 
whom also sonic attribute the first institution of musical 
modes, and the invention of the lyre: also, Lasus Hcr- 
mionensis, Mclanippidcs, Philoxcnus, Timotheus, Phryn- 
nis, Epigonius, Lysandcr, Simmicys, and Diodorus ; who 
were all of them considerable improvers of music. Lasus, 
it is said, was the first author who wrote upon music, in 
the time of Darius Hystasuis; Epigonius invented an in¬ 
strument of 40 strings, called the Epigonium.. Simmicus 
also invented an instrument of 35 strings, called a Simmi- 
ciura ; Diodorus improved the tibia, by adding new holes; 
and Timotheus the lyre, by adding a new string; for 
which he was fined by the Lacedemonians. 

As the accounts we have of the inventors of musical in- 
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struments among the ancients are very obscure, so also are 
the accounts of those instruments themselves; of most of 
them indeed we know little more than the bare names. 
The general division of instruments is, into stringed in¬ 
struments, wind instruments, and those of the pulsatile 
kind. Of stringed instruments, mention is made ot the 
lyra or citliara, the psaltcrium, trigonuin, sainbuca, pectis, 
magas, barbiton, testudo, epigonium, simmicium, and pan- 
deron; which were all struck with the hand, or a plec¬ 
trum. Of wind instruments, were the tibia, fistula, hy¬ 
draulic organs, tuba?, cornua, and lituus. And the pul¬ 
satile instruments were the tympanum, cymbalum, crep- 
taculum, tintinnabulum, crotalum, and sistrum. 

Music has ever been in the highest esteem in all ages, 
and among all people; nor could authors express their 
opinion of it strongly enough, but by inculcating that it 
was used in heaven, and as one of the principal entertain¬ 
ments of the gods, and the souls of the blessed. The 
effects ascribed to it by the ancients are almost miracu¬ 
lous: by its incans, it has been said, diseases have been 
cured, unchastity corrected, seditions quelled, passions 
raised and calmed, and even madness occasioned. Atlic- 
na?us assures us, that anciently all laws, divine and civil, 
exhortations to virtue, the know ledge of divine and human 
things, with the lives and actions of illustrious men, were 
written in verse, and publicly sung by a chorus to the 
sound of instruments; which was found the most effectual 
means to impress morality on the minds of men, and a 
right sense of their duty. 

Dr. Wallis has endeavoured to account for the sur¬ 
prising effects attributed to the ancient music ; and ascribes 
them chiefly to the novelty of the art, and the hyperboles 
of the ancient writings: nor docs he doubt, but the mo¬ 
dern music, in like cases, would produce effects at least as 
considerable as the ancient. The truth is, wc can match 
most of the ancient stories of this kind in the modem his¬ 
tories. If Timotheus could excite Alexander's fury with 
the Phrygian mode, and soothe him into indolence with 
the Lydian ; a more modern musician lias driven Eric, 
king of Denmark, into such a rage, as to kill his best ser¬ 
vants. Dr. Niewentyt speaks of an Italian who, by vary¬ 
ing his music from brisk to solemn, and the contrary, 
could so move the soul, as to cause distraction and mad¬ 
ness; and Dr. South has founded his poem, called Mu- 
sica Incantans, on an instance he knew of the same kind. 

Music however is found not only to exert its force on 
the affections, but on the parts of the body also : witness 
the Gascon knight, mentioned by Mr. Hoyle, who could 
not contain his water at the playing of a bagpipe; and 
the woman, mentioned by the same author, who would 
burst into tears at the hearing of a certain tune, with 
which other people were but a little affected. To say 
nothing of the trite story of the Tarantula, we lmvo an in¬ 
stance, in the History of the Academy of Sciences, of a 
musician being cured of a violent fever* by a little concert 
occasionally played in his room. 

Nor are our minds and bodies alone affected with sounds, 
but even inanimate bodies arc so. Kirchcr speaks of a 
large stone, that would tremble at the sound of one par¬ 
ticular organ pipe; and Morhoff mentions one Pettcr, a 
Dutchman, who could break rummer-glasses with the tone 
of bis voice. Mcrscnno also mentions a particular part 
of a pavement, that would shake and tremble, as if the 
earth would open, when the organs played. Mr. Boyle 
adds, that seats will tremble at the sound of organs; that 
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he has felt his hat do so under his hand, at certain notes 
both of organs and discourse; and that he was well in¬ 
formed every well-built vault would thus answer to some 
determinate note. 

It has been disputed among the learned, whether the 
ancients or moderns best understood and practised music. 
Some maintain that the ancient art of music, by which 
such wonderful effects were performed, is quite lost ; and 
others, that the true science of harmony is now arrived at 
much greater perfection than was known or practised 
among the ancients. This point seems no other way to 
be determinable but by comparing the principles and prac¬ 
tice of the one with those of the other. As to the theory 
or principles of harmonics, it is certain we understand it 
better than the ancients; because wc know all that they 
knew, and have improved considerably on their founda¬ 
tions. The great dispute then lies on the practice ; with 
regard to which it may be observed, that among the an¬ 
cients, music, in the most limited sense of the word, in¬ 
cluded harmony, rythmus, and verse; and consisted of 
verses sung by one or more voices alternately, or in choirs, 
sometimes with the sound of instruments, and sometimes 
by voices only. Their musical faculties, wc have just ob¬ 
served, were melopoeia, rythmopcoia, and poesis; the first 
of which may be considered under two heads; melody and 
symphony. As to the latter, it seems to contain nothing 
but what relates to the conduct of a single voice, or ma¬ 
king what wc call melody. It does not appear that the an¬ 
cients ever thought of the concert, or harmony of parts; 
which Is a modern invention, for which we arc beholden 
to Guido Aretine, a Benedictine friar. 

Not that the ancients never joined more voices or in¬ 
struments than one in the same symphony ; but that they 
never joined several voices so as that each had a distinct 
and proper melody, which made among them a succession 
of various concords, and were not in every note unisons, 
or at the same distance from each other as octaves. This 
last indeed agrees to the general definition of the word 
symphonia; yet it is plain that in such cases there is but 
one song, and all the voices perform the same individual 
melody. But when the parts differ, not by the tension of the 
whole, but by the different relations of the successive 
notes, this is the modern art, which requires so peculiar a 
genius, and on which account the modern music seems to 
have much the advantage of the ancient. For further sa¬ 
tisfaction on this head, see Kircher, Perrault, Wallis, Mal¬ 
colm, Ccrccau, and others; who unanimously agree, that 
alter all the pains they have taken to know the true state 
of the music of the ancients, they could not find the least 
reason to think there was any such thing in their days as 
music in parts. ' . 

The ancient musical notes arc very mysterious and per¬ 
plexed : Boethius and Gregory the Great first put them 
into a more easy and obvious method. In the year 1204, 
Guido Aretine,a Benedictine of Arezzo in Tuscany, first 
introduced the use of a staff with five lines, on which, 
with the spaces, he marked his notes by setting n point up 
and down upon them, to denote the rise and fall of the 
voice: though Kircher says this artifice was in use before 
Guido's timo% 

Another contrivance of Guido’s was to apply the six 
syllables, ut 9 re, mi 9 fa 9 sol, la, which he took out of the 
Latin hymn, 

U T queant laxis REsonarc fibris 

Mira gestorura FAniuli tuorum, 


SOLvc polluti LAbii realurn, 

O Pater Alme. 

Wc find another application of them in the following lines. 

UT RElcvet Mlserum FAtum, SOLitosquc LAborc* 

Acvi, sit dulcis musica nostcr amor. 

Besides his notes of music, by which, according to Kir¬ 
cher, he distinguished the tones, or modes, and the scat* 
of the semitones, he also invented the scale, and several 
musical instruments, called polyplectra, as spinets and 
harpsichords. 

The next considerable improvement was in 1330, when 
Joannes Muria, or de Muris, doctor at Paris (or as Bayle 
and Gesncr make him, an Englishman), invented the dif¬ 
ferent figures of" notes, which express the times or length 
of every note, at least their true relative proportions 
to one another, now called longs, breves, semi-breves, 
crotchets, quavers, &c. * 

The most ancient writer on music was Lasus Hermio- 
nensis; but his works, as well as those of many others* 
both Greek and Roman, arc lost. Aristoxenus, disciple 
of Aristotle, is the earliest author extant on the subject: 
after whom catne Euclid, author of the Elements of Geo-* 
metry ; and Aristides Quintilianus wrote after Cicero’s 
time. Alypius stands next; after him Gaudentius the 
philosopher, ami Nicomachus the Pythagorean, and Bac-* 
chins. Of which seven Greek authors we have a fuir 
copy, with a translation ami notes, by Meibomius. Pto¬ 
lemy, the celebrated astronomer, wrote in Greek on the 
principles of harmonics, about the time of the emperor 
Antoninus Pius. This author keeps a medium bcjwcon 
the Pythagoreans and Aristoxenians. He was succeeded 
at a considerable distance by Manuel Uryennius., 

Of the Latins, wc have Boetius, wbo wrote in the time 
of Thoodoric the Goth ; and one Cassiodorus, about the 
same time ; Martianus, anil St. Augustine, not far remote. 
And of the moderns are Zarlin, Salinas, Vincenzo Galileo, 
Doni, Kircher, Mcrscnne, Paran, De Caux, Perrault* 
Descartes, Wallis, Holder, Malcolm, Rousseau, &c. 

Musical Numbers , are the numbers 2, 3, and 5, toge¬ 
ther with their composites. They are so called, because 
all thcintervals of music may be expressed by such numi 
bers. This is now generally admitted by musical theorists. 
Mr. Euler seems to suppose, that 7 or other primes might be 
introduced ; but he speaks of this as a doubtful and diflw 
cult matter. Here 2 corresponds to the octave* 3 to the 
fifth, or rather to the 12th, and 5 to the third major, or 
rather the seventeenth- From these three may all other 
intervals be found. 

Musical Proportion, or HArmonical Proportion, is 
whon, of four terms, the first is to the 4th, as the differ¬ 
ence of the 1st and 2d is to the difference of the 3d and 
4th : as 2, 3* 4, and 8 are in musical proportion* because 
2 : 8 : : 1 : 4. And hence, if there be only three terms, 
the middlo term supplying the place of both the 2d anil 
3d, the 1st is to the 3d, as the difference of the 1st and 
2d, is to the difference of the 2d und 3d : as in theses, 3, 
6; where 2 2 6 ; : 1 : 3. Sec Harmoxical Proportion. 

JMUSSCHENBROEK' (Peter), a very distinguished 
natural philosopher and mathematician, was bom at 
Utrecht about the year 170Q. He was first professor of 
these sciences in his own university, and was afterward* . 
invited to the chair at Leyden, which he filled with repu¬ 
tation and honour till his death, which happened in|170’l. 
He was a member of several academics, particularly the 
Academy of Sciences at Paris. lie published several 
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works in Latin, all of them displaying his great penetration 
and accuracy. As, 

1. His Elements of Physico-Mathcmatics, in 1726. 

2. Elements of Physics, in 1736. 

3. Institutions of Physics; containing an abridgment 
of the new discoveries, made by the moderns; in 1748. 

4. Introduction to Natural Philosophy ; which he be¬ 
gan to print in 1760; and which was completed and pub¬ 
lished at Leyden, in 1762, by M. Lulofs, after the death 
of the author. It was translated into French by M. 
Sigaud Delafond, and published at Paris in 1769, in 3 vols. 
4to ; under the title of A Course of Experimental and 
Mathematical Physics. 


He had also several papers, chiefly on meteorology, 
printed in the volumes of Memoirs of the Academy of 
Sciences, viz, in those of the years 1734, 1735, 1736, 1753, 
1756, and 1760. 

MUTULL, a kind of square modillion in the Doric 
frizc. 

MYOPS, one who is near-sighted, or purblind, from 
whatever cause it may happen ; either from too great a 
convexity of the cornea, or from too great length of the 
bulb, 6c c, causing the adunation of the rays of light in 
a focus before the retina. 

MYRIAD, the number of 10,000, or ten thousand. 
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~VT"ABONASSAR, first king of the Chaldeans or Baby- 
lonians; memorable for the Jewish era which bears 
his name, which began on Wednesday February 26th in 
the 3967th year of the Julian period, or 747 years before 
Christ; the years of this epoch being Egyptian ones, of 
365 days each. .This is a remarkable era in chronology, 
because Ptolemy assures us there were astronomical ob- 
servatfons made by the Chaldeans from Nabonassar to his 
time; also Ptolemy, and the other astronomers, account 
their years from that epoch. 

The Babylonians having revolted from the Mcdcs, who 
had overthrown the Assyrian monarchy, did, under Na- 
bpnassar, found a dominion, which was much increased 
under Nebuchadnezzar. It is probable this Nabonassar 
is that Baladan in the 2d Book of Kings, xx, 12, father 
of Mcrodach, who sent ambassadors to Hczckiah. See 
2 Chron. xxii. 

NADIR, that point of the heavens diametrically under 
our feet, or opposite to the zenith, which is directly over 
our heads. The zenith or nadir arc the two poles of the 
horizon, each being 90 Q distant from it. 

The Sun's Nadir, is the axis of the cone projected 
by the shadow of the earth : so called, because that axis 
being prolonged, gives a point in the ecliptic diametrically 
opposite to the sun. 

NAKED, in Architecture, as the Naked of a Wall, &c. 
is the surface, or plane, from whence the projectures 
arise; or which serves as a ground to the projectures. 

NAPIER or Neper (John), baron of Merchiston in 
Scotland, the inventor of logarithms, was (he eldest son 
of sir Archibald Napier of Merchiston, and born in the 
year 1550. Having given early indications of great natural 
parts, his father was careful to have them cultivated by a 
liberal education. After going through the ordinary 
course of studies at the university of St. Andrews, he 
made the tour of France, Italy, and Germany. O11 his 
return to his native country/ his literature and other 
line accomplishments soon rendered him conspicuous; he 
however retired from the world to pursue literary re¬ 
searches, in which he made an uncommon progress, as 
appears by the several useful discoveries with which he 
afterwards favoured mankind. He chiefly applied him¬ 
self to the study of mathematics; without however ne¬ 
glecting that of the Scriptures; in both of which he dis- 
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covered the most extensive knowledge and profound pene¬ 
tration. Ilis Essay on the Book of the Apocalypse indi¬ 
cates the most acute investigation; though time hath 
discovered that his calculations concerning particular 
events had proceeded on fallacious data. But what has 
chiefly rendered his name famous, was his great and for¬ 
tunate discovery of logarithms in trigonometry, by which 
the case and expedition in calculation have so wonderfully 
assisted the science of astronomy and the arts of practical 
geometry and navigation. Napier, having a great attach¬ 
ment to astronomy and spherical trigonometry, had oc¬ 
casion to make many numeral calculations of such tri¬ 
angles, with sines, tangents, &c ; and these being ex¬ 
pressed in large numbers, they hence occasioned a great 
deal of labour and trouble : to spare themselves part of 
this labour, Napier, and other authors about his time, set 
themselves to find out certain short modes of calculation, 
as is evident from many of their writings. To this neces¬ 
sity, and these endeavours it is, that we owe several inge¬ 
nious contrivances ; particularly the computation by Na¬ 
pier’s Rods, and several other curious and short methods 
that arc given in his Rabdologia ; and at length, after 
trials of many other means, the most complete one of lo¬ 
garithms, in the actual construction of a large table of 
numbers in arithmetical progression, adapted to a set of 
'as many others in geometrical progression. The properly 
of such numbers had been long known, viz, that the ad¬ 
dition of the former answered to the multiplication of the 
latter, &c; but it wanted the necessity of such very trou¬ 
blesome calculations as those above mentioned, joined to 
an ardent disposition, to make such a use of that property. 
Perhaps also this disposition was urged into action by 
certain attempts of this kind which it seems were made 
elsewhere ; such as the following, related by Wood in his 
Athena* Oxonienses, under the article Briggs, on the au¬ 
thority of Oughtred and Wingate, viz, “ That one Dr. 
Craig, a Scotchman, coming out of Denmark into his own 
country, called upon John Neper baron of Marchcston 
near Edinburgh, and told him, among other discourses, 
of a new invention in Denmark (by Longomontanus as 
'tis said) to save the tedious multiplication and division in 
astronomical calculations. Neper was very solicitous to 
know farther of him concerning this matter, but he could 
give no other account of it, than that it was by propor* 
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-'tioliable numbers. Which hint Neper taking, he desired 
him at his return to call upon him again. Craig, alter 
some weeks had passed, did so, and Neper then showed 
him a rude draught of that he called Canon Mirahihs Lo- 
garitlimorum. Which draught, with some uherarions, lie 
printed in 101 It came forthwith into the hands of our 
author Briggs, and into those of William Ouglilrcd, from 
whom the relation of this matter came." 

Whatever might he the inducement however, Napier 
published his invention in 1614, under the title of Loga- 
rithmoruin Canonis Descriptio, &c, containing the ‘de¬ 
scription and canon of his logarithms, which are those of 
the kind that is called hyperbolic. This work coining 
presently to the hands of Mr. Briggs, then professor of 
geometry at Grcsham-collegc in London, he immediately 
gave it the greatest encouragement, teaching the nature of 
the logarithms in his public lectures, and at the same 
time recommending a change in the scale ol them, by 
which they might be advantageously altered to the kind 
which he afterwards computed himself, which me thence 
called Briggs's Logarithms, and are those now in common 
use. Mr. Briggs also presently wrote to lord Napier upon 
this proposed change, and made journeys to Scotland the 
two following years, to- visit Napier, and consult with 
him on the subject of this alteration, before lie set about 
making it. Briggs, in a letter to archbishop Usher, March 
10, 1615, writes thus: “ Napier lord of Murkinston hath 
set my head and hands at work with his new and admi¬ 
rable logarithms. I hope to see him this summer, if it 
please God ; for I never saw a book which pleased me 
better, and made me more wonder/’ Briggs accordingly 
made lord Napier the visit, and staid a month with him. 

The follow ing passage, from the Life of Lilly the astro¬ 
loger, contains a curious account of the meeting of those 
two illustrious men. u 1 will acquaint you (says Lilly) 
with one memorable story related unto me by John Marr, 
an excellent mathematician and geometrician, whom 1 
conceive you remember. lie was servant to King James 
and Charles the First. At first when the lord Napier, or 
Marchiston, made public his logarithms, Mr. Briggs, 
then -reader of the astronomy lectures at Grcsham-collegc 
in London, was so surprised with admiration of them, 
that he could have no quietness in himself until he had 
seen that noble person the lord Marchiston, whose only 
invention they were: he acquaints John Marr herewith, 
who went into Scotland before Mr. Briggs, purposely to 
be there when those two so Icurncd persons should meet. 
Mr. Briggs appoints a certain day when to meet at Edin¬ 
burgh; hut tailing thereof, the lord Napier was doubtful 
he would nob coine. It happened one day as John Marr 
and the lord Napier were speaking of Mr. Briggs ; 4 Ah, 
John (said Marchiston), Mr. Briggs .will not now come.’ 
At the very instant ono knocks at the gateJohn Marr 
hastens down, and it proved Mr. Briggs to hi? great con¬ 
tentment. He brings Mr. Briggs up into iny lord’s cham¬ 
ber, where almost one quarter of an hour was spent, each 
beholding other ‘almost with admiration before one word 
was spokciVA’tilast Mr. Briggs began : * My lord, I have 
undertaken this long journey purposely to see your person, 
and to know by what engine of wit or ingenuity you cnino 
first to think of this most excellent help into astronomy, 
viz, the logarithms; but, my lord, being by you found 
out, 1 wonder nobody else found it out before, when now 
known it is so easy.' He was nobly entertained by the 
lord Napier; and every summer after that, during the 


lord's being alive, this venerable man Mr. Briggs went 
purposely into Scotland to visit him." 

Napier made also considerable improvements in sphe¬ 
rical trigonometry &c, particularly by his Catholic or 
Universal Rule, being a general theorem by which he re¬ 
solves all the cases of right-angled spherical triangles in 
a manner very simple, and easy to be remembered,-name¬ 
ly, by what he calls the Five Circular Parts. His Con¬ 
struction of Logarithms too, besides the labour of them, 
manifests the greatest ingenuity. Kepler dedicated his 
Ephcmcridcs to Napier, w hich were published in the year 
l(i17 ; and it appears from many passages in his letter 
about this time, that he accounted Napier to be the great¬ 
est man of lus age in the particular department to which 
lie applied his abilities. , • 

The last literary exertion of this eminent person was the 
publication of his Rabdology and Promptuary, in the year 
1617 ; soon after which lie died at Marchiston, the 3d of 
April in the same year, and in the 68th year of his age.— 
'Hie list of his works is as follows: 

1. A Plain Discovery of the Revelation of St.John; 1593. 

2. LogHritlimoruni Canonis Descriptio; 1614. 

3. Muilici Logarithmorum Canonis Constructio; Arc. 
Quibus accesserc propositioncs nd triangula sphxrica 
fuciliorc calculo rcsolvcnda. Una cum Annotntionibus 
aliquot doctissimi D. Hcnrici Rriggii in oas, et momoiutam 
appcndicem. Published by the author’s son in I6I9. 

4. llnbdologia, sen Numcrutioiiis per Virguhis, libri 
duo; 10’17- This contains the description and use of the 
bones or rods; with several other short and ingenious modes 
of calculation. 


5. Ills Letter to Anthony Bacon (the original of which 
is in the archbishop's library at Lambeth), entitled, Se¬ 
cret Inventions, Profitable and Necessary in these days 
for the Defence of this Island, and withstanding Strangers 
Enemies to God’sTruth and Religion; dated Jnnc2, 1596* 

Napif.r's Hones, or Rods, an instrument contrived by 
Lord Napier, for the more easy pciforming of the arith¬ 
metical operations of multiplication, division, &c. These 
rods are five in number, made of bone, ivory, horn, wood, 
or pasteboard, &c. Their faces are divided into nine lit¬ 
tle squares (fig. 7* pi. 20) ; each of which is parted into 
two triangles by diagonals. In these little squares arc 
written the numbers of the multiplication-table; in such a 
manner that the units, or right-hand figures, arc found in 
the right-hand triangle ; and the tens, or the left-hand 
figures, in the left-hand triangle; as in the figure. 

To Multiply Numbers by Napier’s Bones. Dispose the 
rods in such a manner, us that the top figures may ex¬ 
hibit the multiplicand; and to these, on the left-hand, 
join the rod of units: in which seek the right-hand figure 
of the multiplier; and take out the numbers correspond¬ 
ing to it, in the squares of the other rods, by adding the 
several numbers occurring in the same rhomb together, 
ami their sums. After the same manner write out the 
numbers corresponding to the other figures of the multi¬ 
plier; disposing them under one another ns in the common 
multiplication; and lastly add the several numbers into 


one sum. For example, suppose the mul¬ 
tiplicand 5978, and the multiplier 937. 
From the outermost triangle on the right- 
hand (fig. 8, pi. 20) which corresponds to 
the right-hand figure of the multiplier 7, 
take out the figure 6, placing it under the 
line. In the next rhomb towards tho left. 


5978 
937 
’41 S4() 
17934 
53802 

56*0138$ 
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add 9 and 5 ; their sum being 14, write the right-hand 
figure 4, against l); carrying the left-hand figure 1 to 4 
and 3, which are found in the next rhomb; and join the 
sum 8 to 46 , already set down. After the same manner, 
in the last rhomb, add 6 and 5, and the latter figure of 
the suin 11 , set down as before, and carry 1 to the 3 found 
in the left-hand triangle; the sum 4 join as before on the 
left-hand of 1846. Thus you will have 41846 for the 
product of 597S by 7- And in the same manner are to 
be found the products for the other figures of the-mul¬ 
tiplier; alter which the whole is to be added together as 
usual. 

To perform Division by Napier’s Bones . Dispose the 
rods so, that the uppermost figures may exhibit the di¬ 
visor ; to these on the left-hand, join the rod ot units. 
Descend under the divisor, till you meet those figures ol 
the dividend in which it is first required how oft the divisor 
is found, or at least the next less number, which is to be 
subtracted from the dividend ; then the number corre¬ 
sponding to this, in the place of units, set down ior a quo¬ 
tient. And bv determining the other parts ol the quotient 
after the same manner, the division will be completed. 

For example ; suppose the di- 5973 ) 5601386 ( 937 
vidend 5601386, and the divi- * 53802 


sor 5978 ; since it is first in¬ 
quired how often 5978 is found 
in 56013, descend under the di¬ 
visor Jfig. 8 ) till in the lowest 
series you find the number 


22118 

17934 

41840 

41846 


53802, approaching nearest to 56013; the former of 


which is to he subtracted from the latter, and the figure 9 


corresponding to it in the rod of units set down for the 
quotient. To the remainder 221 i join the following figure 
8 of the dividend; and the number )793*1» being found as 
before for the next less number to it, the corresponding 
number 3 in the rod of units is to be set'down for the next 
figure of the quotient. After the same manner the third 
and last figure of the quotient will be found to be 7 ; and 
the whole quotient 937. 

NATURAL Day, Year,Sfc. See Day, Year, &c. 

Natural Horizon, is the sensible or physical ho¬ 
rizon. • • • . 


Natural Magic, is that which only makes use of na¬ 
tural causes; sych as the treatise of J. Bapt. Porta, Magia 
Natural 1 a, • 

Natural Philosophy, otherwise called Physics , is that 
Science which considers the powers of nature, the proper¬ 
ties of natural bodies, and their actions on one another. 

Laws of Nature, arc certain axioms, or general rules, 
of motion and rest, observed by natural bodies in their ac¬ 
tions on one another. Of these laws, Sir I. Newton has 
established the thrge following. 

1 st Law. —-That every body perseveres in the same, 
state, cither of rest, or uniform rectilinear motion; unless 
it is compelled to change that state by the action of sonic 
foreign force or agent. Thus, projectiles persevere'in 
their motions, except so far as they are rctardeJ by the 
resistance of the air, and the action of gravity : and thus a 
top, once set in motion, only ceases to turn round, because 
it is resisted by the air, and by the friction of the plane 
upon which it moves. Thus also the larger bodies of the 
planets and comets preserve their progressive and circular 
motions a long time undiminished, in regions void of all 
sensible resistance.—As body is passive in receiving its mo¬ 
tion, and the direction of its motion, so it retains them, or. 


perseveres in them, without any change, till it be acted on 
by some thing external^ 

2d Law.— I he motion, or change of motion, is always 
proportional to the moving force by which it is produced, 
and in the direction of the right line in which that force 
is impressed. Ii a given force produce a certain motion, 
a double force will produce double the motion, a triple 
force triple the motion, and soon. And this motion, since 
it is always directed to the same point with the generating 
force, if the body were in motion before, is either to be 
added to ir, as when the motions conspire : or subtracted 
from it, as when they are opposite; or combined obliquely, 
when oblique: being always compounded with it accord¬ 
ing to the determination of each. 

3d Law.— lie-action is always contrary, and equal to 
action ; or the actions of two bodies upon each other, are 
always mutually equal, and directed contrary ways; and 
are to be estimated always in the same right line. Thus, 
it one body pros or draw another, it is equally pressed or 
drawn by it. So, if 1 press a stone with my linger, the 
finger is equally pressed by the stone: if a horse draw a 
weight forward by a rope, the horse is equally opposed or 
drawn back towards the weight; the equal tension or 
stretch of the rope hindering the progress of the one, as it 
promotes that of the other. Again, if any body, by 
striking on another, do in any manner change its motion, 
it will itself, by means ol the other, undergo also an equal 
change in its own motion, on account of the equality of the 
pressure. When two bodies meet, each endeavours to 
persevere in ils state*,and resists any change: and because 
the change which is produced in cither may be equally 
measured by the action which it excites upon the other, or 
by the resistance which it meets with from it, it follows that 
the changes produced in the motions of each arc equal, 
but arc made in contrary directions: the one acquires no 
new force but what the other loses in the same direction; 
nor does this last lose any force but what the other ac¬ 
quires ; and hence, though by their collisions, motion 
passes from the one to the other, yet the sum of their mo¬ 
tions, estimated in a given direction, is preserved the 
same, and is unalterable by their mutual actions upon 
each other. In these actions the changes arc equal; not 
those, we mean, of the velocities, but those of the motions, 
or momentums; the bodies being supposed free from any 
other impediments. For the changes of velocities, which 
are likewise made contrary ways, inasmuch as the mo¬ 
tions are equally changed, are reciprocally proportional to 
the bodies or masses.—The same law obtains also in at¬ 
tractions. 

NAVIGATION, is the art of conducting a ship ot sea 
from one port or place to another. This is perhaps the 
most useful of all arts, and is of the highest antiquity'. It 
is impossible to say who were the inventors of it; but it is 
probable that many people cultivated it, independent of 
each other, who inhabited the sen coasts, and had occa¬ 
sion,-or found it convenient, to convey themselves upon 
the water from place to place; beginning from rafts and 
logs of wood, and gradually improving in the structure 
and management of their vessels, according to the length 
of time-and extent of their voyages. Writers however 
ascribe the invention of this art to different persons, or na¬ 
tions, according to the different sources of their informa¬ 
tion. Thus; 

The poets refer the invention of navigation to Neptune, 
some to Bacchus, others to Hercules, to Jasou, or to 
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Janus, who it is said made the first ship. Historians 
ascribe it to the /Eginctes, the Phoenicians, Tyrians, and 
the ancient inhabitants of Britain.* Some are of opinion 
that the first hint was taken from the (light of the kite; 
and some, as Oppian (Dc Piscibus, lib. 1), from the lish 
called Nautilus; while some ascribe it to accident; and 
others again deriving the hint and invention from Noah's 
ark. 


However, history represents the Phoenicians, especially 
those of the capital Tyre, as the first navigators that made 
any extensive progress in the art, so far as has come to 
our knowledge; and indeed it must have been this very 
art that made their city what it was. For this purpose, 
Lebanon, and the other neighbouring mountains, furnish¬ 
ing them with excellent wood for ship-building, they were 
speedily masters of a numerous fleet, with which constantly 
hazarding new navigations, and settling new trades, they 
soon arrived at a high pitch of opulence and population; 
so as to be in a condition to send out colonies, the prin¬ 
cipal of which was that of Carthage; which, keeping up 
their Phoenician spirit of comme rce, in time far surpassed 
Tyre itself; sending their merchant-ships through Her¬ 
cules’s pillars, now the straits of Gibraltar, and thence 
along the western coasts of Africa and Europe* and even, 
according to some authors, to America itself. The city 
of Tyre being destroyed by Alexander the Great, its na¬ 
vigation and commerce were transferred by the conqueror 
to Alexandria, a new city, well situated for tlu-sc pur¬ 
poses, and proposed for the capital of the empire of Asia, 
tho conquest of which Alexander then meditated. And 
thus arose the navigation of the Egyptians ; which was af¬ 
terwards so cultivated by the Ptolemies, that Tyrcand Car¬ 
thage were quite forgotten. 

Egypt being reduced to a Roman province after the bat¬ 
tle of Actium, its trade and navigation fell into the hands 
of Augustus: in whose time Alexandria was only inferior 
to Rome; and the magazines of the capilul of the world 
were wholly supplied with merchandises from the capital 
ofEgyyt, 

At length, Alexandria itself underwent the fate of Tyre 
and Carthage; being surprised by the Saracens, who, in 
spite of the Emperor Heraclius, overspread the northern 
coasts of Africa, &c ; and the merchants being driven 
thence, Alexandria has ever since been in a languishing 
state, though still it has a considerable part of the com¬ 
merce of the Christian merchants trading to the Levant, 

The fall of Rome and its empire drew along with it, 
not only that of learning and the polite arts, but that of 
navigation also; the barbarians, into whose hands it fell, 
contenting themselves with the spoils of the industry of 
their predecessors. 

But no sooner were the brave among those nations well 
settled in their new provinces; some in Gaul, as the 
Franks; others in Spain, as the Goths; and others in 
Italy, as the Lombards; than they began tolcurn the ad¬ 
vantages of navigation and commerce, with the methods of 
managing them, from the people they subdued ; and this 
with so much success, that in a little time some of them 
became able to give new lessons, and set on foot new in¬ 
stitutions for its advantage. Thus it is to the Lombards 
wc usually' ascribe the invention and use of banks, book¬ 
keeping, exchanges, rcchangcs, &c. 

It docs not appear which of the European nations, affer 
the settlement of their new masters, first engaged in navi¬ 
gation and commerce.—Some think it began with the 


French; though the Italians seem to have the justcr title 
to it, and arc usually considered as the restorers of both, 
os well as of the polite arts, which had been banished to¬ 
gether from the time the empire was torn asunder. It is 
the people of Italy then, and particularly those of Venice 
and Genoa, who have the glory of this restoration; and 
it is to their advantageous situation for navigation that 
they in a great measure owe their glory. From about the 
time of tiie 6th century, when the inhabitants of the 
islands in the bottom of the Adriatic began to unite toge¬ 
ther, and by their union to form the Venetian state, their 
fleets of merchantmen were sent to all the parts of the 
Mediterranean ; and at last to those of Egypt, particularly 
Cairo, a new city, built by the Saracen princes on the 
eastern bunks of the Nile, where they traded for their 
spices and other products of the Indies. Thus they flou¬ 
rished, and increased their commerce, their navigation, 
and their conquests on the terra firma, till the league of 
Cam bray in 150$, when a number of jealous princes con¬ 
spired to their ruin; which was the more easily effected 
by the diminution of their East-India commerce, of which 
the Portuguese had got one part, and the French another. 
Genoa too, which had cultivated navigation at the same 
time with Venice, and that with equal success, was along 
time its dangerous rival, disputed with it the empire of the 
seu, and shared with it the trade of Egypt, and other 
parts both of the east and west. 

Jealousy soon began to break out; and the two repub¬ 
lics coming to blows, there was almost continual war for 
three centuries, before the superiority was ascertained ; 
when, towards the end of the 14th century, the battle of 
Chioza ended the strifes the Genoese, who till then had 
usually the advantage, having now lost all; and the Ve¬ 
netians, almost become desperate, at one happy blow, be¬ 
yond all expectation, secured to themselves the empire of 
the sea, and the superiority in commerce. 

About the same time that navigation was retrieved in 
the southern parts of Europe, a new society of merchants 
was formed in the North, which not only carried com¬ 
merce to the greatest perfection it was capable of, till the 
discovery of the East and West Indies, but also formed a 
new scheme of laws for the regulation of it, which still 
obtain under the name of, Uses and Customs of the Sea. 
This society is that celebrated league of the Hansc-Towns, 
which was begun about the year 1164. 

The art of navigation has been greatly improved in mo¬ 
dern times, both in respect to the form of the vessels 
themselves, and the methods of working or conducting 
them. The use of rowers is now entirely superseded by 
the improvements made in the sails, rigging, &c. The 
ancients were neither so well skilled in finding the lati¬ 
tudes, nor in steering their vessels in plaees of difficult na¬ 
vigation, as the moderns. But the greatest advantage 
which these have over the ancients, is from the marinePa 
compass, by which they are enabled to find their way 
with as much facility in the midst of an immeasurable 
ocean, as the ancients could have done by creeping along 
the coast, and never going out of sight of land. Some 
people indeed contend, that this is no new invention, but 
that the ancients Were acquainted with it. They say, it 
was impossible for Solomon’s ships to go to Opliir, Tar- 
sbish, and Parvaim, which last they will have to be Peru, 
without thjs useful instrument. They insist, that it was 
impossible for the ancientf to be acquainted with the at¬ 
tractive virtue of the magnet,, without knowing its pula- 
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rity. They even affirm, that this property of the magnet 
is plainly mentioned in the Book of Job, where the load¬ 
stone is called topaz, or the stone that turns itself. But, 
not to mention that Mr. Bruce has lately made it appear 
highly probable that Solomon’s ships made no more than 
coasting voyages, it is certain that the Romans, who con¬ 
quered Judea, were ignorant of this instrument; and it is 
very probable, that so useful an invention, if once it had 
been commonly known to a nation, would never have been 
forgotten, or perfectly concealed from so enterprising a 
people as the Romans, who were so much interested in 
the discovery of it. 

Among those who do agree that the mariner’s compass 
is a modern invention, it has been much disputed who was 
the inventor. Some give the honour of it to Flavio Gioia 
of Amalfi in Campania, about the beginning of the 14th 
century ; while others say that it came from the East, and 
was earlier known in Europe. But, at whatever time it was 
invented, it is certain, that the mariner's com passives not 
commonly used inr navigation before the year 1420. In 
that year, the science was considerably improved under 
the auspices of Henry duke of Visco, brother to tlje king 
of Portugal. In the year 1485, Roderic und Joseph, phy¬ 
sicians to king John the 2d of Portugal, together will! one 
Martin dc Bohemia, a Portuguese native of the islund of 
Fayol, and pupil to Regiomontanus, calculated tables of 
the sun’s declination for the use of sailors, and recom¬ 
mended the astrolabe for taking observations at sea. The 
celebrated Columbus, it is said, availed himself of Martin’s 
instructions, and improved the Spaniards in the knowledge 
of this art; for the farther progress of which, a lecture 
was afterwards founded at Seville by the emperor Charles 
the 5th. 

The discovery of the variation of the compass, is claim¬ 
ed by Columbus, and by Sebastian Cabot. The former 
certainly did observe this variation without having heard 
of it from any other person, on the I4tli of September 
1492, nnd it is very probable that Cabot might do the 
same. At that time it was found that there wus no varia¬ 
tion at the Azores, for which reason some geographers 
made that the first meridian, though it has since been dis¬ 
covered that the variation alters in time. The use of the 
cross-stuff'now began to be introduced among sailors. This 
ancient instrument is described by John Werner of Nu¬ 
remberg, in his annotations on the first book of Ptolemy’s 
Geography, printed in 1514: he recommends it for ob¬ 
serving the distance between the moon and some star, 
trom which to determine the longitude. 

At this time the art of navigation was very imperfect, 
from the use of the plane chnrt, which was the only one 
then known, and which, by its gross errors, must have 
greatly misled the mariner, especially in places far distant 
from the equator; and also from the wunt of books of 
instruction for seamen. 

At length two Spanish treatises appeared on this sub¬ 
ject, the one by Pedro dc Medina, in 1545; and the other 
by Marlin Cortes, or Curtis as it is printed in English, in 
1556, though the author says he Composed it at Cadiz in 
1545, containing a complete system of the art as far as it 
was then known. Medina, in his dedication to Philip 
prince of Spain, laments that multitudes of ships daily pe¬ 
rished at sea, because tlujrc were neither teachers of the 
art, nor books by which it might be learned; and Cortes, 
In bia dedication, boasts to the emperor, that be aym thy 
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first who had reduced navigation into a compendium, va¬ 
luing himselt much on what he had performed. Medina 
defended the plane chart ; but lie was opposed by Cortes, 
who showed its errors, and endeavoured to account for 
the variation ol the compass, by supposing the needle was 
influenced by a magnetic pole, different from that of the 
world, and which he called the Point Attractive: which 
notion has been further prosecuted by others. Medina’s 
book was soon translated into Italian, French, and Flemish, 
and served for a longtime as a guide to foreign navigators. 
However, Cortes was the favourite author ol the English 
nation, and was translated in 15til, by Richard Eden, 
while Medina’s work was much neglected, though trans¬ 
lated also within a short time of the other. At that time 
a system of navigation consisted of materials such as the 
following. An account of the Ptolemaic hypothesis, and 
the circles of the sphere; of the roundness of the earth, 
the longitudes, latitudes, climates, &c, and eclipses of the 
luminaries; a calendar; the method of finding the prime, 
epact, moon's age, and tides; a description of the com¬ 
pass, an account of its variation, for the discovering of 
which Cortes said an instrument might easily Le contrived ; 
tables of the sun’s declination for 4 years, in order to find 
the latitude from his meridian altitude; directions to find 
the same by certain stars; of the course of the sun and 
moon ; the length of the days; of time and its divisions; 
the method ol finding the hour of the day and night; and 
lastly, a description of the sea-chart, on which to discover 
where the ship is; they made use also of a small table, 
that showed, on an alteration of one degree of the latitude, 
how many leagues were run on each rhumb, together 
with the departure from the meridian ; which might be 
Culled a table ut distance and departure, as wo have 
now a table ol difference of latitude and departure. 
Besides, some instruments were described, especially by 
Cortes; one of which was for finding the place and decli¬ 
nation of the sun, with the ngc and place of the moon; 
certain dials, the astrolabe, and cross-stall; with a com¬ 
plex machine to discover the hour and latitude at once. 

About the same time proposals were made for finding 
the longitude by observations of the moon. In 1530, 
Gemma I risius advised the keeping of the time by means 
of small clocks or watches, then newly invented, as he 
says. He also contrived a new kind of cross-stall, and an 
instrument called the Nautical Quadrant ; which last was 
much praised by William Cuningham, in bis Cosmogra- 
phicul Glass, printed in the year 1359. 

In the year 1537 Pedro Nunez, or Nonius, published 
a book in the Portuguese language, to explain a difficulty 
in navigation, proposed to him by the commander Don 
Martin Alphonso de Susa. In this work he exposes the 
errors of the plane chart, and gives the solution of several 
curious astronomical problems; among which, is that of 
determining the latitude from two observations of the 
sun’s altitude and the intermediate azimuth being given, 
lie observed, that though the rhumbs are spiral lines, yet 
the direct course of a ship will always be in the arch of a 
great circle, by which the angle with the mcridiuns will 
continually change : all that the steersman can here do for 
preserving the original rhumb, is to correct these devia¬ 
tions as soon as they appear sensible. But thus the sliip 
will in reality describe a course without the rhumbflinc inr 
tended; and therefore his calculations for ussigniug the 
latitude* where any rbumblitjc cross qs several werjt 
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dians, will be in some measure erroneous. He invented a 
method of dividing a quadrant by means of concentric 
circles, which, alter being much improved by Dr. Halley, 
is used at piesent, and is called a Nonius. 

In 1577, Mr. William Bourne publi>l»ed a treatise of 
navigation, in which, by considering the inegulaiuics in 
the moon’s motion, he shows the errors ol the sailors in 
finding her age by the epact, and also in determining the 
hour from observing on what point of the compass the 
sun and moon appeared. In sailing towards high latitudes, 
he advises to keep the reckoning by the globe, as the 
plane chart is most erroneous in such situations. He de¬ 
spairs of our ever being able to find the longitude, unless 
the variation of the compass should be occasioned by 
some such attractive point as Cortes had imagined ; ot 
which however he doubts: but as be had shown how to 
find the variation at all times, be advises to keep an 
account of the observations, as useful for finding the 
place of the ship; which advice was prosecuted at large 
by Simon Stevin in a treatise published at Leyden in 
1599; the substance of which was the same year printed 
at London in English by Mr. Edward W right, entitled 
the Haven-finding Art. In the same old tract also is dc- 
cribed the method by which our sailors estimate the rate 
of a ship in her course, by the instrument called the 
Log. The author of this contrivance is not known ; nei¬ 
ther was it farther noticed till l6o7, when it is mentioned 
in an East*lndia voyage published by Purchas: but trom 
this time it became common, and is mentioned by all au¬ 
thors on navigation ; and it still continues to be used as at 
first, though many attempts have been made to improve 
it, and contrivances proposed to supply its place ; some 
of which have succeeded instill water, but proved useless 
in a stormy sea. • 

In 1581 Michael Coignct, a native of Antwerp, pub¬ 
lished a treatise, in which he animadverted on Medina. 
In this he showed, that as the rhumbs are spirals, making 
endless revolutions about the poles, numerous errors must 
arise from their being represented by straight lines on the 
sea-charts ; but though lie hoped to find a remedy for 
these errors, he was of opinion that the proposals of No¬ 
nius were scarcely practicable, anti therefore in a great 
measure useless. In treating of the sun's declination, lie 
took notice of the gradual decrease in the obliquity of the 
ecliptic ; he also described the cross-staff with three trans¬ 
verse pieces, as it was then in common use among the 
sailors. He likewise gave some instruments of his own in¬ 
vention ; but all of them arc now laid aside, excepting 
perhaps his Nocturnal. lie constructed a sca-tablc, to 
be used by such as sailed beyond the 6*0th degree of lati¬ 
tude ; and at the end of the book is delivered a method 
of sailing on a parallel of latitude, by means of a ring-dial 
and a 24-hour-glass. 

In the same year Mr. Robert Norman published his 
Discovery of the Dipping-needle, in a pamphlet called the 
New Attractive; to which is always subjoined Mr. Wil¬ 
liam Burroughs Discourse of the Variation of the Com¬ 
pass.— in 1594, Captain John Davis published a smull 
treatise, entitled The Seaman’s Secrets, which wasjnuch 
esteemed in its time. 

The writers of this period complained much of the er¬ 
rors of the plane chart, which continued still in use, though 
they were unable to discover a proper remedy: till Gcr- 
rard Mercator contrived his Universal Map, which he 


published in 15(>9, without clearly understanding the . 
principles of its construction ; these were first discovered 
by Mr. Edward Wright, who sent an account of the true 
method of dividing the meridian from Cambridge, where 
he was a fellow, to Mr. Blundeville, with a short table for 
1 hat purpose, and a specimen of a chart su divided. 1 hese 
were published by Blundeville in 1594, among his Exer¬ 
cises ; to the later editions of which was added his Dis¬ 
course 011 Universal Maps, first printed in 1589- How¬ 
ever, in 1599 Mr. Wright printed his Correction of cer¬ 
tain Errors in Navigation, in which work he shows the 
' reason ol this division, the manner oi constructing his ta¬ 
ble, and its uses in navigation. A second edition ol this 
treatise, with further improvements, was printed in 16* 10, 
and a third edition by Mr. Moxon, in l6o7« — 1 he me¬ 
thod of approximation, by what is culled the middle lati¬ 
tude, now used by our sailors, occurs in Gunters Works, 
first printed in 1023.—About this time logarithms began to 
be introduced, which were applied to navigation in a va¬ 
riety of ways by Mr. Edmund Gunter; though the first 
application of the logarithmic tables to the cases ol sail¬ 
ing, was by Mr.Thomas Addison, in his Arithmetical Na¬ 
vigation, printed in 1625.—In 1035 Mr. Henry Gellibrand • 
printed a Mathematical Discourse on the Variation ot the 
Magnctical Needle, containing his discovery of the 
changes to which the variation is subject.—In l()3l, Mr. 
Richard Norwood published an excellent Treatise, of Tri- 
gonometry, adapted to the invention of logarithms, parti¬ 
cularly in applying Napier’s general cations; and for the 
farther improvement 6i navigation, he undertook the la¬ 
borious work of measuring a degree of the meridian, for 
examining the divisions of the log-line. He has given it 
full and clear account of this operation in his Seaman’s 
Practice, first published in 1637 ; where he also describes 
his own excellent method of setting down and perfecting . 
a sca-rcckoning, &c. This treatise, and that of trigono¬ 
metry, were often reprinted, as the principal books lor 
learning scientifically the art of navigation. What lie had 
delivered, especially in the latter of them, concerning this 
subject, was contracted as a manual for sailors in a very 
smull piece, called his Epitome, which has gone through a 
great numberof editions.—About the year 16*4-5, Mr. Bond 
published, in Norwood’s Epitome, 11 very great improve¬ 
ment on Wright’s method, by a property in his meridian 
line, by which its divisions arc more scientifically assigned 
than the author was able to effect; • which be deduced troin 
this theorem, that these divisions arc analogous to the ex¬ 
cesses of the logarithmic tangents' of hall the respective 
latitudes increased by 45 degrees, above the logarithm of 
the radius: this lie afterwards explained more tully iu the 
3d edition-of Gunter’s Works, printed in 1653 ; and the 
demonstration of the general theorem was supplied by Mr. 
James Gregory of Aberdeen, in his ExercitationcsGeomc- 
triem, printed at London in l6f>8, und afterwards by Dr. 
Halley, in the Philos. Trans. No. 219t »» also by Mr. 
Cotes, No. 388.—In 1700, Mr. Bond, who imagined that 
he had discovered the longitude, by having discovered the 
true theory of the magnetic variation, published a general 
map, on which curve lines were drawn, expressing the 
xpaths or places where the magnetic needle had the same 
variation. The positions of these curves will indeed con¬ 
tinually experience alterations ; and therefore they should 
be corrected from time to time, as they have already been 
for the years 1744, and 1756, by Mr. William Mountains 
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and Mr. James Dodson.—The* allowances proper to be 
made for lee-way, are very particularly set down by Mr. 
John Buckler, and published in a small tract first printed 
in 1702, entitled a New Compendium of the whole Art of 
Navigation, written by Mr. W illiam Jones. 

As it is now gcncially agreed that the earth is a sphe¬ 
roid, whose axis or polar diameter is shorter than the 
equatorial diameter, Dr. Murdoch published a tract in 
174-1, in which he adapted Wright's, or Mercator's sailing 
to such a figure; and in the same year Mr. Maclaurin 
also, in the Philos. Trans. No. 461, for determining the 
meridional parts of a spheroid; and he has further pro¬ 
secuted the same speculation in his Fluxions, printed in 
1742. 

The method of finding the longitude at sea, by the ob¬ 
served distances of the moon from the sun and stars, com¬ 
monly called the lunar method, was proposed at an early 
stage in the art of navigation, (viz, in 15 I 4, by John Werner 
of Nuremberg,) and has now been happily carried into cf- 
. fectual execution by the encouragement of the Board of 
Longitude, which was established in England in the year 
1714, for rewarding any successful endeavours to keep the 
longitude at sea. In the year 17 67 , this board published 
a Nautical Almanac, which has been continued annually 
ever since, by the advice, and under the direction of the 
astronomer-royal at Greenwich: this work is purposely 
adapted to the use of navigators in long voyages, and, 
among a great many useful articles, it contains tables of the 
lunar distances accurately computed for every 3 hours in 
the year, lor the purpose of comparing the distance thus 
known for any time, with the distance observed in an un¬ 
known place, from which to compute the longitude of that 
place. Under the auspices of this Board too, besides 
giving encouragement to the authors of many useful tables 
and other works, which would otherwise have been lost, 
timekeepers have been brought to a great degree of excel¬ 
lence, by Mr. Harrison, Mr. Arnold,-and many other per¬ 
sons, which have proved highly advantageous in keeping 
the time during long voyages at sea, and thcncc giving the 
longitude to a good degree of accuracy. 

Some of the other principal writers on navigation are, 
Stcvin, before 16’00, in his Hydrography; Bartholomew 
Crcscenti,of Rome, in 1607 ; Willebrord Snell, at Leyden, 
in 16*24, his Tiphys Batavus ; Geo. Fournier, at Paris, 
1633; John Baptist Kiccioli, at Bologna, in l66l; De- 
chales, in 1674? and l6‘77 ; the Sieur Blondcl St. Aubin, 
* n 1671 and 1673 ; M. Dossier, in 1683; M. Sauvcur, 
in 1692; M. John Rouguer, in 1698; F. Pczenas, in 1733 
and 1741 ; and M. Peter Bougucr, who, in 1753, pub¬ 
lished a ycry elaborate treatise on this subject, entitled, 
Nouveau Traite dc Navigation ; in which he*gives a va¬ 
riation compass of bis own invention, and attempts to re¬ 
form the log, as he had before done in the Memoirs of the 
Academy of Sciences for 1747. He is also very particu¬ 
lar in determining the lunations more accurately than by 
the common methods, and in describing the corrections of 
the dead reckoning. This book was abridged and im¬ 
proved by M. Lacaille, in 1760. To these may be added 
the navigation of Don George Juan of Spain, in. 1757. 
And, in our own nation, the several treatises of Messrs. 
Newhouse, Seller, Hodgson, Atkinson, Harris, Patoun, 
Hauxley, Wilson, Moore, Nicholson, 6cc; but, above all, 
The Elements of Navigation, in 2 vols, by Mr. John Ro¬ 
bertson, first printed about the year 1750, and since often 
re-printed; which is the most complete work of the kind 
Vo l. 1L 


extant; and to which work is prefixed a Dissertation «>n 
the Ki*c and Piogr<**s of the modern Art ol Navigation, 
by Dr. James Wilson, containing a very learned and ela¬ 
borate history of the writings and improvements in this 
art. 

I or an account of the several instruments employed for 
the purposes of navigation, with the methods for the lon¬ 
gitude, and the various kinds and methods of navigation, 
«S:c, see the respective articles thcnisclres, as also the pre¬ 
face to Robertson's Navigation. 

Navigation is either Proper or Common. 
Navigation, Common , usually called coasting, in 
w hich the places are at no great distance from each oilier, 
and the ship sails usually in sight of land, and mostly 
within soundings. In this, little else is required besides 
an acquaintance with the lands, the compass, and sound¬ 
ing-line ; each of which, sec in its place.’ j 

Navigation, Proper , is where the voyage is long, and 
pursued through the main ocean. And here, besides tlie 
requisites in the former case, are also required the use of 
Mercator's Chart, the azimuth and amplitude compasses, 
the log-line, and other instruments for celestial observan 
tions; as forestaffs, quadrants, and other sectors, &c. 

Navigation turns chiefly upon four things ; two of which 
being given or known, the rest are thence easily found out. 
These four things are, the difference of latitude, difference 
of longitude, the reckoning or distance run, and the course 
or rhumb sailed on. The latitudes are easily found, and 
that with sufficient accuracy : the course and distance are 
had by the log-line, or dead reckoning, together with the 
compass. Nor is there any thing wanting to the per¬ 
fection of navigation, but to determine the longitude. 
Mathematicians and astronomers for many ages have ap¬ 
plied themselves, with great assiduity, to supply this gTand 
desideratum, but not altogether with the success desired, 
considering the importance of the object, and the magni¬ 
ficent rewards offered by several states to the discoverer. 
Sec Longitude. 

Sub-Marine Navigation, or the art of sailing under 
water, is mentioned by Mr. Boyle, as the desideratum of 
the art of navigation. This, he says, was successfully at¬ 
tempted, by Cornelius Drebbel; several persons who were 
in the boat breathing freely all the time. Sec Diviko- 
Dell. 

Inland Navigation, is that performed by small craft, 
upon canals, &c, cut through a country. 

NA\ 1GATOR, a person capable of conducting a ship 
at sea to any place proposed. 

NAUTICAL Churi 9 the same as Sea-Chart. 

Nautical Compass , the same as Sea-Compass. 

Nautical Planisphere , a projection or construction of 
the terrestrial globe on a piano, for the use of mariners ; 
such as the plane chart, and Mercator's chart. 

NEAP, or Neep-Tu/cj, arc those that happen at equal 
distances between the spring tides. The neap tides are the 
lowest, as the spring tides are the highest ones, being the 
opposites to them. And os the highest of the spring tides 
happens about 3 days after the full or change of the moon, 
so the lowest of the neap tides fall about 3 days after the 
quarters, or 4 days before the full and change; when the 
seamen say it is deep neap. 

NEAPED. When a ship wants water, so that she 
cannot get out of the harbour, out of the dock, or off the 
ground, they say, she is neaped, or beneaped. 

NEBUL/E, or Nebulous, or Cloudy, a term applied 
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to ccitain fixed star?, which show a dim, hazy light; being 
less than those ol the 6th magnitude, and therefore scarce¬ 
ly visible to the naked eye, to which at best they only ap¬ 
pear like little dusky specks or clouds.—'1 hrough a niodc- 
raie telescope, most of these nebulous stars plainly appear 
to be congeries or clusters of several little stars. In the 
ni bulous star called Prresepe, in the breast ol Cancer, there 
aie reckoned S6 little stars, 3 of which -Mr. Flamsteed 
sets down in his catalogue. In the nebulous star of Orion, 
are reckoned 21. F. le Compte adds, that there are 40 
in the Pleiades; 12 in the star in the middle of Orion’s 
sword ; 500 in the extent of two degrees ot the same con¬ 
stellation ; and 2500 in the whole constellation. It may 
further be observed, that the galaxy, or milky-way, is a 
continued assemblage ol nebula;, or vast clusters ot small 
stars. 

Though some of these nebulous spots in the heavens 
consist of clusteisof small stars, others appear as luminous 
spots of different forms. A remarkable one is in the mid¬ 
way between the two stars on the blade of Orion’s sword, 
marked 6 by Bayer, discovered in the year 1(>3G by Huy¬ 
gens : it contains only 7 stars, anil the other part is a 
bright spot on a dark ground, appearing like an opening 
into brighter regions beyond. 

Dr. Halley and others have discovered nebula: in seve¬ 
ral parts of the heavens. In the Connoissance des Temps, 
for 1783 and 1784, there is a catalogue of 103 nebula:, 
observed by Messier and Mcchain. But to Dr. llcfscliel 
we owe catalogues of 2000 nebula?, and clusters of stars, 
discovered by him. Some of these form a round compact 
system ; others are more irregular, and of various forms, 
some being long and narrow. The globular systems of 
stars appear thicker in the middle, than they would do if 
the stars were all ut cquul distances from each other; they 
are therefore condensed toward the centre. These he 
supposes arc brought together by their mutual attractions, 
and that the gradual condensation toward the centre is a 
proof of a central power of such a kind ; and that though 
the forms are various, it is plain that there is always a 
tendency to sphericity. And granting that these nebula: 
and clusters of stars arc formed by mutual attraction. Dr. 
FI. concludes, that wc may judge of their relative age by 
the disposition of their component parts, those being the 
oldest that arc most compressed. He supposes, and in¬ 
deed offers powerful arguments to prove, that the milky- 
way is the nebula of which our sttn is one of its compo¬ 
nent parts. 

Dr. Hcrschel has also discovered other phenomena in 
the heavens, which he calls nebulous stars; that is, stars 
surrounded by a faint luminous atmosphere of large ex¬ 
tent. Those which have been thus styled by other astro¬ 
nomers, he says, ought not to have been so called ; for, 
on examination, they have' proved to he cither mere 
'clusters of stars plainly to be distinguished by his large 
telescopes, or such nebulous appearances as might be oc¬ 
casioned by u multitude of sturs at a vast distance. Tbc 
milky-way consists entirely of stars ; and he says, “ I have 
been led on by degrees from the most evident congeries of 
stars, to other groups in which the lucid points wero 
smaller, but still very plainly to be seen ; and from them 
to such in which they could barely be suspected, until I 
arrived at last to spots in which no trace of a star was to bo 
discovered. But then the gradniions to these latter were 
by such connected steps, as left no. room for doubt, but 
that all these phenomena were equally occasioned by stars 


variously dispersed in the immense expanse of the uni 


verse. 

In the same paper is given an account of some nebulous 
stars, one of which is thus described: 44 Nov. 13, 1700. 

A most singular phenomenon! A star of the 8th magni¬ 
tude, with a faint luminous atmosphere, of a circular form, 

and of about 3' in diameter. The star is perfectly in the 
centre, and the atmosphere is so diluted, iaint, and equal 
throughout, that there can be no surmise of its consisting 
of stars, nor can there be a doubt ot the evident connection 
between the atmosphere and the star. Another star, not 
much less in brightness, and in the same field of view with 
the above, was perfectly free from any such appearance. 
Hence Dr. H. draws the following consequences : granting 
thi! connection between the star and the surrounding ne¬ 
bulosity, if it consist of stars very remote, which gives the 
nebulous appearance, the central star, which is visible, 
must be immensely greater than the rest ; or it the central 
star be no larger than common, how extremely small and 
compressed must be those other luminous points which 
occasion the nebulosity. As, by the former supposition, 
the luminous central point must lar exceed the standard 
of what wc call a star ; so in the latter, the shining mat¬ 
ter about the centre will be too small to come under the 
same denomination ; we therefore either have a central 
body which is not a star, or u Mar which is involved in a 
shining fluid, of a nature totally unknown to us/' This 
last opinion Dr. II. adopts. 

Light reflected from tkc star could not be seen at this 
distance. Besides, the outer parts are nearly as bright as 
those near the star. Further, a cluster of stars will not so 
completely account for the mildness or soft tint of the light 
of these nebula?, as a self-luminous lluid. What a field of 
novelty, says Dr. 11., is here opened to our conceptions ! 

A shining fluid, of a brightness sufficient to reach us from 
the regions of a star of the 8th, J)lh, 1 Oth, llih, 12lh inag- 
nitude ; and of an extent so considerable as to take up 3, 

4, 5, or 0 minutes in diameter. He conjectures,that this 
shining fluid may be composed of the light perpetually 
emitted from millions of stars. See Philos. 1 runs. an. 
179I, pm 1* or my Abridg. vol. 17* pa. 18. 

In the vol. for 1811, pa.269, Dr. Hcrschel 1ms much 
farther continued his observations into the nature, con¬ 
struction, and uses of nebulous matter. Ho shows that it 
is distributed through the immensity of space, in quantities - 
inconceivably great, and in separate ejections of all 
shaped and sizes, and of all degrees of brightness, between 
a mere milky appearance and that of a fixed star. He 
states substantial reasons for conceiving that the whole 
furniture of the universe is furnished and formed out of 
collections of it; that itls naturally opaque though self- 
shining ; that by its central gravitation each collection 
gradually becomes more pnd more condensed, and more 
and more rounded in its form ; that from the cxcentricity 
of its shape, and gravitation, it acquires gradually n rotary 
motjon; that probably this condensation, and roundness, 
and rotation, go on continually increasing, till the mass 
come to a hard or firm consistence, and receive all the 
other characters of a comet or a planet; that by a still 
further process of condensation, the body becomes u real 
star self-shining; and that thus, the waste of the celestial 
bodies, by the perpetual diffusion of their light, is conti¬ 
nually compensated and restored, by new formations of 
such bodies, to replenish for ever the universe with planets 
aftd stars! m ■ 
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Dr. H. has again returned to this prolific subject, in a 
paper communicated to the Royal Society, and read at their 
meetings Feb. 24, and March S, 1814. He here relates 
his observations on the relative magnitudes of the stars, 
considering those of the first magnitude to he equal to our 
sun ; determined the magnitudes and changes in the ap¬ 
pearance of a great number of fixed stars ; gave a history 
of the alterations which he has noticed in the aspect of the 
sidereal heavens, during the last 30 years ; and described 
those stars which have increased in magnitude or bril- 
liancy, have lost or acquired surrounding nebulae, or ha\e 
had wings, or tails, or other peculiarities. He seems of 
opinion that new sidereal bodies are in a constant and pro¬ 
gressive state of formation; that nebulous appearances 
gradually assume a globular form. He considers the ori¬ 
gin and progress of sidereal bodies to be nearly in the fol¬ 
lowing order : first, vague and indistinct nebula?, like the 
milky-way ; 2d, detached or clustered nebula*, which con¬ 
solidate into clusters of stars; 3dly, these stars, becoming 
more definite, appear with nebulous appendages, in the 
different forms of wings, tails, &c ; and lastly, that all are 
finally concentrated into one clear, bright, and large star. 

NEEDHAM (John Tubeuville), a respectable phi¬ 
losopher and catholic divine, was born at London Decem¬ 
ber 10, 1713. His father possessed a considerable patri¬ 
mony atHilston, in the county of Monmouth, being of the 
catholic branch of the Needham family, and who died 
young, leaving but a small fortune to his four children. 
Our author, who was the eldest son, studied in the English 
college of Douai, where he took orders, taught rhetoric for 
several years, and surpassed all the other professors of 
that seminary in the knowledge of experimental philo¬ 
sophy. 

In 1740, he was engaged by his superiors in the service 
of the English mission, and was intrusted with the di- , 
rcction of the school erected at Twyford, near Winches¬ 
ter, for the education of the Roman Catholic youth.— 
In 1744 he was appointed professor of philosophy in flic 
English college at Lisbon, whero, on account of his bad 
health, he remained only 15 months. After his return, he 
passed several years at London and Paris, which were 
chiefly employed in microscopical observations, and in 
other branches of experimental philosophy. The results 
of these observations and experiments were published in 
the Philos. Trans, in the year 1749# and in a volume in 
12mo at Paris in J750;and an account of them was also 
given by M. Buffbn, in the first volumes of his natural 
history. An intimate connection subsisted for a long 
time between Mr. Needham and this illustrious French 
naturalist: they made their experiments and observations 
together; though the results and systems which they do- 
duced from the same objects and operations were totally 
different. J 

Mr. Ncedharn was elected a member of the Royal So¬ 
ciety of London in the year 1747* and of the Antiquarian 
Socie ty some time after.—From the year 1751 to 1767 ho 
was chiefly employed in finishing the education of several 
English and Irish noblemen, by attending them as tutor 
in their travels through France, Italy, and other countries. 
He then retired from this'wandering life to the English 
seminary at Paris, and in 1768 was chosen by the Royal 
Academy of Sciences in that city a corresponding member. 

When the regency of the Austrian Netherlands, for 
the revival of philosophy and literature in that country, 
formed the project of an Imperial Academy, which was 


preceded by the erection of a small literary society to pre¬ 
pare the way for its execution, Mr. Needham was united 
to Brussels, and was appointed successively chic! director 
of both these foundations; an appointment which he la id, 
together with some ecclesiastical preferments in the Low 
Countries, till his death, which happened December the 
30th 1781. 

Mr. Needham's papers inserted in the Philosophical 
Tranasctions, were the following, viz; 

1. Account of Chalky Tubuloua Concretion®, called 

w 

Malm: vol.42.—2. MicroscopicalObservationson Worms 111 
SmuttyCorn:vol.42.—3.Electrical Experiments lately made 
at Paris: vol. 44.—4. Account of M. Button's Mirror, 
which burns at 66 feet: ib. —5. Observations on the - 
neration, Composition, and Decomposition of Animal and 
Vegetable Substances: vol. 45.—6. On the Discovery of 
Asbestos in France: vol 51. 

Other works printed at Paris, in French, are, 

1. New Microscopical Discoveries: 1745. 

2. The same enlarged : 1730. 

3. On Microscopical, and the Generation of Organized 
Bodies: 2 vols, 1709- 

NEEDLE, Magnet ical, denotes a needle, or a slender 
piece of iron or steel, touched with a loadstone ; which, 
when freely suspended on a pivot or centre,'on. which it 
plays, settles at length in a certain direction, either 
duly, or nearly nortli-aml-south, and called the magnetic 
meridian. Magnetical needles are of two kinds; horizon¬ 
tal and inclinatory. 

Horizontal Needles, are those equally balanced on 
each side of the pivot which sustains them; and which, 
playing horizontally, with their two extremes, point out 
the north and south parts of the horizon. 

Construction of a Horizontal Needle. Having pro¬ 
cured a thin light piece of pure steel, about 6 inches long, 
a perforation is made in the middle, over which a brass 
cap is soldered on, having its inner cavity conical, so as 
to play freely on the stile or pivot, which has a line steel 
point. To give the needle its verticity, or directive faculty, 
it is rubbed or stroked leisurely on each pole of a magnet, 
from the south pole towards the north ; first beginning 
with the northern end, and going hack at each repeated 
stroke towards the south : being careful not to give a 
stroke in a contrary direction, which would counteract 
the power it had already obtained. Also the hand should 
not return directly back again the same way it came, but 
should return in a kind of oval figure, carrying it about 
6 or 8 inches beyond the point where the touch ended, 
but not beyond on thte side where the touch begins. 

Before touching, the north end of the needle, in our 
hemisphere, is made a little lighter than the other end ; 
because the touch always destroys an exact balance, and 
thus causing the needle to dip. And if, ufter touching, 
the needle be out of its equilibrium, something must he 
filed off from the heavier side, till it bo found to balance 
evenly. 

Needles may also acquire the magnetic virtue by mentis 
of artificial magnetic bars in the following manner : Lav 
two equal needles parallel, and about an inch asunder, 
with the north end of one and the south end of the other 
pointing the same way, and upply two conductors in con¬ 
tact with their ends: then, with two magnetic hard bars, 
one in each hand, and held as nearly horizontal ns can l>c\ 
with the upper ends, of contrary nuines, turned outwards 
to the right and left, let a needle be stroked or rubbed 
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from the middle to both ends at the same time, for ten or 
twelve times, the north end of it bar going over the south 
end of a needle, and the south end of a bar going over the 
north end of a needle: then, without moving from the 
place, change hands with the bars, or in the same hunds 
turn the oilier ends downwards, and stroke the other 
needle in the same manner ; so will they both be magneti- 
cal. But to make them still stronger, repeat the opera¬ 
tion three or four times from needle to needle, and lastly 
turn the lower side of each needle upwards, and repeat 
the operations of touching them, as on the former sides. 

The needles that were formerly applied to the compass, 
on board merchant-ships, were formed of two pieces ol 
steel wire, each being bent in the middle, so as to form 
an obtuse angle, while their ends, being applied together, 
make an acute one, so that the whole represented the form 
of a lozenge. Dr. Knight, who has so much improved 
the compass, found, by repeated experiments, that partly 
from the foregoing structure, and partly from the unequal 
hardening of the ends, these needles not only varied from 
the true direction, but from one another, and from them¬ 
selves.—Also the needles formerly used on hoard the men 
of war, and some of the larger trading vessels, were made 
of one piece of steel, of a spring temper, and broad to¬ 
wards the ends, but tapering towards the middle. Every 
needle of this form is found to have six poles instead of 
two, one at each end, two where it becomes tapering, and 
two at the hole in the middle. 

To remedy these errors and inconveniences, the needle 
which Dr. Knight contrived for his compass, is a slender 
parallelopipcdon, being quite straight and square at the 
ends, and so has only two poles ; but the curves arc a 
little confused about the hole in the middle, though it is, 
upon the whole, the simplest and best.—Mr. Micliell sug¬ 
gests, that it would be useful to increase the weight and 
length of magnetic needles, which would render them 
both more accurate and permanent; also to cover them 
with a coat of linseed oil, or varnish, to preserve them 
from rust.—needle may be prepared occasionally with¬ 
out touching it on u loadstone: for a fine steel sewing-nee¬ 
dle, gently laid on the water, or delicately suspended in 
the air, will take the north-and-south direction.—Thus 
also a needle heated in the fire, and cooled again in the 
direction of the meridian, or only in an erect position, 
acquires the same faculty. 

Declination or Variation of the Needle, is the devia¬ 
tion of the horizontal needle from the meridian ; or the 
angle it makes with the meridian, when freely suspended 
in an horizontal plane. A needle is always changing the 
line of its direction, traversing slowly to certain limits to¬ 
wards the east and west sides of the meridian, k was at 
first thought that the magnetic needle pointed due north; 
but it was observed by Cabot and Columbus that it had a 
deviation from the north, though they did not suspect that 
this deviation had itself a variation, and was continually 
changing. This change in the variation was first observed, 
according to Bond, by Mr. John Mair, secondly by Mr. 
Gunter, and thirdly by Mr. Gcllibrand, by comparing to¬ 
gether the observations made at different times near the 
same place by Mr. Burrowes, Mr. Gunter, and himself, 
on which subject he published a discourse in 1635. Soon 
after this, Mr. Bond ventured to deliver the rate at which 
the variation changes for several years ; by whicli he fore¬ 
told that at London in 1657 there would be no variation 
of the compass, and from that time it would gradually 
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ncrease the other way, or towards the west, making ap¬ 
parent vibratory motions between certain limits; which 
happened accordingly: and upon this variation he proposed 
a method of finding the longitude, which has been further 
improved by many others since his time, though with very 
little success. See \ ariation. 

The period of the variation, according to Mr. Henry 
Philips, is only 370 years, but Mr. Bond 600 years, and 
their yearly motion 36 minutes. The first good obser¬ 
vations of the variation were made by Burrowes, about 
the year 1580, w hen the variation at London was 11° 15' 
cast; and since that time the needle has been moving to 
the westward at that place; also by the observations of 
different persons, it has been found to point, at different 
times, as below : 

Yean. Observers. Varuc. E. or W. 

1580 Burrowes - - 11° 15' East. 

1622 Gunter - 5 56 

1634- Gcllibrand - 4 3 

1640 Bond - • - 3 7 

1657 Bond - - 0 0 

1665 Bond - 1 23 West 

1666 Bond - - 1 .36 

1672 - 2 30 

1683 - 4 30 

1692 - 6 00 

1723 Graham - 1+17 

1747 - ' s 17 40 

1774 Royal Society - 21 16 

1775 Royal Society - 21 43 

1776 Royal Society - 2147 

1777 Royal Society - - 22 12 , 

1778 Royal Society - 22 20 

1779 Royal Society - 22 28 

1780 Royal Society - 22 41 

1804 Royal Society - 24 10 

1805 Royal Society - 24 8 

1806 Royal Society - 24 9 

1807 Royal Society - 24 10 

1808 Royal Society - 24 12 

1812 Royal Society - 24 1G 

By this tabic it appears that, from the first observations 

in 1580 till 1657. the* change in the variation was 11° 15' 
in 77 years, which is at the rate nearly of 9' a year; and. 
from 1657 till 1780, or the space of 123 years, it changed 
22° 41', which is at the rate of 11' a year nearly; which 
it may be presumed is very near the truth. 

The variation and dip of the needle was for many years 
carefully observed by the Royal Society while they met 
at Crnnc-court; but were discontinued for many years 
after removing to their new apartments in Somerset-place ; 
though they have lately been there renewed again. 

Dipping, or Inclinatory Needle, is a needle to show 
the dip of the magnetic needle, or how far it points below 
the horizon. 

The inclination or dip of the needle wns first observed 
by Robert Norman, a coinpuss-makcr at Ratcliffe; and 
according to him, the dip nt that place, in the year 1576, 
was 71° 50' J and at the Royal Society it was observed 
for some years lately as'follows: 

viz. in 1776 - 72° 30' 

1778 72 25 

1780 - 72 17 

1805 70 25 

1808 - 70 1 
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Mr. Henry Bond makes the variation and dip of the 
needle depend on the same motion of thc-magnctic poles 
in their revolution, and upon it he founded a method of 
discovering the longitude at sea. 

NEEP Tides. See Neap Tides. 

NEGATIVE, in Algebra, something marked with the 
sign — , or minus, as being contrary to such as are positive^ 
or marked with the sign plus, -f- ; as negative powers and 
roots, negative quantities, &c. See Poweh, Hoot, Quan¬ 
tity, £cc. 

N ro ATI ve Sign, the sign of subtraction —, or that which 
denotes something in defect. Stilel is the first author I find 
who used ibis mark — for subtraction, or negation; be¬ 
fore? his time, the word minus itself was used, or else its 
initial m. 

The use of the negative sign in algebra, is attended with 
several consequences which at first sight arc not admitted 
without some difficulty, and has sometimes given occasion 
to notions that seem to have no real foundation. This sign 
implies, that the real value of the quantity represented by 
the letter to which it is prefixed, is to bc-subtractcd ; and 
it serves, with the positive sign, to keep in view what ele¬ 
ments or parts enter into the composition of quantities, 
and in what manner, whether as increments or decrements, 
that is whether by addition or subtraction, which is of 
great use in algebra. 

lienee, it serves to express a quantity of an opposite 
quality to a positive; such as a line in a contrary posi¬ 
tion, a motion with opposite direction, or a centrifugal 
force in opposition to gravity; and thus it often saves the 
trouble of distinguishing, and demonstrating separately, 
the various cases of proportions, and preserves their ana¬ 
logy in view. But as the proportions of lines depend on 
their magnitude only, without regard to their position ; and 
motions and forces are said to be equal or unequal, in any 
given ratio, without regard to their directions; and in ge¬ 
neral the proportion of quantities relates to their magni¬ 
tude only, \\ ilhout determining whether they are to be con¬ 
sidered as increments or decrements; so there is no ground 
to imagine any other proportion of a and — 5, than 
that of the real magnitudes of the quantities represented by 
a and b 9 whether these quantities arc, in any particular 
case, to be added or subtracted. 

As to the usual arithmetical operations of addition, 
subtraction, &c, the case is different, as the effect of the 
negative sign is here to be carefully attended to, and is. to 
be considered always as producing, in those operations, 
an effect directly opposite to the positive sign. Thus, it is 
the same thing to subtract a decrement, as to add an 
equal increment, or to subtract — b from a — 6, is to add 
-t- b to it; and because multiplying a quantity by a ne¬ 
gative number, implies only a repeated subtraction of it, 
the multiplying — 6 by — n, is subtracting — b as often as 
there are units in n, and is therefore equivalent to adding 

b so many times, or the same as adding nb. But if 
we infer from this, that I is to — n as — b to nb , accord¬ 
ing to the rule, that unit is to one of the factors as the 
other factor is to the product, there is not ground to ima¬ 
gine that there is any mystery in this, or any other mean¬ 
ing than that the real quantities represented by 1 , u, b , and 
nb are proportional. For that rule relates only to the 
magnitude of the factors and product, without determin¬ 
ing whether any factor, or the product, is additive or sub¬ 
tractive. But this must be determined in algebraic com¬ 


putations; and this is the proper use concerning the signs, 
without which the operation could not proceed. Be¬ 
cause a quantity to be subtracted is never produced, in 
composition, by any repeated addition of a positive, or re¬ 
peated subtraction of a negative, a negative square num* 
her is never produced by composition from a root. Hence 
the or the square root of a negative, implies an 

imaginary quantity, and in resolution is a mark or charac¬ 
ter ot the impossible cases of a problem, unless it is com¬ 
pensated by another imaginary symbol or supposition, for 
then the whole expression may have a real signification. 
'I hus 1 y'-], and 1 — — 1, taken separately, are 

both imaginary, but yet their sum is the number 2 : as the 
conditions that separately would render the solution of a 
problem impossible, in some cases destroy each other’s 
effect when conjoined. In the pursuit of general conclu¬ 
sions, and of simple forms for representing them,expressions 
of this kind must sometimes arise, where the imaginary 
symbol is compensated in a manner that is not always so 
obvious. By proper substitutions, however, the expression 
may be transformed into another, wherein each particular 
term may have a leal signification, as well as the whole 
expression. 

The theorems that are sometimes briefly discovered by 
the use of this symbol, may be demonstrated without it 
by the inverse operation, or some other way ; and though 
such symbols are of great use in the computations in the 
method of fluxions, trigonometry, &c, their evidence can¬ 
not he said to depend upon any arts of this kind. See 
Maclaurin’s Fluxions, book 2, chap. 1 ; Masercs's Use of 
the Negative Sign, Ludlam's Algebra, and Carnot’s Geo¬ 
metric de Position. 

For the rules or ways of using the negative sign in the 
several rules of algebra, see those rules severally, viz. Addi¬ 
tion, Subtraction, Multiplication, &c. And for the 
method of managing the roots of negative quantities, sec 
Impossibles. 

NEIL (William), an ingenious mathematician, son of 
Sir Paul Neil, usher of the privy chamber to King Charles 1, 
and was grandson of Dr. ltd. Neil, archbishop of Y'ork. 
He was born Dec. 7, 1637, and was educated at Oxford, 
in Wadhum-collcge, under Dr. Wilkins; by whose instruc¬ 
tions, and those of Dr. Seth Ward, he greatly improved 
his genius in mathematics. Ilis success in that study 
appeared as early as 1657, at 19 years of age, when he, 
first of any one, accurately rectified a curve line, the sc- 
micubical parabola, as was testified by the letters of Dr. 
Wallis, Lord Viscount Brouncker, and Sir Chr. Wren, 
printed in the Philos. Trans, an. 16/3, and my Abridg. 
vol. 2, pa. 1 1 2. —Mr. Neil became.an early member of the 
Royal Society, of which he was elected a fellow in 1663. 
And his Theory of Motion was communicated to the so¬ 
ciety in 1669.. But the further expectations, which had 
been conceived of his genius in mathematical and philoso¬ 
phical subjects, were disappointed by his early death, which 
happened 1670, in the 33d year of his age. 

NEPER. See Napier. 

NEWEL, the upright post that stairs turn about; being 
that part of the staircase which sustains the steps. 

NEWTON (Dr. John), an eminent English mathema¬ 
tician and divine, was the grandson of John Newton of 
Axmouth in Devonshire, and son of Humphrey Newton 
pf Oundle in Northamptonshire, where he was born in 
1622, After receiving the proper foundation of agraia- 
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fUiiiicnl education, lie was sent to Oxford, where he was 
entered a Commoner of St. Edmund s-hall in 1(>3^. He 
took the degree of bachelor of arts in l6+l ; and the year 
following lie was created master, in precedence to many 
students of quality, on account of his distinguished talents 
in the great branches of literature. Mis genius leading 
him strongly to astronomy and mathematics, he ap¬ 
plied himself diligently to those sciences, as well as to 
divinity, and made a great proficiency in them, which 
he found of some service to him during Cromwell's go¬ 
vernment. 

After the restoration of Charles the 2d, he reaped the 
fruits of his loyalty: being created doctor of divinity at 
Oxford, Sept. 1 66 1, he was made one of the king's chap¬ 
lains, and rector of Ross in Herefordshire, instead ol i\Ir. 
John Toomb* s, ejected for nonconformity, lie held this 
living till his death, which happened at Ross on Christmas 
day 1073, at 56* years of age. 

Mr. Wood gave him the character of a capricious and 
humorsoine person. However that be, his writings are a 
proof of his great application to study, ami a sufficient 
monument of his genius and skill in the mathematical sci¬ 
ences. 'I licse aie, 

1. Institutio Mathematical 1654, in 12mo. 

2. Tabul.x Mathematical 1654, in 12mo. 

3. Astl'onnmia liritunnica, &c : 1656, in 4to. 

4. Help to Calculation ; with Tables ol Declination, &c: 
l6‘57, 4to. 

5. Trigonoimtria Rritannicu, in 2 books; the one com¬ 
posed by our author, ami the other translated Iroin the 
Latin of Henry Gellihraml : 1058, folio. 

6. Chiliades Centum Logarithniorum, printed with, 

7. Geometrical Trigonometry: l6if). 

8. Mathematical Elements, 3 paits: l66o, 4to. 

<). A Perpetual Diary, or Almanac: l66C. 

10. On the Use of the Carpenter's Rule : 1667. 

1 1. Epheincrides, showing the interest ami rate of money 
at 6 per cent. &c: 1667. 

12. Chiliades Centum Lngarithmorum ct Tabula Par¬ 
ti 11 in Proportionaliutu : 1667. 

13. The Rule of Interest, or the Case of Decimal Frac¬ 
tions, &c, part 2 : 1668, Svo. 

14. School-pastimes for young children,&c: l66f), 8vo. 

15. Art of Practical Gauging, tec : 1669. 

16. Introduction to the art of Rhetoric: 16*71. 

17. The Art of Natural Arithmetic in Whole Numbers, 
and Fractions Vulgar and Decimal : 1671, 8vo. 

18. The English Academy : l677 f 8vo. • • < 

ip. Cosmography. 

20. Introduction to Astronomy. 

21. Introduction to Geography: l678,'ovo. 

NEWTON ( Sir Isaac), one of the greatest philosophers 

and mathematicians the world has produced, was bom at 
Woolstrop in Lincolnshire on Christmas day 1642. He 
was descended from the eldest branch of tho family of Sir 
John Newton, Bart, who were lords of the manor of Wool- 
strop, and had been possessed of the estate for about two 
centuries before; to which they had removed from West- 
ley in the same county, but originally they came from 
the town of Newton in Lancashire. Other accounts say, 
I think more truly, that he was the only child of Mr. 
John Newton of Colcsworth, near Grantham in Lincoln¬ 
shire, who had there an estate of about 120/. a year, 
which he kept in his own hands, Iiis mother was of the 


ancient and opulent family of the Ayscouglis, or Askews, 
ol the same county. Our author losing his lather while 
he was very young, the care of his education devolved on 
his mother, who, though she married again after his father’s 
death, did not neglect to improve by a liberal education 
the promising genius that was observed in her son. At I 2 
years of age, by the advice of his maternal uncle, he was 
sent to the grammar school at Grantham, where he 
made a good proficiency in the languages, and laid the 
foundation of his future studies. Even here was observed 
in him :i strong inclination to figures and philosophical 
subjects. One trait of this early disposition is told ot him : 
lie* had then a rude method of measuring the force of the 
wind blowing aguinst him, by observing how much farther 
he could leap in the direction ot the wind, or blowing on his 
back, than lie could leap the contrary way, or opposed to 
the wind : an early mark of his original infantine genius. 

After a few years spent here, his mother took him home; 
intending, as she had no other child, to have the pleasure 
of his company ; and that, after the .manner of his father 
before him, he should occupy hisown estate. But instead of 
attending to the markets, or the business of the farm, ho 
was occupied in studying and poring over his books, even 
by stealth, from his mother's ^knowledge. On one of these 
occasions his uncle discovered him one day in a hay-loft 
at Grantham, whither lie had been sent to the market, 
working n mathematical problem; and having otherwise 
observed the boy's mind to be uncommonly bent upon learn¬ 
ing, he prevailed upon his sister to part with him ; and he 
was accordingly sent, in l66(), to Trinity-college, in Cam* 
bridge, where his uncle, having himself been a member of 
it, had still many Iriends. Isaac was here noticed by Dr. 
Barrow, who was soon after appointed the first Lucasian 
professor of mathematics; and observing his bright genius, 
contracted a great friendship for him. At his outselling 
here, Euclid was first put into his hands, as usual, but 
that author was soon dismissed ; our uuthor's genius and 
, application soon rendering him master of the Elements: 
and as the analytical method of Descartes was then much in 
vogue, lie particularly applied to it, and Kepler's Optics, 
&c, making several improvements on them, which he en¬ 
tered on the margins of the books as he Went on, as his 
custom was in studying any author. 

Thus he was employed till the year 1664, when he 
opened away into his new method of Fluxions and Infinito 
Series ; and the same year took the degree of bachelor t>f 
arts. In the mean time, observing that the mathemati¬ 
cians were much‘engaged in the business of improving 
telescopes, by grinding glosses into one of the figures made 
by the three sections of a Cone, on the principle then ge¬ 
nerally entertained, that light was homogeneous, ho set 
himself to grinding of optic glasses, of other figures than 
spherical, having as yet no distrust of the hompgeneous 
nature of light: but not hitting presently on any thing in 
this attempt to satisfy his mind, he procured a glass prism, 
that he might try the celebrated phenomena of colours, 
discovered by Grimaldi not long before. lie was much 
pleased at first with the vivid brightness of the colours 
produced by this experiment; but after a while, consider¬ 
ing them in a philosophical way, with that circumspection 
which was natural to him, he was surprised to see them in 
an oblong form, which, according to the received rule of 
refractions, ought to be circular. At first he thought the 
irregularity might possibly be no more than accidental; 
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but this was what he could not leave without further in¬ 
quiry : accordingly, he soon invented an infallible method 
of deciding the question; and the result was, his New 
Theory of Light and Colours. 

However, the theory alone, unexpected and surprising 
as it was, did not satisfy him ; he rather conbidered the 
proper use that might be made ol it tor improving tele¬ 
scopes, which was his lirst design. To this end, having 
now discovered that light was not homogeneous, but an 
heterogeneous mixture of differently refrangible raj>, he 
computed the errors arising from this different rclrangi- 
bility; and, finding them to exceed some hundreds of times 
those occasioned by the circular figure of the glasses, lie 
threw aside his glass works, and took reflections into con¬ 
sideration. He was now sensible that optical instruments 
might be brought to any degree of perfection desired, in 
case there,could be found a reflecting substance which 
would polish as finely as*glass, and reflect as much light as 
glass transmits, and the art of giving it a parabolical figure 
be also attained : but these seemed to him very great diffi¬ 
culties; nay, he almost thought them insuperable, when 
he further considered, that every irregularity in a reflecting 
superficies makes the rays deviate 5 or 6 times more from 
their due course, than the like irregularities in a refracting 
one. 

Amidst these speculations, he was forced from Cam¬ 
bridge, in 1666 , by the plague; and it was more than two 
years before he made any further progress in the subject. 
However, he was far from passing his time idly in the 
country; on the contrary, it was here, at this time, that 
he first started the hint that gave rise to the system of the 
world, which is the main subject of the Principia. In 
his retirement, he was sitting alone in a garden, when 
some apples falling from a tree, led his thoughts upon the 
subject of gravity; and, reflecting on the power of that 
principle, he began to consider, that, as this power is not 
found to be sensibly diminished at the remotest distance 
from the centre of the earth to which we can rise, neither 
at the tops of the loftiest buildings, nor on the summits 
of the highest mountains, it appeared to him reasonable 
to conclude, that this power must extend much farther 
than is usually thought. #< Why not as high as the moon 
said he to himself; “ and if so, her motion must be in¬ 
fluenced by it; perhaps she is retained in her orbit by it: 
\ however, though the power of gravity is not sensibly 
weakened in the little change of distance at which wc can 
place ourselves from the centre of the earth, yet it is very 
possible that, at the height of the moon, this power may 
differ in strength much from what it is here.” To make 
an estimate what might be the degree of this diminution, 
he considered, that if the moon be retained in her orbit by 
the iorcc of gravity, no doubt the primary planets are 
carried about the sun by the like power; and, by com¬ 
paring the periods of the several planets with their dis¬ 
tances from the sun, he found, that if any power like gra¬ 
vity held them in their courses, its strength must decrease 
in the duplicate proportion of the increase of distance. 
This he concluded, by supposing them to move in perfect 
circles,'concentric to the sun, from which the orbits of 
the greatest part of them do not much differ. Supposing 
therefore the force of gravity, when extended to the moon, 
to decrease in the 6aine manner, he computed whether 
that force would be sufficient to keep the moon in her 
orbit. 

In this computation, being absent from books, be took 
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the common estimate in use among the geographers arid 
our seamen, before Norwood had measured the earth, 
namely, that 60 miles make one degree of latitude ; but 
as that is a very erroneous supposition, each degree con¬ 
taining about 69 ix °f our English miles, his computation 
upon it did not make the power of gravity, decreasing in 
a duplicate proportion to the distance, answerable to the 
power which retained the moon in her orbit : whence he 
concluded, that some other cause must at least join with 
the action of the power of gravity on the moon. Tor this 
reason lie laid aside, for that time, any further thoughts on 
the matter. Mr. Whistou (in his Memoirs, pu. bd) says, 
he told him that he thought Descartes's vortices might 
concur with the action of gravity. 

Nor did lie resume this inquiry on his return to Cam¬ 
bridge, which was shortly after. The truth is, his thoughts 
were now engaged on his newly projected reflecting tele¬ 
scope, of which he made a small specimen, with a metal¬ 
lic reflector spherically concave. It was but a rude essay, 
chiefly defective from the want of a good polish for the 
metal; which instrument is now in the possession of the 
Royal Society. In.166/ he was chosen fellow of his col¬ 
lege, and took the degree of master of arts. And in 
1669 * Dr. Karrow resigned to him the mathematical chair 
at Cambridge, the business of which appointment inter¬ 
rupted for a while his attention to the telescope : however, 
as his thoughts had been for some time chiefly employed 
upon optic*, lie made his discoveries in that science the 
subject of his lectures, f«>r the first three years after lie 
was appointed mathematical professor;, and having now 
brought his Theory of Light and Colours to a considera¬ 
ble degree of perfection, and having been elected a fellow 
of the Royal bociety in Jan. 1072, lie communicated it to 
that body, to have their judgment upon it; and it was 
afterwards published in their Transactions, viz, of Feb. 19 # 
1672 . This publication occasioned a dispute upon the 
truth of it, which gave him so much uneasiness, that he 
resolved not to publish any thing further for a while on 
the subject; and in that resolution, he laid up his Opti¬ 
cal Lectures, though he had prepared them for the press. 
And the Analysis by Infinite Series, which he had intend¬ 
ed to subjoin to them, unhappily for the world, under¬ 
went the same fate, and for the same reason. 

In this temper he resumed his telescope; and observing 
that there was no absolute necessity for the parabolic 
figure of the glasses, since, if metals could be ground truly 
spherical, they would be able to bear as great apertures 
as men could give a polish to, he completed another in¬ 
strument of the same kind. This answering the purpose 
so well, as, though only half a foot in length, to show the 
planet Jupiter distinctly round, with his four satellites, 
and also Venus horned, he sepL it to the Royal Society, 
at their request, together with *a description ot it, with 
further particulars; which were published in the Philoso¬ 
phical Transactions for March l67‘2. Several attempts 
were ulso made by that society to bring it to perfection ; 
but, for want of a proper composition of metal, and a 
good polish, nothing succeeded, and the invention lay 
dormant, till Hadley made his Newtonian telescope in 
1723. At the request of Leibnitz, in 1676, he explained 
his invention of Infinite Series, and took notice how far 
lie had improved it by his Method of Fluxions, which 
however he still concealed, and particularly on this occa¬ 
sion, by a transposition of the letters tliat make up the 
two fundamental propositions of it 9 into an alphabetical.' 
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order; tlio loiters concerning which are inserted in Col¬ 
lins's Comnuicinin rfpistolicuin, printed 1/12. In the 
winter between the years 16/6 and 107 7* he discove red ^ 
the grand proposition, that, by a centripetal lorce acting 
t< <'iprocally as the square ot the distance* a planet must 
revolve m an ellipsis, about the centre ,oI lorce placed in 
its lower focus, and, by a radius drawn to that centre, 
describe areas proportional to the times. In 1680 he 
made several astronomical observations on the comet 
that then appeared ; which, lor some considerable time, 
he took not to be one and the same, but two different 
comets; and on this occasion several letters passed be¬ 
tween him and Mr. Flamsteed. 

Me was still under this mistake, when he received a 
letter from Dr. Hooke, explaining the nature of the line 
described by a falling body, supposed to be moved circu¬ 
larly by the diurnal motion of the earth, and perpendicu¬ 
larly by the power of gravity. This letter put him on 
inquiring anew what was the real figure in which such a 
body moved; and that inquiry, convincing him of An¬ 
other mistake which he had before fallen into concerning 
that figure, put him upon resuming his former thoughts 
with regard to the moon; and Picart having not long be¬ 
fore, viz, in 1679. measured a degree of the earth with 
sufficient accuracy, by using his measures, that planet ap¬ 
peared to be retained in her orbit by the sole power of 
gravity ; and consequently that this power decreases in the 
duplicate ratio of the distance; as he had formerly con¬ 
jectured. On this principle, he found the line described 
by a falling body to be an ellipsis, having one focus in the 
centre of the earth. And finding by this means, that the 
primary planets really moved in such orbits as Kepler had 
supposed; he had the satisfaction to sec that this inquiry, 
which he had undertaken at first out of mere curiosity, 
could be applied to the greatest purposes. Hereupon he 
drew up about a dozen propositions, relating to (Jic mo¬ 
tion of the primary planets round the sun, which were 
communicated to the Royal Society in the latter end of 
1683. Becoming thus known to Dr. Halley, that gentle¬ 
man, who had attempted the demonstration in vain, ap¬ 
plied, in August 1684, to Newton, who assured him that 
he had absolutely completed the proof. This was also 
registered in the books of the lloyal Society ; at whose 
earnest solicitation Newton finished the work, which was 
printed under the care of Dr. Halley, and came out about 
midsummer 1687* under the title of, Philosophise Natu- 
ralis Principia Mathematical, containing in the third book, 
the Cometic Astronomy, which had been lately discovered 
by him, and now made its first appearance in the world ; 
a work which may be considered as the production of a 
celestial intelligence, rutber than of a man. 

This work however, in which the great author has built 
a new system of natural philosophy on the most sublime 
geometry, did not meet at first with all the applause it de¬ 
served, and which it was destined one day to receive. 
Two reasons concurred in producing this effect: Descartes 
had then got full possession of the opinion of the scientific 
world. His philosophy was indeed the creature of a fine 
imagination, gaily dressed out: he had given her likewise 
some of nature's fine features, and painted the rest to a 
seeming likeness of her. On the other hand, Newton had 
with an unparalleled penetration, and force of genius, 
pursued nature up to her most secret abode, and was in¬ 
tent to demonstrate her residency to others, rather than 
anxious to describe particularly the way by which he ar* 
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rived at it himself: he finished his piccetn that elegant 
conciseness, which had justly gained the ancients univer¬ 
sal esteem. In fact, the consequences How with such ra¬ 
pidity from the principles, that the reader is often left to 
supply a lone chain of reasoning to connect them : so that 
it required some time before the world could understand 
it. The best mathematicians were obliged to study it 
with care, before they could make themselves master of 
it; and those of a lower rank durst not venture upon it, 
till encouraged by the testimonies of the more learned. 
Rut at last, when its value became sufficiently known, the 
approbation which had been so slowly gained, became uni¬ 
versal, and nothing was to be heard Irom all quarters, but 
one general burst of admiration. “ Does Mr. Newton 
oat, drink, or sleep-like other men?’' says the marquis 
dc 1’Hospitul, (one of the greatest mathematicians of the 
age,) to the English who visited him. 44 I represent him 
to myself as a celestial genius entirely disengaged from 
matter." 

In the midst of these profound mathematical researches, 
just before his Principia went to the press in 1686, the 
privileges of the university being attacked by James the 2d, 
New ton appeared among its most strenuous defenders, and 
was on that occasion appointed one of their delegates to 
the high-commission court; .whore they made such a de¬ 
fence, that James thought proper to drop the affair. Our 
author was also chosen one of their members for the Con¬ 
vention-Parliament in 1688, in which he sat till it was 
dissolved. 

Newton’s merit was well known to Mr. Montague, inon 
chancellor of the exchequer, and afterwards earl of lion- 
fax, who had been educated ut the same college with him ; 
and when he undertook the great work of recoining the 
money, he fixed his eye upon Newton for an assistant in 
it; and accordingly, in 1696, he was appointed warden 
of the mint, in which employment, he rendered very sig¬ 
nal service to the nation. And three years after lie was 
promoted to be master of the mint, a place worth 12 or 
15 hundred pounds per annum, which lie held till his 
death. On this promotion, he appointed Mr. Whiston 
his deputy in the mathematical professorship at Cam¬ 
bridge, giving him the full profits of the place, which ap¬ 
pointment itself he also procured for him in 1703. The 
same year our author was chosen president of the Royal 
Society, a situation which he held till his death, having 
then presided over it for 25 years; he had also been 
chosen a member of the lloyal Academy of Sciences at 
Paris in 1699, as soon as the new regulation was made 
for admitting foreigners into that society. 

From the first discovery of the heterogeneous mixture 
of light, and the production of colours thence arising, he 
had employed a great part of his time in bringing the ex¬ 
periment, on which the theory is founded, to a degree of 
exactness that might satisfy himself. The truth is, this 
seems to have been his favourite invention; 30 years he 
had spent in this arduous* task, before he published it in 
' 1704. In infinite series and fluxions, ojid in the power 
and rule of gravity in preserving the solar system, there 
had been some, though distant hint9, given by others be¬ 
fore him : whereas in dissecting a ray of light into its pri¬ 
mary constituent particles, which then admitted of no 
further separation; in the discovery of the different refran- 
gibility of these particles thus separated; and that these 
constituent rays hud each its own peculiar colour inhe¬ 
rent in it; that rays falling in the same angle of incidence 
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have* alfcrnnte fits of reflection and refraction ; that bodies 
are rendered transparent by the minuteness of their pores, 
and become opaque by having them large; and that the 
most transparent body, by having an extreme thinne ss, 
will become less pervious to the light : in all these, which 
make up his new theory of light and colours, lie was ab¬ 
solutely and entirely the first inventor ; and as the subject 
is of the most subtle and delicate nature, he thought it 
necessary to be himself the last finisher of it. 

In fact, the affair that chiefly employed his researches 
for so many )ears, was far from being confined to the 
subject of light alone. On the contrary, all that we 
know of natural bodies, seemed to be comprehended in 
it ; he had found out, that there was a natural action at 
a distance between light and other bodies, by which both 
the reflections and refractions, as well as inflections, of 
the former, were constantly produced. To ascertain the 
force and extent of this principle of action, was what had 
all along engaged his thoughts, and what after all, by its 
extreme subtlety, escaped his most penetrating spirit. 
However, though he has not made so full a discovery of 
this principle, which directs the course of light^as he has 
in regard to the power by which the planets are kept in 
their courses; yet he gave the best possible directions for 
sucli as should be disposed to carry .on the w ork, and fur¬ 
nished matter abundantly sufficient to animate them to 
the pursuit. He lias indeed hereby opened a way ofpassing 
from optics to an entire system of physics ;and, if we con¬ 
sider his queries as containing the history of a great man’s 
first thoughts, even in that view they must be always at 
least entertaining and curious. 

This same year, and in the same book with his Optics, 
lie published, for the first time, his Method of Fluxions. 

It has been already observed, that these two inventions 
were intended for the public so long before ns 1672 ; but 
were laid by then, in order to prevent his being engaged 
on that account in a dispute about them. And it is not 
a little remarkable, that even now this last piece proved 
the occasion of another dispute, which continued for many 
years. Ever since 1684, Leibnitz seems to have claimed 
the honour of having first invented this method.—Newton 
saw his design from the beginning, and had sufficiently 
obviated it in the first edition of the Principia, in 16*87 
(viz, in the Scholium to the 2d lcinina of the 2d hook) : 
and with the same view, when lie now published that 
method, he took occasion to acquaint the world, that he 
invented it in the years 16*65 and 1666. In the Acta 
Kruditorum of Lcipsic, where an account .is given of this 
book, the author of that account ascribed the invention 
to Leibnitz, intimating that Newton borrowed it from 
him. .Dr. Keill, the astronomical professor at Oxford, 
undertook Newton’s defence; and after several answers 
on both sides, Leibnitz complaining to the Koyal Society, 
this body appointed a committee of their members to ex¬ 
amine the merits of the case. These, after considering 
all the papers and letters relating to the point in contro¬ 
versy, decided in favour of Newton and Keill; as is re¬ 
lated at large in the life of this last-mentioned gentleman; 
and these papers themselves were published in 1712, under 
the titlcofCommerciuin Epistolicum JohannisCollins,Svo. 

In 1705, the honour of knighthood was conferred upon 
our author by queen Anne, in consideration of his great 
merit. And in 1714 he was applied to by the House of 
Commons, for his opinion on a new method of discovering 
the longitude at sea by signals, which had been laid before 
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them by Ditton and Winston, in order to procure iheii 
encouragement; but the petition was thrown aside on 
rending Newton’s paper delivered to the committee. 

The following year, 1715, L< ibniu, with the vuw of 
bringing the world more easily into the belief that New¬ 
ton had taken the method ot fluxions from his differential 
method, attempted to foil Ins mathematical skill by the 
famous problem of the trajectories, which he therefore 
proposed to the English b\ waj of challenge ; but the 
solution of this, though the most difficult proposition lie 
was able to devise, and what mL:ht pass for an arduous 
aiiair to any other, yet was hardly any more than an 
ummement to Newton's pc nctrating genius : he received 
the problem at 4 o'clock in the afternoon, as he was re¬ 
turning from the Mint; and, though extiemely fatigued 
with business, yet lie finished the solution before lie went 
to bed. 

As Leibnitz was privy-counsellor of justice to the elector 
of Hanover, so when that prince was raised to the British 
throne, Newton came more under the notice of the court; 
and it was for the immediate satisfaction of George the 
First, that he was prevailed on to put the last hand to the 
dispute about the invention of fluxions. In this court, 
Caroline princess of Wales, afterwards queen-consort to 
George the Second, happened to have a curiosity lor phi¬ 
losophical inquiries; no sooner therefore was she inform¬ 
ed of our author’s attachment to the house of Hanover, 
than she engaged his conversation, which soon endeared 
him to her. Here she found in every difficulty that full 
satisfaction, which she had in vain sought for elsewhere; 
and she was often hoard to declare publicly, that she 
thought herself happy in coming into the world at a junc¬ 
ture of time, which put it in her power to converse with 
him. It was at this princess’s solicitation, that he drew 
up an abstract of bis Chronology ; a copy of which was 
at her request communicated, about 17 18, to signior 
Conti, a Venetian nobleman, then in England, on a 
promise to keep it secret. But notwithstanding this pro¬ 
mise, the abb6, % (vrlio 9 while here, had also affected to 
show a particular friendship for Newton, though privately 
betraying him as much as lay in his power to Leibnitz,) 
was no sooner got across the water into France, than he 
dispersed copies of it, and procured an antiquary to 
translate it into French, as well as to write a confutation 
of ir. This, being printed at Paris in 1725, was deli¬ 
vered as a present from the bookseller that printed it to 
our author, that he might obtain, as was said, his consent 
to the publication ; but though he expressly refused such 
consent, yet the whole was published the same year. 
Hereupon Newton found it necessary to publish a Defence 
of himself, which was inserted in the Philosophical Trans¬ 
actions. Thus he, who had so much all his life long been 
studious to avoid disputes, was unavoidably all his life¬ 
time, in a manner, involved in them ; nor did this last 
dispute even finish at his death, which happened the year 
following. Newton's paper was republished in 1726 at 
Paris, in French, w ith a letter of the abbe Conti in answer 
to it; and the same year some dissertations*were printed 
there by father Souciet against Newton's Chronological 
Index, an answer to which was inserted by Halley in the 
Philos. Trans. No. 397. 

Some time before this business, in his SOth year, our 
author was seized with an incontinence of urine, thought 
to proceed from the stone in the bladder, and deemed to 
be incurable. However, by the help of a strict regimen 
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and other precautions, which till then he never had oc¬ 
casion for, he procured considerable intervals of ease 
during the five remaining years of his lite. \cl he was 
not free from some severe paroxysms, which even forced 
out large drops of sweat that ran down his face. In these 
circumstances he was never observed to utter the least 
complaint, nor express the least impatience ; and as soon 
as he had a moment’s case, he would smile and talk with 
Ins usual cheerfulness. He was now obliged to rely upon 
Mr. Conduit, who had married Ids niece, tor the discharge 
of his office in the mint. Saturday morning March 18, 
17 *^ 7 , I it' r*ad the newspapers, and discoursed a long time 
with Dr. Mead his physician, having then the perfect use 
of all his senses and his understanding; but that night he 
entirely lost them, and did not recover them afterwards ; 
he died the Monday following, March 20, in the 85tli 
year of Ins age. His corpse lay m state in the Jerusalem- 
chamber, and on the 28th was conveyed into Westminster- 
abbey, the pall being supported by the lord-chancellor, 
the dukes of Montrose and Roxburgh, and the earls of 
Pembroke, Sussex, and Macclesfield. He was interred 
near the entrance into the choir on the left hand, where 
a stalely monument is erected to his memory, with a most 
elegant inscription upon it. 

Newton’s character has been attempted by M. Fon- 
tcnelleand Dr. Pemberton, the substance of which is as 
follows. He was of a middle stature, and somewhat in¬ 
clined to be fat in the latter part of his life. His coun¬ 
tenance was pleasing and venerable at the same time ; 
especially when lie took off his peruke and showed his 
white hair, which was pretty thick. He never made use 
of spectacles, ami lost but one tooth during his whole 
life. Bishop Atterbury says, that, in the whole air of 
Sir Isaac’s face and make, there was nothing of that pene¬ 
trating sagacity which appears in his compositions ; that 
he had something rather languid in his look and manner, 
which did not raise any great expectation in those who 
did not know him. 

} I is temper it is said was so equal and mild, that no 
accide nt could disturb it. A remarkable instance of which 
is related as follows. Sir Isaac had a favourite little dog, 
which he called Diamond. Being one day called out of 
his study into the next room, Diamond was left behind. 
When Sir Isaac returned, having been absent but a few 
minutes, he had the mortification to find, that Diamond 
having overset a lighted candle among some papers, the 
nearly finished labour of many years was in flames, and 
almost consumed to ashes. This loss, as Sir Isaac was 
then very far advanced in years, was irretrievable; yet, 
without once striking the dog, he only rebuked him with 
this exclamation, “Oh Diamond! Diamond! thou little 
knowest the mischief thou hast done V* Dr. Wallis (Algcb. 
p. 347) says, some papers on series and curves were ready 
for the press in I6’71, but by mischance were burnt. 

Newton was indeed of so meek and gentle a disposition, 
tind so great a lover of peace, that he would rather have 
chosen to remain in obscurity, than to have the culm of 
life ruffled by those storms and disputes, winch genius 
and learningaUvays draw upon those that are most eminent 
for them. 

I*roin his love of peace, no doubt, arose that unusunl 
kind of horror which he felt for all disputes: a steady 
unbroken attention, free from those frequent recoiling? 
inseparably incident to others, was his peculiar felicity; 
he knew it, and he knew the value of it. No wonder 
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then that controversy was looked on as his banc. When 
some objections, hastily made to his discoveries concern¬ 
ing light and colours, induced him to la} aside* the design 
he had taken of publishing bis Optical Lectures, we find 
him reflecting on ih.it dispute, into winch he bad been un¬ 
avoidably drawn, in these terms : 41 1 blamed my own 
imprudence for parting with so real a blessing as my quiet, 
to run aftoi a shadow . 99 It i> tiu» this shadow, as Fon- 
tenelle ob>cr\es * id not escape him afterwards, nor did 
it cost him that quiet which he so muc h valued, but proved 
as much a real happiness to him as Ins quiet itself ; yet 
tins was a happiness of his own making: he took a reso¬ 
lution from these disputes, not to publish any more con¬ 
cerning that theory, nil he had put it above the reach of 
controversy, by the most exact experiments, and the 
strictest demonstrations; and accordingly it has never 
been called in question since. In the same temper, after 
lie had sent tlie manuscript to the Royal Society, with his 
consent to the printing of it by them ; yet upon Hooke’s 
injuriously insi>ting that he himself hud demonstrated 
Kepler’s problem before our author, he determined, rather 
than be involved again in controversy, to suppress the third 
book; and he was very hardly prevailed on to alter 
that resolution. It is true, the public was thereby a 
gainer ; that book, which is indeed no more than a corol¬ 
lary of some propositions in the first, being originally 
drawn up in the popular way, with a design to publish it 
in that form ; whereas he was now convinced that it would 
be best not to let it go abroad without a strict demon¬ 
stration. 

In contemplating Newton’s genius, it presently becomes 
a doubt, which of these endowments had the greatest 
share, sagacity, penetration, strength, or diligence; and, 
after all, the murk that seems most to distinguish it is, that 
he himself made thejustest estimation of it, declaring, 
that if he had done the world any service, it was due to 
nothing but industry and patient thought; that he kept 
the subject of consideration constantly before him, and 
waited (ill the first dawning opened gradually, by little 
and little, into a full and clear light. It is said, that 
when he had any mathematical problems or solutions in 
his mind, he would never quit the subject on any account. 
And his servant has said, when he lias been getting tip in 
n morning, lie lias sometimes begun to dress, and with 
one leg in his breeches, sat down again on the bed, where 
he has remained for hours before he lias got his clothes 
on : and that dinner has been often three hours ready for 
him before he could be brought to table. 

.After all, notwithstanding his nnxiou9 care to prevent in¬ 
terruption in Ins intense application to study, he could ne¬ 
vertheless, when occasion required it,lay aside his thoughts, 
though engaged in the most intricate researches, when his 
other affairs required his attention; and, ns soon as he had 
leisure, resume the subject at the point where he had leftofT. 
This he seems to hnve done not so much by any ojttraor- 
dinnry strength of memory, os by the force of his inventive 
faculty, to which every thing opened itself again with ease, 
if nothing intervened to ruffle him. The readiness of his in¬ 
vention made him not think of putting his memory much 
to the trial ; but this wn^the offspring of a vigorous in- 
tcnscncss of thought, out of which lie was but a common 
man. He spent therefore the prime of his age in those 
abstruse researches, when his situation in n college gave 
him leisure, and while study was his proper business. 
But as soon as he was removed to the mint, he applied 
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himself chiefly to the duties of that office ; and so far quit¬ 
ted mathematics and philosophy, as not to engage in any 
pursuits of cither kind afterwards. 

Dr. Pemberton observes, that though his memory was 
much decayed in the last yours of his life, yet he perfectly 
understood his own writings, contrary to what I had 
formerly heard, says the doctor, in discourse from many 
persons. This opinion of theirs might arise perhaps from 
his not being always ready at speaking on these subjects, 
when it might be expected he should. But on this head 
it inay be observed, that great geniuses are often liable to 
be absent, not only in relation to common life, but with 
regard to some of the parts of science that they are best 
informed of: inventors seem to treasure up in their minds 
wbat they have found out, after another manner than those 
do the same things who have not this inventive faculty. 
The former, when they have occasion to produce their 
knowledge, are in some measure obliged immediately to 
investigate part of what they want; and for this they are 
not equally tit at all times: from whence it has often hap¬ 
pened, that such as retain things chiefly by means of a 
very strong memory, have appeared olf-hand more expert 
than the discoverers themselves. 

It was evidently owing to the samcinvcntive faculty that 
Newton, as this writer found, had read fewer of the mo¬ 
dern mathematicians than one could have expected ; his 
own prodigious invention readily supplying him with what 
lie might have occasion for in the pursuit of any subject 
be undertook. However, he often censured the handling 
of geometrical subjects by algebraic calculations; and bis 
book of algebra he called by the name of Universal Arith¬ 
metic, in opposition to the injudicious title of Geometry, 
which Descartes had given to the treatise in which he 
shows how the geometrician may assist his invention by 
such kind of computations. He frequently praised Slusius, 
Barrow, and-Huygens, for not being influenced by the 
false taste which then began to prevail. He used to com¬ 
mend the laudable attempt of Hugo d'Omeriquc to restore 
the ancient analysis; and very much esteemed Apollo¬ 
nius's book Dc Scctionc Rationis, for giving us a clearer 
notion of that analysis than we had before. Dr. Barrow 
may be esteemed as having shown a compass of invention 
equal, if not superior, to any of the moderns, our author 
only excepted : but Newton particularly recommended 
Huygens’s style and manner : he thought him the most 
elegant of any mathematical w riler of modern times, and 
the truest imitator of the ancients. Of their taste and 
mode of demonstration our author always professed him¬ 
self a great admirer; and even censured himself for not 
following them yet more closely than lie did ; and spoke 
with regret of his mistake at the beginning of his mathe¬ 
matical studies, in applying himself to the works of Des¬ 
cartes, and other algebraic writers, before he had consi¬ 
dered the Elements of Euclid with that attention which so 
excellent a writer deserves; 

But if this was a fault, it is certain it was a fault to 
which we owe both his great inventions in speculative ma¬ 
thematics, and the doctrine of fluxions and infinite scries. 
And perhaps this might be one reason why his particular 
reverence for the ancients is omitted by Pontenelle, who 
however certainly makes some amends by that just clo- 
gium which he makes of our author's modesty, which 
amiable quality he represents as standing foremost in the 
character of this great man's mind and manners. It was 
in reality greater than can be easily imagined, or will be 


readily believed : yet it always continued so without anj 
alteration ; though the whole world, says Fontcriclle, con¬ 
spired against it; let us add, though he was thereby rob¬ 
bed of his invention of fluxions. Nicholas Mercator pub¬ 
lishing his Logarithmotechnia in 1008, where he gave the 
quadrature of the hyperbola by an infinite series, which 
was the first appearance in the learned world of a series 
of this sort drawn from the particular nature of the curve, 
and that in a manner very new and abstracted ; Dr. Bar- 
row, then at Cambridge, where Newton, then about Q6 
years of age, resided, recollected, that he had met with the 
same thing in the writings of that young gentleman ; and 
there not confined to the hyperbola only, but extended, 
by general forms, to all kinds of curves, even such as are 
mechanical ; to their quadratures, their rectifications, and 
their centres of gravity; to the solids formed by their ro¬ 
tations, and to the superficies of those solids ; so that, 
when their determinations were possible, the series stopped 
at a certain point, or at least their sums were given by 
stated rules: and if the absolute determinations were im¬ 
possible, they could yet be infinitely approximated ; which 
is the happiest and most refined method, says Fontcncllc, 
of supplying the defects of human knowledge that mail’s 
imagination could possibly invent. To be master of so 
fruitful and general a theory was a mine of gold to a geo¬ 
metrician ; but it was a greater glory to have been the 
discoverer of so surprising and ingenious u system. So 
that Newton, finding by Mercator s book, that he was in 
the way to it, and that others might follow in his track, 
should naturally have been forward to open his treasures, 
and secure the property, which consisted in making the 
discovery; but he contented himself with his treasure 
which he had found, without regarding the glory. What 
an idea does it give us of his unparalleled modesty, when 
wc find him declaring, that lie thought Mercator had en¬ 
tirely discovered his secret, or that others would, before he 
should become of a proper age for writing ! His manu¬ 
script on infinite series was communicated to none but 
Mr. John Collins and the lord Brounker, then president of 
the Royal Society, who had ulso done something in this 
way himself; and even that had not bpen complied with, 
but for Dr. Barrow, who would not suffer him to indulge 
his modesty so much as he desired. 

It is further observed, concerning this part of his cha¬ 
racter, that he never talked either of himself or others, 
nor ever behaved in such u manner, as to give the most 
malicious ccnsurers the least occasion even to suspect him 
of vanity. He was candid and affable, and always put 
himself upon a level with his company. lie never thought 
cither his merit or his reputation sufficient to excuse hitn 
from any of the common offices of social life. No singu¬ 
larities, cither natural or affected, distinguished him from 
other men. Though he was firmly attached to the church 
of Engluud, he was averse to the persecution of the non¬ 
conformists. He judged of men by their manners ; and 
the true schismatics, in his opinion, were the vicious and 
the wicked. Not that heconfined his principles to natural 
religion, for it is said he was thoroughly persuaded of the 
truth of revelation ; and umidst the great variety of books 
which he hud constantly before him, that which he studied 
with the greatest application was the Bible, at least in the. 
latter years of his life : and he understood the nature and 
force of moral certainty as well as he did that of a strict 
demonstration. 

Sir Isaac did not neglect the opportunities of doing good, 
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'when the revenues <>f his patrimony and a profitable em¬ 
ployment, improved by a prudent oeconomy, put it in his 
pow er. We have two remarkable instances of his bounty 
and generosity ; one to Mr. Maclaurin, extra prolessor of 
mathematics at Edinburgh, to entourage w hose appoint¬ 
ment he offered CO pounds a-ycnr to that office ; and the 
otln r to Ins niece Barton, upon w hom he had settled an 
annuity of 100 pounds per annum. When decency on 
any occasion required expense and show, he was magnifi¬ 
cent without grudging it: at all other times, that pomp 
w hich seems great to low* minds only, was utterly retrench¬ 
ed, and the expense reserved for better uses.—On tins 
head it may be remarked however, as a curious fact, that 
by an order of council, dated Jan. 28, 1075, (which was 
3 years after liis election into the Royal Society,) it was 
ordered, that lie should be excused from making the usual 
weekly payments (one shilling per week), on account of 
his low circumstances, as he represented. 

Newton never married; and it has been said, that 
if perhaps he never had leisure to think of it; that, being 
immersed in profound studies during the prime of bis ago, 
and afterwards engaged in an employment of great im¬ 
portance, and even quite taken up w ith the company which 
Ins merit diew to him, he was not sensible of any vacancy 
in life, nor of the want of a companion at home.” These 
however do not appear to be any sufficient reasons for his 
never marrying, if he had had an inclination so to do. It 
is much more likely that he had a constitutional indiffer¬ 
ence to the state, and even to the sex in general ; and it 
has even been said of him, that he never once knew wo¬ 
man.—Me left at his death, it seems, 32 thousand pounds; 
but he made no will, which, Eontenelle tells us, was be¬ 
cause lie thought a legacy was no gift.— As to his works, 
besides what were published in Ins life-time, there were 
found after bis death, among his papers, several discourses 
on the subjects of antiquity, history, divinity, chemistry, 
and mathematics : several of which were published at dif¬ 
ferent times, as appears from the following catalogue of all 
his works ; where they are ranked in the order of time in 
which those upon thcsan\o subject were published. 

1. Several Papers relating to his Telescope, and his 
Theory of Light and Colours, printed in the Philosophical 
Transactions, Nos. 80, 81 , 82, 83, 84, 85, 88, 9b, 97, 
110, 121, 123, 128; or vols. 6, 7, 8, 9t 10, 11. 

2. Optics, or a Treatise of the Reflections, Refractions, 
# and Inflections, and the Colours of Light; 1704, 4to.— 

A Latin translation by Dr. Chirkc; 1706, 4to.—And a 
French translation by Pct.Costc, Amst. 1729,2vols 12mo. 
—Beside several English editions in 8vo. 

3. Optical Lectures; 1728, 8vo.—Also in several Letters 
to Mr. Oldrnburg, secretary of the Royal Society, inserted 
in the General Dictionary, under our author’s article. 

4.. Lcctioncs Optica:; 1729, 4to. , 

5. Naturalis Philosophise Principia Mathematica; 1687, 
4to.—A second edition in 1713, with a Preface, by Roger 
Cotes.—The 3d edition in 1726, under the direction of Dr. 
Pemberton.—An English translation, by Mottc, 1729, 2 
volumes 8vo, printed in several editions of his works, in 
different nations, particularly an edition, with a large 
Commentary, by the two learned Jesuits, Le Seur and 
Jacquier, in 4 volumes 4to, in 1739, 1740, and 1742. 

6. A System of the World, translated from the Latin 
original; 1727, 8vo.—This, as has been already observed, 
W'us at first intended to make the third book of his Princi¬ 
pia, an English translation by tyotte, 1729, 8vo# 


7. Several Letters to Mr. Flamsteed, Dr. Halley, and 
Mr. Oldenburg.—See our author’s article in the General 
Dictionary. 

8. A Paper concerning the Longitude; drawn up by 
order of the House of Commons ; ibid. 

f). Abrege do Chronologic, See ; 1726, under the di¬ 
rection of the abbe C6nti, together with some observa¬ 
tions upon it. 

10. Remarks on the Observations made upon a Chro¬ 
nological Index of Sir I. Newton, See. Philos. Trans, vol. 
33. See also the same, vol. 34 and 35, by Dr. Halley. 

11. The Chronology of Ancient Kingdoms amended, 
See ; 1728, 4to. 

12. Arithmetica Universalis, Sec ; under the inspection 
of Mr. Wliiston, Cantab. 1707, and again in 1722, Svo. 
Printed I think without the author’s consent, and even 
against his will : an offence which it seems was never for¬ 
given. There are also English editions of the same, par¬ 
ticularly one by Wilder, with a Commentary, in 1769 , 

2 vols Svo. And a Lutin edition, with a Commentary, by 
Castilion, 2 vols 4to, Amst. &c. 

13. Analysis per Quantitatum Scries, Fluxiones, ct 
Differentias, cum Enuineratione Linearum Tertii Onlinis ; 
1711, 4to ; under the inspection of W. Jones, Esq. f. n. s. 
—The last tract had been published before, together with 
another on the Quadrature of Curves, by the Method of 
Fluxions, under the title of Tractatus duo de Spccicbtis 
et Magnitudinc Figurarum Curvilincarum ; subjoined to 
•he first edition of his Optics in 1704 ; and other letters 
in the Appendix to Dr. Gregory’s Catoptrics, &c, 1735, 
Svo.— Under this head may be ranked Newtoni Genesis 
Curvarum per Umbras; Leyden, 1740. 

14. Several Letters relating to his Dispute with Leib¬ 

nitz, on bis Right to the Invention of Fluxions^ printed 
in the Commercium Epistolicum D. Johannis Collins ct 
aliorum dc Analysi Promota, jussu Socictatis Regiae 
editum ; 1712, 8vo. • 

15. Postscript and Letter of M. Leibnitz to the Abb6 
Conti, with Remarks, and a Letter of his own to that Abbe; 
1717, 8vo. To which was added, Raphson’s History of 
Fluxions, as a Supplement. 

16. The Method of Fluxions, and Analysis by Infinite 
Series, translated into English from the original Latin; to 
which is added, a Perpetual Commentary, by the translator 
Mr. John Colson; 1736, 4to. 

17 . Several Miscellaneous Pieces, and Letters, as fol* 
low:—( 1 ) A Letter to Mr. Boyle on ihc subject of the 
Philosopher’s Stone. Inserted in the General Dictionary,, 
under the article Boyle. —(2) A* Letter to Mr. Aston, 
containing directions for his travels; ibid, under our au¬ 
thor’s article.—(3) An English Translation of a Latin 
Dissertation on the Sacred Cubit of the Jews. Inserted 
among the miscellaneous works of Mr. John Greaves, 
vol. 2, published by Dr. Thomas Birch, in 17$7> 2 vols. 
8vo. This Dissertation was found subjoined to a work 
of Sir Isaac’s, not finished, entitled Lexicon Prophcti- 
curn.—(4) Four Letters from Sir Isaac Newton to Dr. 
Bentley, containing some arguments in proof of a Deity; 
1756, 8vo.—(5) Two Letters to Mr. Clarke, &c. 

18. Observations on the Prophecies of Daniel and the 
Apocalypse, of St. John; 1733, 4to. 

19- Tables for purchasing College Leases; 17*2, 12mo. 
20. Corollaries, by Whiston. 

. 21. A Collection of several pieces of our author’s, under 
Jho following tijle, Newtoni Is. Opuscula Mathematica 
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Philos, ct Philol. collegit J. Castilioneus; Laus. 1744, 4to, 
8 tomes. 

22. Two Treatises on the Quadrature of Curves, and 
Analysis by Equations ct' an Infinite Number of Terms, 
explained : translated by John Stewart, with a large Com¬ 
mentary ; 1745, 4to. 

23. Description of an Instrument for observing the 
Moon's Distance from the Fixed Stars at Sea. Philos. 
Trans, vol. 42. 

24. Newton also published Barrow’s Optical Lectures, 
in I6p9* 4to: and Bern. Varenii Geographia, 6cc; 
1681, 8vo. . 

25. The whole works of Newton, published by Dr. 
Horsley; 1779* 4to, in 5 volumes. 

The following is a list of the papers left by Newton at 
his death, as mentioned above. 

A Catalogue of Sir Isaac Newton's Manuscripts and 
Papers, as annexed to a Bond, given by Mr. Conduit, to 
the Administrators of Sir Isaac; by which he obliges him¬ 
self to account for any profit he shall make by publishing 
any of the papers. 

Dr. Pellet, by agreement of the executors, entered 
into Acts of the Prerogative Court, being appointed to 
peruse all the papers, and judge which were proper for the 
press. 

No. • t 

1. Viaticum Nautarum ; by Robert Wright. 

2. Miscellanea; not in Sir Isaac’s hand-writing. 

3. Miscellanea; part in Sir Isaac’s hand. 

4. Trigonometria; about 5 sheets. 

5. Definitions. 

6. Miscellanea; part in Sir Isaac’s hand. 

7. 40 sheets in 4to, relating to Church History. 

8. 120’ sheets written on one side, being foul draughts 

of the Prophetic Stile. 

9- 88 sheets relating to Church History. 

10. About 70 loose sheets in small 4to, of Chemical 

papers; some of which arc not in Sir Isaac’s 
hand. 

11 . About 62 ditto, in folio. 

12. About 15 large sheets, doubled into 4to; Che¬ 

mical. 

13. About-8 sheets ditto, written on one side. 

M. About 5 sheets of foul papers, relating to Che¬ 
mistry. 

15. 12 half-sheets of ditto. 

16. 104 half-sheets, in 4to, ditto. 

17* About 22 sheets in 4to, ditto. 

18. 24 sheets, in 4to, on the Prophecies. 

19* 29 half-sheets; being an answer to Mr. Hooke, on 
Sir Isaac's Theory of Colours. 

20. 87 half-sheets relating to the Optics, some of which 

arc not in Sir Isaac's hand. 

From No. 1 to No. 20 examined on the 20th of May 
1727, and judged not fit to be printed. 

T. Pellet. 

Witness Tho. PUkingtcm. 

21. 328 half-sheets in folio, and 63 in small 4to; being’ 

loose and foul papers relating to the Revelations 
and Prophecies. 

22. 8 half-sheets in small 4to, relating to Church Mat¬ 

ters. 

23. 24 half-sheets in small 4to; being a discourse re¬ 

lating to the 2d of King**. 

24. 353 half-sheets in folio, and 57 in small 4to; being 


foul ami loose papers relating to Figures and 
Mathematics. 

25. 201 half-sheets in folio, and 21 in small 4to; loose 

and foul papers relating to the Commerciutn 
Epistolicum. 

26 . 91 half-sheets in small 4to, in Latin, on the Tem¬ 

ple of Solomon. 

27. 37 half-sheets in folio, on the Host of Heaven, the 

Sanctuary, and other Church Matters. 

2S. 44 half-sheets in folio, on ditto. 

29- 25 half-sheets in folio; being a farther account of 
the Host of Heaven. 

30. 51 half-sheets in folio; being an Historical Account 

of two notable Corruptions of Scripture. 

31. 8S half-sheets in small 4to; being Extracts of 

Church History. 

32. 116 half-sheets in folio; being Paradoxical Ques¬ 

tions concerning Athanasius, of w hich several 
leaves in the beginning are very much damaged. 

33. 56 half-sheets in folio, Dc Motu Corporum; the 

greatest part not in Sir Isaac’s hand. 

34. 6l half sheets in small 4to; being various sections 

on the Apocalypse. 

35. 25 half-sheets in folio, of the Working of the Mys- 

v teryof Iniquity. 

36. 20 half-sheets in folio, on the Theology of the Hea¬ 

thens. 

37. 24 half-sheets in folio; being an Account of the 

Contest between the I lost of Heaven, and the 
Transgressors of the Covenant. 

38. 31 half-sheets in folio; being Paradoxical Ques¬ 

tions concerning Athanasius. 

39* 107 quarter-sheets in small 4to, on the Revela¬ 
tions. 

40 74 half-sheets in folio ; being loose papers relating 

to Church History. 

May 22, 1727* examined from No. 21 to No. 40 inclu¬ 
sive, and judged them not fit to be printed; only No. 33 
and No. 38 should be reconsidered. 

T. Pellet. 

Witness, Tho. Pilkington. 

41. l67 half-sheets in folio; being loose and foul papers 

relating to the Commercium Epistolicum. 

42. 21 half-sheets in folio ; being the 3d letter on Texts 

of Scripture, very much damaged. 

43. 31 half-sheets in folio ; being foul papers relating 

to Church Matters. 

44. 495 half-sheets in folio; being loose and foul pa¬ 

pers relating to Calculations and Mathematics. 

45. 335 half-sheets in folio; being loose and foul papers 

relating to the Chronology. 

46. 112 sheets in small 4to, relating to the Revelations 

and other Church Matters. 

47. 126 half-sheets in folio; being loose papers relating 

to the Chronology, part in English and part in 
Latin. 

48. 400 half-sheets in folio ; being loose mathematical 

papers. 

49* 109 sheets in 4to, relating to the Prophecies, and 
Church Matters. 

50. 127 half-sheets in folio, relating to the University; 

great part not in Sir Isaac's hand. 

51. 18 sheets in 4to; being Chemical papers. 

52. 255 quarter-sheets; being Chemical papers. 
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53. An Account of Corruptions of Scripture ; not in 

Sir Isaac’s hand. 

54. 31 quarter-sheets ; being Flam melt's Explication of 

Hieroglyph ical Figures. 

55* About 350 half-sheets; being Miscellaneous pa¬ 
pers. 

56. 6 half-sheets; being An Account of the Empires, 

Ac, represented by St. John. 

57. 9 half-sheets folio, and 71 quarter-sheets 4to; being 

Mathematical papers. 

58. 140 half-sheets, in y chapters, and 2 pieces In 

folio, titled. Concerning the Language of the 
Prophets. 

59 . 606 half-sheets folio, relating to the Chronology; 

9 more in Latin. 

60 . 182 half-sheets folio ; being loose papers relating to 

the Chronology and Prophecies. 

6 1. 144 quarter-sheets, and <;5 half-sheets folio; being 

loose Mathematical papers. 

62. 137 half-sheets folio ; being loose papers relating to 

the Dispute with Leibnitz. 

63. A folio Common-place book ; part in Sir Isaac’s 

hand. 

6-4. A bundle of English Letters to Sir Isaac, relating 
to Mathematics. 

65. 54 half-sheets; being loose papers found in the 

Principin. 

66 . A bundle of loose Mathematical Papers; not Sir 

Isaac’s. 

67 . A bundle of French and Latin Letters to Sir Isaac. 

68 . 136 sheets folio, relating to Optics. 

09 . 22 half-sheets folio, Do Rationibus Motuum, Ac ; 
not in Sir Isaac’s hand. 

70. 70 half-sheets folio ; being 'loose Mathematical 

Pupers. 

71. 38 liHlf-shcets folio ; being loose papers relating to 

Optics. 

72. 47 half-sheets folio ; being loose papers relating to 

Chronology and Prophecies. 

73. 40 half-sheets folio; Procestbs Mystcrii Magni 

Philosophicus, by Win. Yworth; not in Sir 
Isaac’s hand. 

74. 5 half-sheets; being a Letter from Uizzctlo to Mar- 

tine, in Sir Isaac’s hand. 

75. 41 half-sheets ; being loose papers of several kinds, 

part in Sir Isaac's hand. 

76. 40 half-sheets; being loose papers, foul and dirty, 

relating to Calculations. 

77- 90 half-sheets folio; being loose Mathematical 
papers. 

78. 176 half-sheets folio ; being loose papers relating to 

Chronology. 

79. 176 half-sheets folio; being loose papers relating to 

the Prophecies. 

C 12 half-sheets folio; An. Abstract of the Chro- 

80. J nology. 

(.92 half-sheets folio; The Chronology. 

81. 40 half-sheets folio; The History of the Prophe¬ 

cies, in 10 chapters, and part of the 11 th un¬ 
finished. 

82. 5 small bound books in 12mo, the greatest part 

not in Sir Isaac’s hand, being rough Calcula¬ 
tions. 

May 26th 1727, Examined from No. 41 to No. 82 in¬ 
clusive, and judged not fit to be printed, except No. 80, 


which is agreed to be printed, and part of No. 6 l, and 
81, which arc to be reconsidered. 

Th. Pellet. 

Witness, Tho. Pilkington. 

It is astonishing what care and industry Sir Isaac had 
employed about the papers relating to Chronology, Church 
History, Ac ; as, on examining the papers themselves, 
which arc in the possession of the family of the earl of Ports¬ 
mouth, it appears that many of them arc copies over and 
over again, often with little or.no variation; the whole 
number being upwards of 4000 sheets in folio, or 8 reams 
of folio paper; besides the bound books Ac in this cata¬ 
logue, of which the number of sheets is not mentioned. 
Of these there have been published only the Chronology, 
and Observations on the Prophecies of Dunicl and the 
Apocalypse of St. John. 

Many other curious particulars concerning Sir Isaac 
Newton, may he seen in Air. Edmund Tumor’s Collections 
relating to the town of Grantham, published in 1806. 

NEWTONIAN Philosophy, the doctrine of the universe, 
or the properties, laws, affections, actions, forces, motions, 
Ac, of bodies, both celestial and terrestrial, as delivered by 
New ton. 

This term however is differently applied; which has given 
occasion to some confused notions relating to it. For some 
authors, under this .crm, include all the corpuscular phi¬ 
losophy, considered as it now stands reformed and cor¬ 
rected by the discoveries and improvements made in seve¬ 
ral parts of it by Newton. I 11 which sense it is, that 
Gravcsandc calls his Elements of Physics, Introductio ad 
Philosophiam Newtonianam. And in this sense the New¬ 
tonian is the same as the new philosophy; and stands 
contradistinguished from the Cartesian, the Peripatetic, 
and the ancient Corpuscular. 

Others, by Newtonian philosophy, mean the method or 
order used by Newton in philosophising ; viz, the reason¬ 
ing and inferences drawn directly from phenomena, ex¬ 
clusive of all previous hypotheses; the beginning from 
simple principles, and deducing the first powers and laws 
of nature from a few select phenomena, and then applying 
those laws Ac to account for other things. In this sense, 
the Newtonian philosophy is the same with the experimen¬ 
tal philosophy, or stands opposed to the ancient corpus¬ 
cular, and to all hypothetical and fanciful systems.— 
Others again, by this term, mean that philosophy to which 
physical bodies are considered mathematically, and where 
geometry and mechanics arc applied to the solution of 
phenomena. In which sense, the Newtonian is the same 
with the mechanical and mathematical philosophy.— 
Others, by Newtonian philosophy, understand thut of 
physical knowledge which Newton has handled, improved, 
and demonstrated.—And lastly, others, by this philoso¬ 
phy, mean the new principles which Newton has brought 
into philosophy; with the now system founded upon 
them, and the -new solutions of phenomena thence de¬ 
duced ; or that which characterizes and distinguishes his 
philosophy from all others. And this is the sense in 
which wo shall* here chiefly consider it. 

This philosophy was first published in the year 1687, 
'the author being then professor of mathematics in the uni¬ 
versity of Cambridge; a 2 d edition, with considerable ad¬ 
ditions and improvements, appeared in 1713; and a 3d in 
1726. Alt edition, with a very largo commentary, was 
published in 1739, by Lc Seur and Jncqnier; besides tho 
complete edition of all Newton’s works, with notes, by 

ft 



N E W 


[ 103 ] 


NEW 

Dr. Horsley, in 1779 &c. Several authors have endea¬ 
voured to make it plainer; by setting aside many ot the 
more sublime mathematical researches, and substituting 
either more obvious reasonings or experiments instead ot 
them ; particularly Whiston, in his Praelect. Phys. Ma- 
them.; Gravesancie, in Elem. et Inst.; Pemberton, in Ins 
View &c; and Maclaunn, in Ins Account of New ton s 
Philosophy. 

The chief parts of the Newtonian philosophy, as deli¬ 
vered by the author, except his Optical Discoveries &c, 
are contained in his Principia, or Mathematical Principle s 
of Natural Philosophy. He founds his system on the fol- 
lowing definitions. 1. Quantity of Matter, is the mea¬ 
sure of the same, arising from its density and bulk con¬ 
jointly.—Thus, air of a double density, in the same space, 
is double in quantity; in a double space, is quadruple in 
quantity ; in a triple space, is sextuple in quantity, N:c.— 
2. Quantity of Motion, is the measure of the same, arising 
from the velocity and quantity of matter conjunctly.— 
This is evident, because the motion of the whole is the 
motion of all its parts; and therefore in a body double in 
quantity, with equal velocity, the Motion is double, &c. 
—3. The Vis Insita, Vis Inertise, or innate force ot mat¬ 
ter, is a power of resisting, by which every body, as much 
as in it lies, endeavours to persevere in its present state, 
whether it be of rest, or moving uniformly forward in a 
right line.—This definition is proved to be just by expe¬ 
rience, from observing the difficulty with which any body 
is moved out of its place, upwards, or obliquely, or even 
downwards when acted oil by a body endeavouring to urge 
it quicker than the velocity given It by gravity ; and any 
how to change its state of motion or rest. And therefore 
this force is the same, whether the body have gravity or 
not; and a cannon-ball, void of gravity, if it could be, 
being discharged horizontally, will go the same distance 
in that direction, in the same time, as if it were endued 
with gravity.—4. An Impressed Force, is an action exerted 
on a body, in order to change itS'Slatc, whether of rest or 
motion.—This force consists in the action only ; and re 
mains no longer in the body when the action is over. For 
a body maintains every new state it acquires, by its vis 
inertia; only.—5. A Centripetal Force, is that by which 
bodies are drawn, impelled, or any way tend towaids a 
point, as to a centre. This may be considered of three 
kinds, absolute, accelerative, and motive.—6. The Abso¬ 
lute quantity of the centripetal force, is a measure of the 
same, proportional to the efficacy of the cause that urges 
it to the centre.—7. The Accelerative quantity of a cen¬ 
tripetal force, is the measure of the same, proportional to 
the velocity which it generates in a given time.—8. The 
Motive quantity of a centripetal force, is a measure of the 
same, proportional to the motion which it generates in a 
given time.—This is always known by the quantity of a 
force equal and contrary to it, that is just sufficient to 
hinder the descent of the body. 

After these definitions, follow certain Scholia, treating of 
the nature and distinctions of Time, Space, Place*, Motion, 
Absolute, Relative, Apparent, True, Real, &c. After 
which, the author proposes to show how wc arc to collect 
the true motions from their causes, effects, and apparent 
differences ; and vice verso, how, from the motions, either 
true or apparent, we may arrive at the knowledge.of their 
causes and effects. In order to this, he lays down the fol¬ 
lowing axioms or laws of motion. 

1st Law. Every body perseveres in its state of rest, or 


of uniform motion in a right line, unless it be compelled 
to change that state by forces impressed on it.— ill us, 

“ Projectiles persevere in their motions, so far as they are 
not retarded by the resistance c*l the air, or impelled 
downwards by the force «>t gravity. A top, whose parts, 
by their cohesion, are perpetually drawn aside from recti¬ 
linear motions, does not cease 11 ^ rotation otherwise than 
as it is retarded by the air or friction, «S:c. I he greater 
bodies of the planets and comets, meeting with less resist¬ 
ance in more free spaces, preserve their motions, both 
progressive and circular, for a much longer lime." 

2d Law. The Alteration of motion is always propor- , 
lional to the motive force impressed ; and is made in the 
direction of the right line in which that force is impressed. 
Thus, if any force generate a certain quantity of motion, a 
double force will generate a double quantity, whether that 
force be impressed all at once, or in successive moments. 

3d Law*. 'I o every action there is always opposed an 
equal re-action : or the mutual actions of two bodies upon 
each other, are always equal, and directed to contrary 
parts. Thus, whatever draws or presses another, is as 
much drawn or pressed by that other. If you press a 
stone with your linger, the linger is ulso pressed by the 
stone: «Scc. 

From this axiom, or law, Newton deduces the follow¬ 
ing corollaries.— 1. A body by two foiccs conjoined will 
describe the diagonal of a parallelogram, in the same time 
that it would describe the sides by those forces apart.— 
2. Hence is explained the composition of any one direct 
force out of any two oblique ones, viz, by making the two 
oblique forces the sides of a parallelogram, and the dia¬ 
gonal the direct one.—3. The quantity of motion, which 
is collected by taking the sum of the motions directed to¬ 
wards the same parts, and the difference ot those that are 
directed to contrary parts, suffers no change from (he 
action of bodies among themselves; because the motion 
which one body loses, is communicated to another.— 
4. The common centre of gravity of two or more bodies 
does not alter its state of motion or rest by the actions of 
the bodies among themselves; and therefore the common 
centre of gravity of all bodies, acting on each other, (ex¬ 
cluding external actions and impediments,) is either at rest, 
or moves uniformlyi in a right line.—5. The motions of 
bodies included in a given space arc the same among them¬ 
selves, whether that space be at rest, or move uniformly 
forward in a right line without any circular motion. The 
truth of this is evident from the experiment of a ship;* 
where all motions are just the same, whether the ship be 
at rest, or proceed uniformly forward in a straight line.— 
6. If bodies, any how moved among themselves, be urged 
in the direction of parallel lines by equal accelerative 
forces, they will all continue to move among themselves, 
after the same manner as if they had not been urged by 
such forces. 

The mathematical part of the Newtonian Philosophy 
depends chiefly oif the following lemmas; especially the 
first; containing the doctrine of prime and ultimate ra¬ 
tios.— Lem. 1. Quantities, and the ratios of quantities, 
which in any finite time converge continually to equality, 
and before the end of that time approach nearer the one 
to the other than by any given difference, become ulti? 
mately equal.— Lem. 2 shows, that in n space bounded by . 
two right lines and a curve, if an infinite number of paral¬ 
lelograms be inscribed, all of equal breadth; then the ul¬ 
timate ratio of the curve space and the sum of the parul- 
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lrlngrams will l>r a ratio ol equality.— Ixm. 3 shows, that 
the same rhing is true when the. bre adths of the parallelo¬ 
grams arc unequal. 

In the succeeding lemmas it is shown, in like manner, 
that the ultimate ratios of the sine, chord, ami tangent of 
arcs infinitely diminished, arc ratios of equality, and 
therefore that in all our reasonings about these, we may 
safely use the one for the other: — that the ultimate form • 
of evanescent triangles, made by the arc, chord, or tan¬ 
gent, is that of similitude, and their ultimate ratio is that 
of equality ; and hence, in reasonings about ultimate ra¬ 
tios. these triangles may safely tie used one lor another, 
whether they are made with the sine, the arc, or the tan¬ 
gent.—The author then demonstrates some properties of 
the ordinates of curvilinear figures; and shows that the 
fpaces which a body describes by any finite force urging 
it, whethe r that force is determined and immutable, or 
continually varied, arc to each other, in the very begin¬ 
ning of the motion, in the duplicate ratio of the forces: 
—and lastly, having added some demonstrations concern- 
in*' the evanescence of angles of contact, he proceeds to 
lay down the mathematical part of his system, which de¬ 
pends on the following theorems. 

Tnr.oit. 1. The areas which revolving bodies describe 
by radii drawn to an immoveable centre of force, lie in the 
ramc immove able planes, and are proportional to the time's 
in which they arc described.—To this prop, arc annexed 
several corollaries, respecting the velocities of bodies re¬ 
volving by centripetal forces, the directions and propor¬ 
tions of those forces, &c; such as, that the velocity of 
such a revolving body, is reciprocally ns the perpendicu¬ 
lar let fall from the centre of force upon the line touching 
the orbit in the place of the body, &c. 

Til non. 2. livery body that moves in any curve line 
described in a plane, and, by a radius drawn to a point 
either immoveable or moving forward with n uniform rec¬ 
tilinear motion, describes about that point arcus propor¬ 
tional tp the times, is urged by a centripetal force directed 
to that point.—With corollaries relating to such motions 
in resisting mediums, and to the direction of the forces 
when the areas are not proportional to the times. 

Tiieoh. 3. Kvtery body that, by a radius drawn to the 
centre of another body, any how moved, describes areas 
about that centre proportional to the times, is urged by a 
force compounded of the centripetal forces tending to that 
other body, and of the whole accelerative force by which 
that other body is impelled.—With several corollaries. 

Tifkoh. 4. The centripetal force of bodies, which by 
equal motions describe different circles, tend to the centres 
of the same circles; and arc one to the other ns the 
squares of the arcs described in equal times, applied to the 
radii of the circles.—With many corollaries, relating to 
the velocities, times, periodic forces, &c. And, in a scho¬ 
lium, the author further adds, Moreover, by means of the 
foregoing proposition and its corollaries, we may discover 
the proportion of a centripetal force to any other known 
force, such as that of gravity. For if a body by means of 
its gravity revolve in a circle, concentric to the earth, this 
gravity is the centripetal force of that body.—But from 
the descent of htfavy bodies, the tirnc-ofonc entire revolu¬ 
tion, as well os the arc described in any given time, .is 
given by a corol. to this prop. And by such propositions, 
Mr. Huygens, in his excellent book Dc Horologio Oscil- 
latorio, has compared the force of gravity with the centri¬ 
fugal forces of revolving bodies. 


On these, and such like principles, depends the New¬ 
tonian mathematical philosophy. The author further 
shows how to find the centre to which the forces impelling 
any body are directed, having the velocity of the body 
given: and finds that the centrifugal force is always as the 
versed sine of the nascent arc directly, and as the square 
of the time inversely ; or directly as the square of the ve¬ 
locity, and inversely as the chord ol the nascent arc. 
From these premises, he deduces the method ol finding 
the centripetal force directed to any given point when the 
body revolves in a circle; r.nd this, whether the central 
point be near, oral immense distance ; so that all the lines 
drawn from it may be considered as parallels. And he 
shows the same thing with regard to bodies revolving in 
spirals, ellipses, hyperbolas, or parabolas. He shows also, 
having the figures of the orbits given, how to find the ve¬ 
locities and moving powers ; ami indeed resolves all the 
most difficult problems relating to the celestial bodies with 
a surprising degree of mathematical skill. 1 hose problems 
and demonstrations arc all contained in the first book ol 
the ITincipia: but an account of them here would nei¬ 
ther be generally understood, nor easily comprised in the 
limits of this work. 

In the second book, Newton treats of the properties and 
motion of fluids, and their powers of resistance, with the 
motion of bodies through such resisting mediums, those 
resistances being in the ratio of any powers of the veloci¬ 
ties; and the motions being either made in right lines or 
curves, or vibrating like pendulums. And here he de¬ 
monstrates such principles as entirely overthrow the doc¬ 
trine of Descartes’s vortices, which was the fashionable 
system in his time ; concluding the book with these words: 

«• So that the hypothesis of vortices is utteily irrcconcile- 
ablc with astronomical phenomena, and rather serves to 
perplex than explain the heavenly motions. Mow these 
motions arc performed in free spaces without vortices, 
may be understood by the first book ; and I shall now 
more fully treatof it in the following book Of the System 
of the World."—In this second book he makes greut use 
of the doctrine of fluxions, then lately invented ; for which 
purpose he lays down the principles of that doctrine in the 
2d lemma, in these words : " The moment of any geni- 
tum, is equal to the moments of each of the generating 
sides drawn into the indices of the powers of those sides, 
and into their coefficients continuallywhich rule he de¬ 
monstrates, and then adds the following scholium con¬ 
cerning the invention of that doctrine: “In a letter ol mine," 
says he, “to Mr. J. Collins, dated December 10, 16*72, 
having described a method of tangents, which I suspected • 
to be the same with Slusius’s method,'which at that time 
was not made public ; I subjoined theso words : * 1 his is 
one particular, or rather a corollary, of a general method 
which expendk itself, without any troublesome calculation, 
not only to the drawing of tangents to any curve lines, 
whether geometrical or mechanical, or any how respecting 
right lines or other curves, but also to the resolving other 
nbstruscr kinds of problems about the curvature, areas, 
lengths, centres of gravity of curves, &c; nor ik it (as 
Huddon’s method demaximis ct minimis) limited to equa¬ 
tions which arc free from surd quantities. This method I 
have interwoven with that other of working inequations, 
by reducing them to infinite series/ So far that letter,. 
And these last words relate to a treatise I composed on 
that subject in the year 1671” Which, at least, is there¬ 
fore the date of the iuYcution of the doctrine of fluxions. 
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On entering upon the 3d book of the Principia, Newton 
briefly recapitulates the contents of the two former books 
in these words: 44 In the preceding books 1 have laid 
down the principles of philosophy ; principles not philo¬ 
sophical, but mathematical ; such, to wit, as we may 
build our reasonings upon in philosophical inquiries. 
These principles are, the laws and conditions of certain 
motions, and powers or forces, which chiefly have respect 
tQ philosophy. But lest they should have appeared 
themselves dry and barren, I have illustrated them here 
and there with some philosophical scholiums, giving an ac¬ 
count of such things as are of a more general nature, and 
which philosophy seems chiefly to be founded on ; such 
as the density and the resistance of bodies, spaces void of 
all matter, and the motion of light and sounds. It re¬ 
mains, he adds, that from the same principles I now dc- 
monstrale the frame of the system of the world. Upon 
this subject, I had indeed composed the 3d book in a po¬ 
pular method, that it might be read by many. But after¬ 
wards considering that such as had not sufficiently entered 
into the principles could not easily discern the strength of 
the consequences, nor lay aside the prejudices to which 
they had bien many years accustomed; therefore to pre¬ 
vent the disputes which might be raised on such accounts, 
I chose to reduce the substance of that book into the form 
of propositions, in the mathematical way, which should be 
read by those only, who had first made themselves masters 
of the principles established in the preceding books/' 

As a necessary preliminary to this 3d part, Newton lays 
down the following rub s for reasoning in natural philoso¬ 
phy:—I. We arc to admit no uioro causes of natural 
things, than such as arc both true and sufficient to explain 
their natural appearances.—2. Therefore to the same na¬ 
tural effects vve must always assign, as far as possible, the 
same causes.—3. The qualities of bodies which admit 
neither intension nor remission of degrees, and which arc 
tound to belong to all bodies within the reach of our Ex¬ 
periments, are to be esteemed the universal qualities of all 
bodies whatever.—4. In experimental philosophy, wc arc 
ta consider propositions collected by general induction 
Irom phenomena, ns accurately or very nearly true, not¬ 
withstanding any contrary hypotheses that inay be ima¬ 
gined, till such time us other phenomena occur, by which 
they may cither be made inure accurate, or liable to ex¬ 
ceptions. 

The phenomena first considered are, 1. That the satel¬ 
lites of Jupiter, by radii drawn to his centre, describe areas 
proportional to the times of description ; and that their 
periodic times, the fixed stars being at rest, arc in the 
sesquiduplicate ratio of their distances from that centre. 
2. I lie same thing is likewise observed of the phenomena 
ot Saturn. 3. The five primary planets, Mercury, Venus, 
Mars, Jupiter, and Saturn, with their several orbiu, en¬ 
compass the sun. 4. The fixed stars being supposed at 
rest, the periodic times of the said five primary planets, 
and of the earth, about the sun, arc in the sesquiduplicute 
propoi lion of tbeir mean distances from the sun. 5. The 
primary planets, by radii drawn to the earth, describe 
ureas no ways proportional to the times: but the areas 
which they describe by radii drawn to the sun are pro¬ 
portional to the times of description. 6. The moon, by 
a rudius drawn to the centre of the earth, describes an 
urea proportional to the time of description. All which 
phenomena are clearly evinced by astronomical ubserva- 
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lions. The mathematical demonstrations arc next applied 
by Newton in the followingpropositions. p 

Prop. 1. The forces by which the satellites of Jupiter 
are continually drawn off from rectilinear motions, and 
retained in their proper orbits, tend to the centre of that 
planet; and are reciprocally as the squares ot the distances 
ot those satellites from that centre.— Prop. 2. The same 
thing is true ot the primary planets, with respect to the 
sun’s centre.— Prop. 3. The same thing is also true of the 
moon, in respect of the earth's centre.— Prop. 4. The 
moon gravitates towards the earth ; and by the force of 
gravity is continually drawn off from a rectilinear motion, 
and retained in her orbit.— Prop. 5. The same thing is 
true of all the other planets, both primary and secondary, 
each with respect to the centre of its motion.— Prop. O. 
All bodies gravitate towards every planet; and the weights 
of bodies towards any one and the same planet, at equal 
distances from its centre, are proportional to the quanti¬ 
ties of matter they contain.— Prop. 7. '1 here is a power 
of gravity tending to all bodies, proportional to the seve¬ 
ral quantities of matter which they contain.— Prop. 8. 
In two spheres mutually gravitating each towards the 
other, if the matter in places on all sides, round ubout and 
equidistant from the centres, be similar ; the weight of 
either sphere towards the other, will be reciprocally as the 
square o! the distance between their centres.—Hence are 
compared together the weights of bodies towards different 
planets : hence.also are disco\crcd the quantities of mat¬ 
ter in the several planets : and hence likewise are found 
the densities of the planets.— Prop. y. The force of gra¬ 
vity, in parts downwards from the surface of the planets 
towards their centres, decreases nearly in the proportion 
of the distances from those centres. 

1 hesc, and many other propositions and corollaries, are 
proved or illustrated by a great variety of experiments, in 
nil the great points of physical astronomy ; such as, That 
the motions of the planets in the heavens may subsist an 
exceeding long time:—That the centre of the system of 
the world is immoveable :-*-That' the common centre of 
gravity of the earth, the sun, and ai? the planets, is im¬ 
moveable :—That the sun is agitated by o perpetual mo¬ 
tion, but never recedes far from the common centre of 
gravity of all the planets:—I bat the planets move in el¬ 
lipses which have their common focus in the centre of the 
sun; and, by radii drawn to that centre, they describe 
areas proportional to the times of description :—-The aphe¬ 
lions and nodes of the orbits of the planets are fixt :—To' 
find the aphelions, cxcentiicities, and principal diameters 
ot the orbits of the planets That the diurnal motions rf 
the planets are uniform, and that the libration of the moon 
arises from her diurnal motion:—-Of the proportion be¬ 
tween the axes of the planets and the diameters perpendi¬ 
cular to those axes ;—Of the weights of bodies in the dif¬ 
ferent regions of our earth *That the equinoctial points 
go.backwards, and that the earth’s axis, by a nutation in 
every annual revolution,, twice vibrate* towards the eclip¬ 
tic, and as often returns to its former position :—That all 
the motions of the moon, and all the inequalities of those 
motions, follow from the principles above luid down :— 
Of the unequal motions of the satellites of Jupitct and 
Saturn:—Of the flux and reflux of the sen, ns arising from 
the actions of the sun and moon :—Of the forces with 
which the sun disturbs the motions of the moon ; of the va¬ 
rious motions of the moon, of her orbit, variution, iuclin*- 
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• ions of firr orbit, nn<l the several motions of her nodes: 

—Of the tides, with the forces of the sun and moon to 
produce them :—Of the figure ot the moons body :—Ot 
the precession of the equinoxes :—And of the motions and 
trajectory of comets. I he great author then concludes 
with a general scholium, containing ictlcctions on the prin¬ 
cipal parts of the great and beautitul system of the uni¬ 
verse, and ol the infinite, eternal Creator and Governor 
of it. 

“ The hypothesis of vortices,” says he, 44 is pressed with 
many difficulties. That every planet by a radius drawn 
to the sun may describe areas proportional to the times 
of description, the periodic times of the several parts of the 
vortices should observe the duplicate proportion of their 
distances from the sun. But that the periodic times of 
the planets may obtain the "csquiduplicatc proportion of 
their distances from the sun, the periodic times of the parts 
of the vortex ought to he in the sesquiduplicatc proportion 
of their distances. That the smaller vortices may main¬ 
tain their lesser revolutions about Saturn, Jupiter, and 
other planets, and swim quietly and undisturbed in the 
greater vortex of the sun, the periodic tinus of the parts 
of the sun's vortex should be equal. But the rotation ot 
the sun and planets about their axes, which ought to cor¬ 
respond with the motions of their vortices, recede far from 
all these proportions. The motions of the comets are ex¬ 
ceeding regular, arc governed by the same laws with the 
motions of the planets, and can by no means be accounted 
for by the hypothesis of vortices. For comets arc carried 
with very cxcenrric motions through all parts of the hea¬ 
vens indifferently, with a freedom that is incompatible with 
f he notion of a vortex. 

“ Bodies, projected in our air, suffer no resistance but 
from the air. Withdraw the air, as is done in Mr. Boyle’s 
vacuum, and the resistance ceases. For in this void a bit 
of fine down and a piece of solid gold descend with equal 
velocity. And the parity of reason must take place in 
the celestial spaces above the earth's atmosphere; in 
which spaces, where there is no air to resist their motions, 
all bodies will move with the greatest freedom; and the 
planets and comets will constantly pursue their revolu¬ 
tions in orbits given in kind and position, according to the 
laws above explained. But though these bodies may in¬ 
deed persevere in their orbits by. the mere laws of gravity, 
yet they could by no means have at first derived the regu¬ 
lar position of the orbits themselves from those laws. 

“ The six primary planets are revolved about the sun, 
in circles concentric with the sun, and with motions di¬ 
rected towards the same parts, and almost in the same 
plane. Ten moons arc revolved about the earth, Jupiter 
•and Saturn, in circles concentric \yith them, with the 
same direction of motion, and nearly in the plaues of the 
orbits of those planets. But it is not to be conceived that 
mere mechanical causes could give birth to so many re¬ 
gular motions: 3ince the comets range over all parts of 
the heavens, in very cxcentiic orbits. For by that kind of 
motion they pass easily through the orbs of the planets, 
and with great rapidity; and. in their aphelion*, where 
they move the slowest, and are detained the longest, they 
recede to the greatest distances from each other, and' 
. thence suffer the least disturbance from their mutual at- 
ttnetions. This most, beautiful system of the sun, planets, 
and comets, could only proceed from the counsel and do¬ 
minion of an intelligent and powerful Being. And if the 


fixed stars arc the centres of other like systems, these 
bcino' formed by the like wise counsel, must be all subject 
to the dominion of one; especially, since the light of the 
fixed stars is of the same nature with the light of the sun, 
and from every system light passes into all the other sys¬ 
tems. And lest the system of the fixed stars should, by 
their gravity, fall on each other mutually, he hath placed 
those systems at immense distances one from another.” 

Then, after a truly pious and philosophical descant 
on the attributes ol the Being who could give existence and 
continuance to such prodigious mechanism, and with so 
much beautiful order and regularity, the great author pro¬ 
ceeds; “ Hitherto wc have explained the phenomena of 
the heavens and of our sea, by the power of gravity, 
but have not yet assigned the cause ol this power, i his 
is certain, that it must proceed from a cause that pene¬ 
trates to the very centres of the sun and planets, without 
suffering the least diminution of its force ; that it operates, 
not according to the quantity of the surfaces of the par¬ 
ticles upon which it acts (as mechanical causes do), but 
according to the quantity of the solid matter which they 
contain, and propagates its virtue on all sides, to immense 
distances, decreasing always in the duplicate proportion 
of the distances. Gravitation towards the sun, is made up 
out of the gravitations towards the several particles of 
which the body of the sun is composed ; and in receding 
from the sun, decreases accurately in the duplicate pro¬ 
portion of the distances, as far as the orb ot Saturn, as 
evidently appears from the quiescence of the aphelions of 
the planets; nay, and even to the remotest aphelions of 
the comets, if those aphelions arc also quiescent. But hi¬ 
therto 1 have not been able to discover the cause of those 
properties of gravity from phenomena, and I frame no 
hypotheses. For whatever is not deduced from the phe¬ 
nomena, is to be called an hypothesis; and hypotheses, 
whether metaphysical or physical, whether of occult qua¬ 
lities or mechanical, have no place in experimental philo¬ 
sophy. In this philosophy, particular propositions are in¬ 
ferred from the phenomena, and-nllerwards rendered ge¬ 
neral by induction. Thus it was that the impenetrability, 
the mobility, and the impulsive force of bodies, and the 
laws of motion and of gravitation, were discovered. And 
to us it is enough, that gravity does really exist, and act 
according to the laws which we have explained, and abun¬ 
dantly serves to account for all the motions of the celestial 
bodies, and of our sea. 

u And now wc might add something concerning a cer¬ 
tain most subtle spirit, which pervades and lies hid in all 
gross bodies, by the force and action of which spirit, the 
particles of bodies mutually attract one another at near 
distances, and cohere, if contiguous, and electric bodies 
operate to greater distances,.as well repelling as attracting 
the neighbouring corpuscles; and light is emitted, re¬ 
flected, refracted, inflected, and heats bodies; and all sen¬ 
sation is excited, and the members of animal bodies move 
at the command of the will, namely, by the vibrations of 
this spirit, mutually propagated along the solid filaments 
of the nerves, from the outward organs of'sense to the 
brain, and from the brain into the muscles. But those arts 
things that cannot be explained in few words, nor arc wo 
furnished with that sufficiency of experiments which is 
required to an accurate determination and demonstration 
of the laws by which this electric aud elastic spirit ope¬ 
rates/' 
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NICHE, a cavity, or hollow part, in the thickness of a 
wall, to place a figure or statue in. 

NICOLE (Francis), a celebrated French mathema¬ 
tician, was born at Paris December the 23*1, 1 (>83- His 
early attachment to the mathematics induced M. Mont- 
mort to take the charge of his education ; and he opened 
to him the way to the higher geometry. He first became 
publicly remarkable by detecting the fallacy of a pre¬ 
tended quadrature of the circle. This quadrature a M. 
Mathulon so assuredly thought he had discovered, that 
he deposited, in the hands of a public notary at Lyons, 
the sum of 3000 livres, to be paid to any person who, in 
the judgment of the Academy of Sciences, should de¬ 
monstrate the falsity of his solution. M. Nicole, piqued 
at this challenge, undertook the task, and exposing the 
paralogism, the Academy's judgment was, that Nicole 
bad plainly proved that the rectilineal figure which Ma¬ 
thulon had given as equal to the circle, was not only un¬ 
equal to it, but that it was even greater than the polygon 
pf 32 sides circumscribed about the circle.—The prize 
of 3000 livres, Nicole presented to the public hospital of 
Lyons. 

The Academy named Nicole, Eleve-Mechanician, 
March 12, 1707; Adjunct in 17 1 6, Associate in 1718, 
and Pensioner in 1724; which he continued till his 
death, which happened the 1 8th of January 1/38, at 73 
years of age. 

His works were all inserted in the different volumes of 
the Memoirs of the Academy of Sciences; and arc as 
follow : 

1. A General Method for determining the Nature of 
Curves formed by the Rolling of other Curves upon any 
Given Curve; in the volume for the year 1707-—2. A 
General Method for Rectifying all Roulets upon Right and 
Circular Rases; 1.703.—3. General Method of determin¬ 
ing the Mature of those Curves, which cut an Infinity of 
other Curves given in Position, cutting them always in a 
Constant Angle; 1713.—4. Solution of a Problem pro¬ 
posed by M. de Lagny; 1716*.—3. Treatise of the Cal¬ 
culus* of Finite Differences; 1717-—6. Second Part of 
the Calculus of Finite Differences;. 1723.—7. Second 
Section of ditto ; 1723.—8. Addition to the two fore¬ 
going papers; 1724.— f). New Proposition in Elementary 
Geometry; 1723.—10. New Solution of a Problem pro¬ 
posed to the English Mathematicians, by the late M. 
Leibnitz; 1/25.—11. Method of Summing an Infinity of 
New Scries, which arc not summablc by any other known 
method; 1727-—12. Treatise of the Lines of the Third 
Order, or the Curves of the Second Kind; 1729.—13. Ex¬ 
amination and Resolution of koine Questions relating to 
Play ; 1730.— 14. Method of determining the Chances at 
Play.—15. Observations on the Conic Sections; 1731.— 
1G\ Manner of generating, in a Solid Body, all the Lines 
ol the Third Order; 1731.—17- Manner of determining 
the Nature of Roulcls formed on the Convex Surface of a 
Sphere; and of determining which arc Geometric, and 
which arc Rectifiable; 1732.—4 8. Solution of a Problem 
in Geometry; 1732.— iy. The Use of Scries in resolving 
many Problems in the Inverse Method of Tangents ; 
1737-—20. Observations on the Irreducible Cast* in Cubic 
Equations; 1738.-21. Observations on Cubic Equa¬ 
tions; 1738.—22. On the Trisection of on Angle; 1740.— 

23. On the Irreducible Case in Cubic Equations; 1741.— 

24. Addition to ditto; 1743.—25. His Last Paper op the 
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same; 1741.—26. Determination, by Incommensurable* 
and Decimals, tiic Values of the Sides and Areas of the 
Series in a Double Progression of Regular Polygons, in¬ 
scribed in and circumscribed about a Circle; 1747. 

N1COMEDES, an ancient mathematician, who flou¬ 
rished in the 2d century of the ChiLrian aera, and was 
celebrated for his invention of the curve called the Con¬ 
choid. . 

NIEUWENTYT (Bernard), an eminent Dutch phi¬ 
losopher and mathematician, was horn on the 10th of 
August 1654, at Westgraafdyk in North Holland, where 
his father was minister. He discovered very early a good 
genius and a strong inclination for learning; which was 
carefully improved by a suitable education. lie had also 
that prudence and sagacity, which led him to pursue li¬ 
terature by sure and proper steps, acquiring a kind of 
mastery in one science before he proceeded to another. 
His father had designed him for the ministry; but seeing 
his inclination did not lie that way, he prudently left him 
to pursue the bent of his genius. Accordingly young 
Nicuwentyt, apprehending that nothing was more useful 
than fixing his imagination and forming his judgment well, 
applied himself early to logic, and the art of reasoning 
justly, in which he grounded himself on the principles of 
Descartes, with whose philosophy he was greatly delighted. 
From thence he proceeded to the mathematics, in which 
he made a considerable proficiency ; though the applica^ 
tion lie gave to that branch of learning did not prevent 
him from studying both law and physic. In fact he suc¬ 
ceeded in all these sciences so well, as deservedly to ac¬ 
quire the character of a good philosopher, a great mathe¬ 
matician, an expert physician, and an able and just ma¬ 
gistrate. 

Though he was naturally of a grave ami serious dispo¬ 
sition, yet ho was very affable and agreeable in conversa¬ 
tion. His engaging manner procured the affection of every 
one; and by this means he often drew over to his opinion 
those who before differed very widely from him. Thus 
accomplished, he .acquired a great esteem and credit in 
the council of the town of Puremerende, where he resided ; 
as he did also in the states of that province, who respected 
him the more, inasmuch as ho never engaged in any 
cabals or factions, in order to secure it; regarding in his 
conduct, an open, honest, upright behaviour, as the best 
source of satisfaction, ami relying solely on his merit. In 
fact, he was more attentive to cultivate the sciences, than 
eager to obtain the honours of the government; content¬ 
ing himself with being counsellor and burgomaster, with¬ 
out courting or accepting any other posts, which might in¬ 
terfere with his studies, and draw him too much out of his 
library.-—Nieuwcntyt died the 7th of March 1730, at 76 
years of ago, having been twice married.—He was author 
of several works, in the Latin, French, and Dutch lan¬ 
guage's, the principal of which are the following.- 

1, A Treatise in Dutch, proving the Existence of God 
•by the Wonders of Nature; 4 much esteemed work, which 
went through many editions. It was translated also into 
several languages, as the French, and the English, undvr 
the title of, The Religious Philosopher, &c. 

2. A Refutation of Spinoza, in the Dutch languago.— 

3. Analysis Infinitorum; 16.95, 4to.—4. Considerations* 
sccundte circa Calculi Diffcrentiulis Principia 5 1696, 8vo. 
—In this work he attacked Leibnitz, and was answered by 
John Bernoulli and James Herman.—5u A Treatise 
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the New Use of the Tables of Sines and Tangents.—6. A 
Letter to Bothnia or Burmania, on the Subject of Meteors. 

Ni l KOGEN, or Nitrous Gas, (me phlogUticatcd air 
o( Priestley,) forms the unrevpi ruble part of atmospheric 
air, and exists in it in the pioportionof 78 percent, Vsti- 
rnaied by bulk, or 74 per cent, by weight. Sic Aikin's 
Chemical Dictionary, article Azote. 

NIGHT, that part of the natural day, during which 
the >un is below the horizon: though sometimes it is un¬ 
derstood that the twilight is referred to the nay, or the 
time the sun is above the horizon ; the remainder only 
being the night. Under the equator, the nights, in the 
foiiner sense, are always equal to the days; each being 12 
hours long. But under the poles, the night continues half 
aycai.—The ancient Gauls and Germans divided their 
time not b^ days, but nights; as appears from Ciesar and 
'lacitus; also the Arabs and the Icelanders do the same. 
The same may also be observed of our Saxon ancestors : 
whence our custom of saying, sevcnmght, fortnight, &c. 

NOCliLl CA, a species id phosphorus, so called be¬ 
cause it shines in the night, without any light being 
thrown on it: such is the phosphorus made of urine. By 
which it stands distinguished Iroin some other species of 
phosphorus, which require to be exposed to the sun-beams 
before they will shine; as the Bonoiiinn-stone, &c. Mr. 
Boyle has a particular treatise on this subject. 

NOCTURNAL Arch, is the arch of a circle described 
by the sun, or a star, in the night. 

Nocturnal, or Noctuklabium, denotes an instru¬ 
ment, chielly used at sea, to take the altitude or depres¬ 
sion of the pole-star, and some other stars about the pole, 
for finding the latitude, and the hour of the night. 

There arc several kinds of this instrument; some of 
which arc projections of the sphere ; such as the hemi¬ 
spheres, or planispheres, on the plane of the equinoctial. 
The seamen commonly use two kinds; the one adapted to 
the pole-star, and the first of the guards of the Little 
Bear; the other to the pole-star and the pointers of the 
Great Bear. 

The nocturnal consists of two circular plates (fig. 15, 
pi: 17) applied over each other. 'The greater, which has 
n handle to hold the instrument, is about 2-J inches dia¬ 
meter, and is divided into 12 parts, answering to the.12 
months; also each month subdivided into every 5th day; 
and it) such manner, that the middle of the handle cor¬ 
responds to that day of the year in which the star here 
respected has the same right ascension with the sun. 

When the instrument is fitted for two stars, the handle 
is made moveable. The upper circle is divided into 24 
equal parts, for the 24 hours of the day, and each hour 
subdivided into quarters, as in the figure. These 24 hours 
arc denoted by 24 teeth; to be told in the night. In the 
centre of the two circular plates is adjusted a long index 
a, moveable on the upper plate. And the three pieces, 
viz, the two circles and index, arc joined by a rivet which 
is pierced through the centre, with.a hole 2 inches in diu- 
metcr, for the star to be observed through. 

To Use ihe Nocturnal. Turn the upper plate till 
the longest tooth, marked 12, be against the day of the 
month on the under plate; and bringing tho instrument 
near the eye, suspend it by the handle, with the plane 
nearly parallel to the equinoctial; then viewing the pole- 
star tlirough the hole in the centre, turn the index about 
tijl, by the edge coming from the centre, you sec the 


bright-star or guard of the Little Bear, if the instrument 
be fitted to that star: then that tooth of the upper circle, 
under the edge of the index, is at the hour of the flight on 
the edge of the hour-circle, which may be known without 
a light, by counting the teeth from the longest, which i* 
for the hour of 12. 

NODATED Hyperbola, one, so called by Newton, 
w hich by turning round decussates or crosses itself: as in 
the 2d, and several other species,ot his Einimcralio Linea- 
rum Tertii Ordinis. # * 

NUDES, the two opposite points where the orbit of a 
planet intersects the? ecliptic. That, where the planet 
ascends from the south to the north side of the ecliptic, is 
called the ascending node, or the Dragon’s Ik ail in the 
moon, and marked thus Q : and the opposite point, where 
the planet descends from the north to the south side ot 
the ecliptic, i> called the descending node, or Dragon's 
tail in the moon, and is thus marked Q. Also the right 
line drawn from the one node to the other, is called ihe 
line of the nodes. 

By observation it appears that, in all the planets, the 
line of the nodes continually changes its place, its motion 
being in aiiteccdentia ; i. e. contrary to the order of the 
signs, or from east to west ; with a peculiar degree of mo¬ 
tion for each planet. Thus, by .a retrograde motion, the 
line of the moon’s nodes completes its circuit in 18 years 
and 225 days, in which time the node returns again to the 
same point of the ecliptic. Newton has not only shown, that 
this motion arises from the action of the sun, but, from 
its cause, he has with great skill calculated all the ele¬ 
ments and varieties in this motion. See his Princip. lib. 3, 
prop. 30, 31, &c.—The moon must be in or near one 
of the nodes, to make an eclipse either of the sun or 
moon. 

For a full treatise on the nodes of the planets, see La- 
landc’s Astronomy, in many articles as shown, by the in¬ 
dex at the end of the 3d volume, and the result of the 
whole in vol. 2, pa. 124, where he gives a table of the 
nodes of the several planets, for the year 1750, and their 
annual variations, thus ; 

• % 

Planets’ ascending Nodes in 1750. 


Planetf. 

Node Q in 1750. 

Annuml 

rirrrriue. 

Mercury 

1‘ 15° 21' 15" 

45 ' 

Venus 

2 >14 96 IS 

31 

Mars 

1 17 36’ 30 

39*3 

Jupiter 

3 8 it) 0 

6 0 

Saturn 

3 21 31 17 

30 

Hcrschcl 

2 11 49 30 



See also our urticlc Orbit. 

NODUS, or Node , in Dialling, denotes a point or hole 
in the gnomon of a dial, by the shadow or light of which 
is shown, either the hour of the day in dials without fur¬ 
niture, or the parullcls of the sun’s declination, and his 
place in the ecliptic, &c, in dials with furniture. 

NOLL FT (the Able John Anthony), a considera¬ 
ble French philosopher, mid u member of most of the phi¬ 
losophical societies and academies of Europe, was bom at 
Pimpr£, in the district of Noynn, the Iglh of November 
1700. From the profound retreat, in wjiich the medio¬ 
crity of his fortune obliged him to live, bis reputation 
continually increased from day to day. M. Dufay osso- 
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ciatcd him in his Electrical Researches; and M. de Reau¬ 
mur resigned to him his laboratory. It was under these 
masters that he developed his talents. M. Dufay took 
him along with him in a journey he made into England ; 
und Nollet profited so well of this opportunity, as to in¬ 
stitute a friendly and literary correspondence with some 
ol the most celebrated men in this country. 

The king of Saidmia gave him an invitation to Turin, 
to perform a cuurse of experimental philosophy to the 
duke of Savoy. From thence he travelled into Italy, 

, where he collected some good observations concerning the 
natural history of the country. 

In France he was master of philosophy and natural 
history to the royal family; and professor-royal of expe¬ 
rimental philosophy to the college of Navarre, and to the 
schools of artillery and engineers. The Academy of 
Sciences appointed him adjunct-mechanician in l?3p, as¬ 
sociate iu 1742, and pensioner in 1757. Nollet died the 
24th of April 1770, regretted by all his friends, but espe¬ 
cially by his relations, whom he always succoured with 
an affectionate attention. The works published by Nol- 
let, are the follow ing : 

J. Recueils de Lcltres sur FEIcctricitc; 1753, 3 vols 
in 12mo.—2. Essai sur FElectricity dcs Corps; I vol. in 
12mo.—3. Rechcrclics sur les Causes particulicrcs dcs 
Phenomenes Electriques; l vol. in 12mo.—4. L’Art dcs 
Experiences; 1770, 3 vols in 12mo. 

llis papers printed in the different volumes of the Me¬ 
moirs of the Academy of Sciences, are much too nume¬ 
rous to be particularized here; they arc inserted in all or 
most of the volumes from the year 1740 to the year 1767 
inclusive, and generally several papers in each volume. 

NONAGES1MAL, or Nonagesimal Degree, called 
also the nmi-heaven, is the highest point, or 90th degree 
of the ecliptic, reckoned from its intersection with the 
horizon at any time ; and its altitude is equal to the angle 
that the ecliptic makes with the horizon at their intersec¬ 
tion, or equal to the distance of the zenith from the pole 
of the ecliptic. It is much used in the calculation of 
solar eclipses. 

NON AGON, a figure having nine sid ps and angles.' 
—In a regular nouagon, or that whose angles, and sides, 
are all equal, if each side be 1, its area will be 6TS18242 
' = J of the tangent of 70 3 , to the radius 1. See my Men¬ 
suration, pa. 85, 4th edit. 

. NONES, in the Roman Calendar, the 5th day ofthe 
months January, February, April, June, August, Septem¬ 
ber, November, and December; and the 7th of the other 
months March, May, July, and October: these last four 
months having 6 days before the nones, and the others 
only four.—They had this name probably, because they 
were always 9 days inclusively, from the first of the nones 
to the ides, i. e. reckoning inclusively both those days. 

NONIUS, or Nunez (Peter), an eminent Portu¬ 
guese mathematician and physician, was born in 1497, at 
Alcazar in Portugal^ anciently a remarkable city, known 
by the name of Salacia, whence he was surnamed Sala- 
ciensis. 11c was professor of mathematics in the univer¬ 
sity of Coimbra, where be published some pieces which 
procured him great reputation. He was mathematical 
preceptor to Don Henry, son to king Emanuel of Portu¬ 
gal, and principal cosmographcr to the king. Nonius 
was very serviceable to the designs which this court enter¬ 
tained, of carrying on their maritime expeditions into the 
East, by the publication of his book On the Art of Navi¬ 


gation, and various other works. He died in 1577, at 80 
years of age. 

Nonius was I lie author of several ingenious w orks and 
inventions, and wa> justly esteemed one of the most emi¬ 
nent mathematicians of his age. Concerning his Art ot 
Navigation, father Dechalcs says, 44 In the year 1530, 
Peter Nonius, a celebrated Portuguese mathematician, 
on occasion ot some doubts proposed to him by Martinus 
Alphonsus Sofa, wrote a freatisc on Navigation, divided 
into two books; in the first, he answers some ot those 
doubts, and explains the nature of loxodroinic lines. In 
the second book* he treats of rules and instruments proper 
for navigation, particularly sea-charts, and*instruments 
serving to find the elevation of the pole; but says he. is 
rather obscure in his manner of writing/’—Fureliere, in 
his Dictionary, takes notice that Peter Nonius was the 
first who, in 1530, invented the angles which the luxo- 
dromic curves make with each meridian, calling them in 
his language Rhumbs, and w hich he calculated by spheri¬ 
cal triangles. Sievinus acknowledges, that Peter Nonius 
was scarce inferior to the very best mathematicians of the 
age. And Schottus says, he explained a great many‘pro¬ 
blems, and particularly the mechanical problem of Ari¬ 
stotle on the motion of vessels by oars. His Notes upon 
Purbacb’s Theory of the Planets, are very much to be es¬ 
teemed : lie there explains several things, which had either 
not been not feed before, or not rightly understood. 

In 1542, he published a Treatise on the Twilight, which 
he dedicated to John the 3d, king of Portugal ; to which 
he added what Alhazen, an Arabian author, has composed 
on the same subject. In this work he describes the me¬ 
thod or instrument called, from him, a Nonius; a particu¬ 
lar account of which sec in the follow ing article.— He cor¬ 
rected several mathematical mistake’s ol Orontius Fina?us. 
—But the most celebrated of all his works, or that at 
least he appeared most to value,*was his 1 realise of Alge¬ 
bra, which he had composed in Portuguese, but translated 
it into the Castilian tongue, when he resolved to make it 
public, which he thought would render his book more 
useful, as this language was more generally known than 
the Portuguese.- The dedication, to his former pupil, 
prince Henry, was dated from Lisbon, Dec. 1, 1564. 
This woik contains 341 leaves, or 682 pages, in the Ant¬ 
werp edition of 156*7, in 8vo; the folios being numbered 
only on one side. 

The catalogue of his works, chiefly in Latin, is this: 

1. De Arte Navigandi, libri duo ; 1530.—2. DcCrepus- 
culis; 1542.—3. Annotationes in Aristotclein.—4. Pro- 
blcina Mechanicum de Motu Navigii cx Remis.—5. Anno- 
tationes in Planetarum Thcorias Georgii Purbachii, &c.— 
6*. Libro de Algebra cn Aritbmctica y Geometra ; 150*4. 

All these pieces, the Algebra excepted, wore collected 
and published, in a folio volume, at Basil, in 1566*. 

Nonius, is a name also erroneously given to life me¬ 
thod of graduation now generally used in the divirion of 
the scales of various instruments* and which should be 
called Vernier, from its real inventor. The method of 
Nonius, so called from its inventor Pedro Nunez, or 
Nonius, and described in bis treatise De Crcpusculis, 
printed at Lisbon in 1542, consists in describing within 
the same quadrant, 45 concentric circles, dividing- the 
outermost into pO equal parts, the next within into 89, 
the next into 88, and so on, till the innermost was divided 
into 46 only. By this means, in most observations, 
the plumb-line or index must cross one or other of those 
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circles in or very near a point of division : whence, by 
calculation, the degrees and minutes of the arch might 
easily be obtained. This method is also described by 
Nunez, in his treatise l)e Arte et Rationc Navigandi, 
lib. 2. Cap. (3, where he imagines it was not unknown 
to Ptolemy. But as the degrees are thus divided un¬ 
equally, and it is very difficult to attain exactness in the 
division, especially' when the numbers, into which the 
arches are to be divided, arc incomposite, of which there 
are no less than nine, the method of diagonals first pub¬ 
lished by Thomas Digges, Esq. in his treatise Aire scu 
Seal® Mathematical, printed at Ix>nd. in 1573, and said 
to be invented by one Richard Clianseler, a very skilful 
artist, was substituted in its stead. However, Nonius's 
method was improved at different times ; but the commo¬ 
dious division now so much in use, is the most considera¬ 
ble improvement of it. See Vernier; also Robertson’s 
Navigat. Prof. p. iv ; or Robins's Tracts, v. 2, p. 265, for 
a curious history of many other such contrivances. 

NORMAL, is used sometimes fora perpendicular. 

NORTH Star , called also the Pole-star, is the last in 
the tail of the Little Bear. 

Northern Signs, are those six that are on the north 
side of the equator ; viz. Aries, Taurus, Gemini, Cancer,. 
Leo, Virgo. 

NORTHING, in Navigation, is the difference of lati¬ 
tude, which a ship makes in sailing northwards. 

NORWOOD (Rich ard), a respectable teacher of ma¬ 
thematics, in London, especially navigation, in which it 
seems he had some practice. He published several useful 
books; as, 1. The Epitome and Doctrine of Triangles, 1073, 
in 8vo ; 2. Trigonometry, 1685, in 4to; 3. The Seaman's 
Practice, 16*97, in 4to; where we find that for which lie 
has been chiefly noted, viz. his determination of the mag¬ 
nitude of the earth, and the degrees of the meridian, by 
means of the distance measured between London and 
York, in the year 1635. This measurement at so early 
a date, was ingeniously devised, and simply executed, 
reflecting on the atrthor considerable credit, whose means 
and convenience for the performance were small and 
humble. The deviation from an nccuratc result is how¬ 
ever not so considerable ns might be expected from the 
rude manner of his measuring with a chain, Along the 
high road in all directions, to the right and left, os well 
as up and down hills, and sometimes only by pacing or 
stepping the distances. It seems however he did not 
make a sufficient allowance for those zigzag directions 
and estimations, as his conclusion gives the mean length 
of a drgreo of latitude too great by almost half 4 a mile, 
viz, f>9 T f T ,n *' cs lo a degree, instead of as deduced 

from later and more accurate measurements. 

Mr. N\ had also art ingtrtnous paper on the Tides, on 
Wells, on Salt and Fresh Water, and on Whale-fishing, 
inserted in the Philos. Trans, an. 1667* or in my Abridge¬ 
ment, vol. 1, pa. 206. ‘ / 

NOSTRADAMUS (Michel), an able physician and 
celebrated astrologer, was bom at St. Remy in Provence, 
in the diocese of Avignon, December 14, 1503. His 
father was a notary-public, and his grandfathbr a physi¬ 
cian, from whom he received some tincture of the mathe¬ 
matics. He afterwards completed his courses of languages 
and philosophy at Avignon. Hence, going to Montpelier, 
he applied himself to physic; but being forced away by 
the plague, he travelled through different places till he 
came to Bourdcaux, undertaking all such patients as were 


willing to put themselves under his care. This cour-e 
occupied him five years; after which lie returned ter Mont¬ 
pelier, and was created doctor of his faculty in 1529; 
after which he revisited the same places where he had 
practised physic before. At Agon he formed ail acquaint¬ 
ance with Julius Ctesar Scaliger; but quitted it after a 
residence of about 4 years. He next settled at Marseilles, 
but repaired to Salon about the year 1544. 

In 1540, Aix being afflicted with the plague, he went 
thither at the solicitation of the inhabitants, to whom he 
rendered great service, particularly by a powder of his 
own invention : so that the town, in gratitude, gave him 
a considerable pension for several years after the conta¬ 
gion ceased. In 154? the city of Lyons, being visited 
with the suinc distemper, had recourse to our physician, 
who attended them also. Afterwards returning to Salon, 
lie began a more retiicd course of liie, and in this time of 
leisure applied himself closely to his studies. He had for 
a long time followefl the trade of a conjurer occasionally ; 
and now ho began to fancy himself inspired, and miracu¬ 
lously illuminated with a prospect into futurity. As fast 
ns these illuminations had discovered to him nny future 
event, he entered it in writing, in simple prose, though in 
enigmatical sentences: but revising them afterwards, he 
thought the sentences would appear more respectable, and 
savour more of a prophetic spit it, if they were expressed 
in verse. This opinion determined him to throw them all 
into quatrains, and lie afterward ranged them into centu¬ 
ries. For some time he could not venture to publish a 
work of this nature ; but afterwards perceiving that the 
time of many events foretold in his quatrains was very near 1 
at hand, he resolved to print them, as he did, with a de¬ 
dication addressed to his son Ccesar, an infant only sumo 
months old, and dated March 1, 1555. To this first 
edition, which comprised but 7 centuries, he prefixed his 
name in Latin, but guve to his son Caesar the name as it 
is pronounced in French, Notradame. 

The public were divided in their sentiments of this 
work: many considered the author os a simple visionary ; 
by others he was accused of magic or the black art, and 
treated as an impious person, who held a commerce with 
the devil ; while great numbers believed him to be really 
endued with the supernatural gift of prophecy. How¬ 
ever, Henry the 2d, and queen Catharine of Media's, his 
mother, were resolved to see oui 4 prophet, who receiving 
orders to that effect, he presently repaired to Paris; where 
he was very graciously received at court, and received a 
present of 200 crowns. He wus sent afterwards to Blois, 
to visit the king's children there, and rep or * what he 
should be able to discover concerning Their destinies. It 
is not known what his prediction was; however he re¬ 
turned to Salon loaded with honour, and good presents. 

Animated with this success, ho augmented his work to 
the number of 1000 quatrains, and published it \4ith a 
dedication to the king in 1558. That prince dying the 
next year of a wound which he received at a tournament, 
our prophet's book was immediately consulted ; and this 
unfortunate event was found in the 35th quatrain of the 
first century, which runs thus in the London edition of 

1672; 9 )■ %■ 

Lc Lion jeunc lo vieux surmontera, 

En champ bellique, nar singulicr duelle, 

Dans cage d'or Fail il lui crevero, 

Deux playes une, puis mourir mort cruellc. 

In English thus, from the Same edition: 
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The young Lion shall overcome the old one. 

In martial field by a single duel, 

In a golden cage he shall put out his eye. 

Two wounds from one, then he shall die a cruel death. 
So remarkable a prediction added new wings to his 
fame; and he was honoured soon after with a visit from 
Emanuel duke.of Savoy, and the princess Margaret of 
France, his consort. From this time Nostradamus found 
himself even ovei burthened with visitors, and his fame 
made every day new acquisitions. Charles the 9th, coining 
to Salon, was eager above all things to have a sight of him : 
Nostradamus, who then was in waiting as one of the re¬ 
tinue of the magistrates, being instantly presented to the 
king, complained of the little esteem his countrymen had 
for him ; upon which the monarch publicly declared that 
he should hold the enemies of Nostradamus to be bis ene¬ 
mies, and desired to see Ins children. Nor did that prince s 
favour stop here; in passing, not long after, through the 
city of Arles, he sent for Nostradamus, and presented him 
with a purse of 200 crowns, together with a brevet ; con¬ 
stituting him his physician inordinary, with the same ap¬ 
pointment as the rest. But our prophet enjoyed these 
honours only a short time, as he died ]6 months after, 
viz, July 2, 1566, at Salon, being then in his grand cli¬ 
macteric, or 63*1 year.—lie had published several other 
pieces, chiefly relating to medicine. 

He left three sons and three daughters. Caesar^ the 
eldest son was born at Salon in 1555, and died in 16*29: 
lie left a manuscript, giving an account of the most re¬ 
markable events in the history of Provence, from 1080 to 
1 494, in which he inserted the lives of the poets of that 
country. These memoirs falling into the hands of his 
nephew Cassar Nostradamus, gentleman to the duke of 
Guise, lie undertook to complete the work, and being en¬ 
couraged by the estates of the country, he carried the ac¬ 
count up to the Celtic Gauls : the impression was finished 
at Lyons in 16*14, and published under the title of Chro- 
nique do I’Histoirc de Provence.—The second son, John, 
exercised with reputation the business of a proctor in the 
parliament of Provence.—He wrote the Lives of the An¬ 
cient Proven9al Poets, called Troubadours, -and the work 
was printed at Lyons in 1575, 8vo.—The youngest son it 
is said undertook the trade of peeping into futurity like his 
father. 

NOTATION, is the representing of any given number 
by means of certain significant characters, or numerical 
symbols; and thus stands in contradistinction to Nume¬ 
ration, vyhich is the wording or expressing in words any 
number represented by those symbols. 

It is highly probable, that in the early stages of society, 
every distinct number had a peculiar characteristic repre¬ 
sentative, which must however have led to great difficulty 
and embarrassment, on account of the number of different 
characters with which the memory must have been in- 
cumbered; at the same time it must also have been very 
limited in its application. Therefore, jis soon as the state 
of society required the use of great numbers, which must 
have immediately followed the introduction of commerce, 
it became necessary to have a more concise notation; and 
the most proper method of accomplishing this, was that of 
giving to each symbol a local as well as a simple value. 
'Phis howe ver was a refinement that could, hardly he ex¬ 
pected in the first rude effort* of the human mind ; and 
probably there are now no traces left of the first attempt 
of this kind* 


We know now of only three different modes of notation, 
namely; the Homan, the Grecian, and the Indian ; the latter 
of which ib the only one at present in use, at least in arith¬ 
metical calculations: but each of these agree in one ma¬ 
terial point, which is that o! dividing all numbers into 
periods of tens, a custom almost universally adopted by 
all nations; and as this is not the best number that might 
have been employed lor forming the radix of a system of 
arithmetic, we must look to some general physical cause, 
for this singular coincidence of different people, many of 
whom had probably no communication with each other. 

Mathematicians, so far back as the time of Aristotle, 
have noticed this singularity ; and have endeavoured to 
account for it from different principles : it had, however, 
no doubt, its origin in the natural formation of man. 
Every one in the infancy of his reason makes the first 
efforts of calculation on his fingers, which being ten in 
number, evidently led to the separation of quantities ot 
all kinds into periods of tens. For after having counted 
to this number, they were under the necessity of beginning 
again, and committing to their memory that they had 
already counted one period of ten: having then completed 
a second, third, &c, period, they still continued to count 
in the same manner, and still employed their fingers, as 
the proper instruments for assisting the memory in re¬ 
taining the number of those periods, as well as for still 
pursuing their calculations: this therefore necessarily 
led to the second principal separation of * number into 
hundreds; and so on for thousands, tens of thousands, 
&c. • 

Hence it appears, that the idea of our present scale of 
notation had, in reality, its foundation in the structure of 
the human frame : but to what nation we are indebted 
for the method of expressing numbers by means of ten 
simple characters, by giving to each a local, as well as a 
primitive value, is unknown : it is however pretty evident 
that it is only an improvement on the first rude attempts 
at numbering, above-mentioned. 

The honour of this invention has been ascribed to dif¬ 
ferent nations; some have attributed it to the Greeks, 
others to the Arabs, the Chaldeans, Indians,&c. 

The first traces of it however, that have been disco¬ 
vered, are among the Arabs, who themselves attribute 
it to the Indians; but whether it had its origin with those 
people, or they derived it from any other nation, is a very 
doubtful question, which will perhaps ever remain unde¬ 
cided. . . 

Montucla, in his Histoire des Mafhcmatiqucs, book 2, 
vol. 1, has entered minutely into the subject, and has 
show n in the most unequivocal manner, not only that the 
Indians were in possession of this art before it was known 
to the Arabs, but also that the characters employed by 
them 2000 years back, did not very materially differ 
from those in present use; and it is to this work we 
are indebted for the specimen of the ancient and mo¬ 
dern characters that wc have given in plate 23, the last 
line of which is Al-Sephadi’s expression lor the number 
184467*1407373709515615 ; and each of the other lines 
stands opposite the name of the author, or the nation, 
by whom they have been employed. From these speci¬ 
mens it will be readily perceived how our modern sym¬ 
bols have been derived, with some slight modifications, 
from those of the most ancient date. 

It has been before observed, that ulmost all nations 
have adopted, as it were by common consent, the decimal 
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seal«• of notation: this is not however without some ex¬ 
ceptions. The ancient Chinese arc said to have employed 
the binary scale (see Binary), and a nation of Thrace, 
mentioned by Aristotle, used the quaternary scale, count¬ 
ing by^periods of fours; and another people bordering on 
Senegal, make all their calculations by periods of fives, 
which they designate as follows; one, two, three, four, 
five, they call ben % niard, met, guyanct 9 guiron; and six, 
seven, eight, nine, by guiron bcn> guiron niard 9 guiron 
victyScc. and ten by fouque , and probably eleven by fouque 
ben. 

But these exceptions to the general mode of notation 
are very inconsiderable, and none of those scales that we 
have mentioned are by any means so well adapted to arith¬ 
metical purposes as our own; but this it must be acknow¬ 
ledged is inferior in many respects to the duodenary 
scale ; which, by the addition of two extra characters, 
would perform all arithmetical operations with greater 
case and expedition ; and with respect to decimals, or 
duodecimals, as they would be in that case, we should 
have a great many more finite expressions than we have 
at present. In the decimal scale, if we consider only the 
reciprocals of all numbers under 20, we find only the six 
following that give finite decimals: 

{ = -5 ; i = *25; ± = -2; | = *125; T V = 1; * = 
•0625; but in the duodenary scale, we have nine finite ex¬ 
pressions with the same numbers, which ure as follows,; 

i = - 6 ; $ = - 4 ; i = - 3 ; * = 2; { = 16 ; 

? = -14; t -t= *; tV = ,0 »* ti = '° 8 - 

Hence it is evident that, with this scale of notation, we 
should have more finite fractional numbers than in our 
common arithmetic; and beside this convenience, all opc- 
rntions would be more readily performed, and larger 
numbers would be expressed with fewer digits. Still how¬ 
ever the advantages of this system are not such us cun 
lead us to expect, or even to wish, that it should ever be 
substituted for that, which long established practice has 
rendered so familiar to all our ideas of numbers. 

Notation of the Greeks. The Grecian notation, 
though it approached in many respects very near to 
that of the moderns, still it wanted one principal and 
distinguishing feature of the present improved system, 
which is that of giving to every character, a local as well 
as a simple value, for want of which they were under the 
necessity ofemploying a great number of characters, which 
were chiefly derived-from the letters of their alphabet. 


Instead of the figures 

1 . 

2 , 

3, 

4, 

5, 

6, 

7, 

8 , 

9, 

The Greeks made use 7 


0, 


% 


0 



A 

of these letters -3 

a, 

y» 

0, 

t. 

K, 


Y n 

0 . 

And instead of 

10 , 

20 , 

30, 

40, 

50, 

60, 

70, 

80, 

90 , 

They employed the! 
characters - 3 

*» 

x. 

A, 


y, 


0, 

*9 

V. 

For expressing the 7 
hundreds they had *3 

(• 

V 

<r, 

ft 

• 

<r> 




3), 

Andforthothousands 7 

a, 

0, 

y, 


*. 


& 


0 , 

they employed -j 

/ 

9 

% 

9 

9 

9 

9 

9 

9 


That is, they had recourse to the characters of the 
simple units, but instead of giving to them a local value, 
as wc do, and in which consists the superiority of the 
modern method, they distinguished them by means of a 
small dash , placed at the bottom of the letters. And 
hence we see that the Greeks could express with theso 
characters any number under 10 , 000 ; thus, 


* ] 


9999 they represented by 


7382 

by 

9 

8030' 

by 

/ 

64*20 

by 

ZjJX. 

9 

4001 

by 

9 

3000 

by 

y 


/ 


10000 was sometimes expressed by placing a small dash 
over the iota ; thus, j ; but mathematicians', in their cal¬ 
culations, generally employed for this purpose the com¬ 
pound diameter a ; and any number of times this pe- 

'rind, by placing the letter m under the characters ex¬ 
pressing the number of periods that they wished to indi¬ 
cate; thus, 


10000 was 

represented by 

a 

M 

20000 

- 

- 

by 

0 

M 

30000 

- 

- 

by 

y 

hi 

100000 

- 

- 

by 

1 

M 

800000 • 

* 

- 

by 

X 

M 

972000 

• 

• 

by 

6*0 

M 


So that placing the letter M under any given number had 
the same effect as our annexing fo.ur ciphers. 

Dioplmnlus und Pappus deviated n little in this respect 
from their predecessors, by making mu the characteristic 
of 10000 , and then distinguishing any number of thosu 
periods by prefixing the number to this character; thus, 
the foregoing numbers, according to these authors, were 
represented by aMV, /Smu, yMv, imu, ttmu, 6&/3mu, &c. 

And whercsmaUcr numbers were mixed with those larger 
periods, they were annexed to the foregoing characters; 
hence, . . 

1719999 was written 

43728097 - S'rofiwjybi; 

Thus resembling what wc make use of at this day for ex¬ 
pressing compound numbers, ns 7ft fin 7pts. 

The same authors also sometimes employed a still more 
simple method, which was by omitting the character mu, 
and only separating the two sets of symbols by a point. . 

Thus 99999999 was written which was the 

I • • 9 

largest number that the Greeks could express; and there¬ 
fore, when they wanted to mnkc use of larger numbers 
than this, they were under the necessity of assuming a 
larger unit; several examples of which are to be met with 
in the ancient Greek authors. , 

Apollonius at length conceived the idiit of dividing all 
numbers into periods of four characters, the first of which 
represented units, the second the number of 1QOOO, the 
third the square of 10000’s, &c. This was a great step 
towards our present system, for here was.evidently a local 
value given to the different periods, aud the same only 
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wanted to have been carried downwards to the units, to 
have completed the discovery. 

In tliis manner the circumference of a circle whose 
diameter is 1, according to the notation of Apollonius, 
would be expressed by 

y . au»£ . . ycirJ . £^>.3 . yuiux . (3yu.y. 

/ lilt 

3 . 1415 , 9265 • 3589 . 7932 . 3846 . 2643 . 

From what has been already observed, it appears, that 
the Greek notation resembled what we now employ for 
compound numbers, and in short their whole arithmetic 
differed from ours chiefly in this, that for want of giving 
a local value to their characters, all their operations were 
performed much in the same manner as wc now perform 
ours in duodecimals, and compound multiplication, divi¬ 
sion, &c. None of the Greek writers whose works have 
come down to us, have attempted to teach the first fun¬ 
damental rules of tWir arithmetic; we can therefore only 
judge from the disposition of their characters, the exact 
method of operation that the)' followed. It seems how¬ 
ever probable, that they generally worked from the left 
hand towards the right; but in their additions and sub¬ 
tractions this was so manifestly disadvantageous and trou¬ 
blesome, compared with what it would have been to have 
performed the same operations in a contrary order, that 
one can hardly suppose they could have overlooked such 
an evident and advantageous proceeding. 

As to their multiplications, it was not of so much im¬ 
portance, and there seems no doubt that in this rule, their 
operations were performed from left to right, as we do 
ours in algebra. In their divisions they approached nearer 
to our method for compound division, except that they 
generally found the whole quotient at one step, which 
must therefore have been the result of several tedious 
trials, or by means of a tabic for that purpose; that is, 
they found the greatest quotient in the first period, and 
then, having subtracted, they found the second period 
ol the quotient, &c. The square root was extracted in a 
manner also much resembling ours, differing from it, only 
in finding each period of the root at one step, as they did 
the quotients in division. 

It would be inconsistent with the nature of our work 
to enter upon tliis subject at any considerable length, we 
shall therefore confine ourselves to exhibiting a few ex¬ 
amples, with the corresponding operations in our arith¬ 
metic, referring the curious reader for farther informa¬ 
tion on this head, to an ingenious and learned Essay, by 
Delambre, added to the French translation of the works 
of Archimedes, where he will find ample gratification. 


Greek 


Example in Addition . 
. yj)xcc 

t . VJ Modem 


3 r / • /3rxa 


f847 3921 
j *60 8400 

908 2321 


Example in Subtraction. 

9 ■ yxfc r9 3636 

Greek i P • 9 Modern ' 2 340 9 

i £ * '-7~oi 


f 


0227 


V0L.II. 


Ei ample 

in Multiplication . 

P'V 

153 


V'V 

153 


a.cT 

f 

1 5300 = 

100. 153 

*Pre* 

/ / 

ii 

— 

'O 

50 . 153 

Tf v 9 

45 Q — 

3 . 153 


(3.yu0 2J40y 

/ 


The above examples will convey a slight idea ol the 
notation ol the Greeks, and their method of performing 
the fundamental rules of their arithmetic, which is evident¬ 
ly, in every respect, very much inferior to that of the mo¬ 
derns. 

Roman Notatiov. The Romans also employed some 
of the letters of their alphabet for designating different 
numbers, which, though sufficiently commodious in point 
of representation, was by no means adapted lor arith¬ 
metical calculations. The simple characters were as follow: 

1 was represented by i 


5 

10 
50 
100 
500 
1000 

And by means of these characters, 


by 

by 

by 

by 

by 

by 

and 


v 

X 

L 

C 

I> 

M 

the 


various com¬ 


bination of them, they expressed any number whatever. 
'I hesc are still in use lor representing dates, numbering of 
chapters, pages, See. 

NOTES, in Music, are characters which mark the tones, 
i. e. the elevations and fallings of the voice, or sound, and 
the swiftness or slowness of its motions, &c ; and these have 


undergone various alterations and improvements, before 
they arrived at their present state of perfection. 

NOVEMBER, the eleventh month in the Julian year, 
but the ninth in the year of Romulus, beginning with 
March ; whence its name. In this month, which contains 
30 days, the sun enters the sign / , viz, usually uboul the 
21st day of the n\onth. 

NUCLEUS, the kernel, is used by IJcvclius, and some 
other astronomers, for the body of a comet, which others 
call its head, as distinguished from its tail, or beard. 

Nucleus, is also used l>y some writers for the central 
parts of the earth, and other planets, which they suppose 
firmer, and as it were separated from them, considered as 
a cortex or shell. * 

NUEL, the same as Newel of a Staircase. 

NUMBER, a collection or assemblage of several units, 
or several things of the same kind ; as 2, 3, 4, &c, exclu¬ 
sive of the number 1: which is Euclid’s definition of num¬ 
ber.—Stevinus defines number as that by which the quan- • 
tity of any thing is expressed : agreeably to which Newton 
conceives a number to consist, not in a multitude of units, 
as Euclid defines it, but in the abstract ratio of a quantity 
of any kind to another quan;yy of the same kind, which 
is accounted as unity : find in ftis sense, including all these 
three species of number, viz. Integers, Fractions, and Surds. 

\Volfiu9 defines number to be something which refers to 
unity, as one right line refers to another. Thus, assuming 
a right line for unity, a number may likewise be expressed 
by a right line. And in this way ulso Descartes considers 
numbers as expressed bylines, where he treats of the arith¬ 
metical operations as performed by lines, in the beginning 
of his Geometry. 
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Mathematicians divide number into different classes ; 
as. 

Numbers, Absolute, Abstract, Abundant, Amicable, Ap¬ 
plicate, Circular , Concrete , Composite , Cubic , Defective, 
Fractional , Figurute , Polygonal, Perfect, Prime, Pyramidal , 
Rational, Similar, Square , &c, tor which see the respective 
adjectives. 

Beside these divisions, which form the principal heads 
under which numbers are considered, they are also di¬ 
vided into nt7i and orfJ, and formerly they were distin¬ 
guished into cvcnhf even , evenly odd, tzc : but these deno¬ 
minations arc now disused, and the same is expressed by 
saying, numbers of the form 4;*, 4/i -f- 1,4* — 1, &c; by 
which is to be understood that, in the first place, the num¬ 
ber is exactly divisible by 4; in the second, the number 
being divided by 4 it leaves a remainder 1 ; and in the 
third place, when divided by 4, it leaves a remainder 
3 or — 1 ; und the same is implied when numbers are said 
to be of any other form as 7« I, In 1 In 2, &c : 
this is a much more simple and general method of classing 
numbers, and is that which is now commonly employed. 

We find from the different fragments that have been 
transmitted to us, some of which are found in the Ele¬ 
ments of Euclid, that the ancient mathematicians had 
made some considerable progress in the investigation of 
the properties of'numbers; but they wanted two power¬ 
ful instruments, in order to fathom this subject, of which 
the moderns have availed themselves; these arc the pre¬ 
sent mode ol notation, which expresses numbers with ' 
so much facility, and the science of algebra, which ge¬ 
neralizes the results, and with which we can operate with 
the same ease on known and unknown quantities. These 
inventions could not but have a powerful influence in pro¬ 
moting the progress of the science of numbers; and ac¬ 
cordingly, wc find the work of Diophantus, the most an¬ 
cient uuthor on algebra that we know of, is entirely dedi¬ 
cated to the properties ol numbers, and contains many 
difficult questions which required considerable address 
and sagacity to resolve. 

From Diophantus, to the time of Vieta and Bachot, 
mathematicians continued to occupy themselves with the 
subject of numbers, but without much success; at length 
Vieta, by adding a new degree of excellence to algebra, 
Tcsolved many difficult problems relating to numbers. 
Bachet, in his work entitled Probttmcs Plqisanset Delcc- 
tablcs, gave a solution to all indeterminate equations of 
the first degree, by a method as ingenious, as it was ge¬ 
neral in its application. To the same ingenious author 
we arc indebted for an excellent commentary on Dio¬ 
phantus, which was afterwards enriched by the marginal 
notes of Fermat, who was one of those that most contri¬ 
buted to bring this science to perfection, by the great va¬ 
riety of elegant theorems thdt he proposed, though he left 
many of them without demonstrations; they, however, 
had the effect ol calling into action the talents of many 
eminent mathematicians. It was the custom at that time 
to propose questions by way of challenge to each other, 
the solutions to which were accordingly concealed, in 
order to secu-e to themselves, or to their nation, the 
honour of solving them ; this was at least the case with 
the English and French mathematicians, between whom 
there wtts much rivalry at that time. 

We are however inclined to think, that many of the 
theorems of Fermat were only the result of observation 
and tuals, and that he himself never arrived at their de- 
ministrations; though he expressly says, iu one of his notes 


on Diophantus, pa. 180, that lie was engaged in writing a 
work on this subject, which would contain multa varia et 
abstrusissirnu nunicroruin mystcria: and it has long been 
regretted by mathematicians that this work never appeared. 
Some celebrated foreign authors seem to attribute the cir¬ 
cumstance to the ignorance of the persons into whose hands 
Fermat's papers were consigned at his death; hut wc arc 
rather inclined to ascribe it to a different cause ; we sup¬ 
pose that at the time the note was written, Fermat was 
really engaged in such a work, and expected to be able to 
complete the undertaking ; but probably failing in some 
of his most celebrated theorems, he suppresse d the work 
entirely: and this idea receives considerable strength 
from the circumstance of Euler having shown, that one at 
least of his theorems, though true in a great many cases, 
is not generally so. Fermat had said, that 2* -t- 1 is al¬ 
ways a prime, if x be taken any number in the scries 
2, 4, S, l6, &c; but Euler -found that 2 32 -4- 1 = 
041 x 6/00417, and therefore is not a prime number. It 
should however be observed, that Fermat bad made no 
mention of his having demonstrated this theorem. 

But of all those mathematicians who have treated on the 
science of numbers, Euler claims the most distinguished 
situation : we arc also much indebted to the labours and 
ingenuity of Lagrange, Lt^gendre, and Gauss. T he two 
latter have published works expressly on this subject, en¬ 
tirely independent of each other's method, both of which 
possess a very greut degree of merit; but the latter has 
the greatest claim to originality. The former work is in 
French, entitled Essai sur la Thcorie des Nombres, i)ur 
Legendre; the first edition of which was published in 4to, 
at Paris, in the year , and a second edition, with 
considerable improvements, in 1808. * The latter work is 
in Latin, under the title of Disquisitioncs Arithmetical, and 
it has since been translated into French. 

It is impossible for us, in the space to which wc must 
confined this article, to enter at length on the subject of 
numbers; wc shall therefore confine ourselves to the enu¬ 
meration of some of the most curious and important pro¬ 
perties. 

Properties qf Numbers . 

1. Every even number is of the form 2n, and every odd 
number of the form 2n ± 1. 

2. Every prime number, greater than 3, is contained 
in one of the formulae 6 n 1, or 6 n — 1; and every 
prime number greater than 2, in one of the forms 4n -t- 1, 
or 4n — 1. 

3. Every even squarq number is of the form 4n, and 
every odd square number of the form 8n - 4 - 1. 

4. The following table exhibits the forms of all square 
numbers, with regard to every modulus from 1 to 12. 


Moduli. 

Fornuke. 

2 

2 n 

2n •+• 1 


# 

3 

3" 

Sn 1 



4 

4 n 

4m 1 



5 

5n 

5n± 1 
+ l 


• 

6 

' 6n 

6n -+• 4 

* 

7 

7n 

7” -*• 1 

7« -+t 2 


8 

. Bn 

8n 1 

8n -*■ 4- 


9 

9" 

9 n I 

9* 4- 4 

, 9n + 7 

10 

lOn 

10* £ I 

lOn ± 4 

■ lOn 5 

11 

C Un 

11* -t- 1 

I In 4 

lln 9 

l lin 

■+■ 3 


* . 

12 

12n 

12n -♦* 1 

12n ± 3 

. ISn h- 4 
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And consequently every number that docs not fall under 
some one of the above forms is not a square. 

5. The following tables exhibit all the impossible forms 
of square numbers, as referred to the moduli 3, 4, and 5 ; 
that is, no number that falls under any of the forms in the 
table can be a square number. 

Modulus 3. Modulus 4. Modulus 5. 

2 t* ± 3qu z 2/* s' 4 qu 2 2t‘ S' 5qu* 

31 1 ± 3qu* 3t' ± 4 qu* 3 1 1 s 5 qu z 

51 * ± 3qu z 6‘/ 2 s 4 qu* 7 C- S' 5 qu~ 

Sr ± 3qu- 1 Of 9 ± 4qu t St 2 s 5qu x 

11 1-± 3qu l 11/*^ 4 qu* 121* s 5qu* 

14t 8 ± 3qu* 14<- ± 4 qu 2 13< 2 s 5qu 2 

General Forms. General Forms. Gcnrral Form. 

(3/)-+- 2)t‘ 1 ±3qu- (4pi‘2) t 2 s 4 qu 1 (5/>±2) 0S' 5qu 2 
and and 

3 pt 2 -h 3qu* (4 p ■+■ 3) l* ± 4 qu" 

Where it is only necessary to observe, that q and its re-, 
spectivc moduli must be prime to each other. 

6". The powers of all numbers from the 2d to the 12th 
(the 7th excepted), are of the following specified forms. 
a* is one of the forms 3n or 3n -+- 1 
a? - - 7n or 7" ± 1 

a* - - 5n or 5n 1 

a 5 - - 1 In or lln ± 1 

n° - - 7n or 7» + 1 

a> - - 17n or 1 7n ;£ 1 

“ 9 - - 19 « or ign ± 1 

<<I0 - - 11« or Un + 1 

«" - - 2 3n or 23n ± 1 

«** - - I3n or 13n 1 

The 7th power is not reducible to a similar form, because 
neither 7 -+■ 1 nor 2 x 7 + 1 is a prime number. 

7. Every prime number 8 n 1, 8n_-+- 5, is, exclu¬ 
sively of all others, of the form x 2 -t-y 2 ; or, which is the 
same thing, every prime number of the form 4n -+- 1 is the 
sum of two squares. 

8. Every prime number 8n -t- 1, 8n -*• 3, is, exclusively 
of all others, of the form x* •+■ 2 y 1 . 

9. Every prime number 8 n ■+■ 1, 8n -+■ 7, is, exclusively 
of all others, of the form x 2 — 2y\ 

10. Every prime number Sn — 1 is of the form 
p 1 -+- q 1 •+• 2 r*. 

11. Every number of the form 24n 5 is the sum of 

five, or a less number of squares, whose roots arc of the 
form 6 n — 1. 

12. Every number of the form Sn -+■ 6, is the sum of 
six, or a less number of squares, whose roots are of the 
form 4 m — 1 . 

13. Every odd number, except those of the form 
8n -+- 7, is the sum of three squares. And no numbers of 
this form can be the sum of three squares. 

14. Every odd number, without exception, is of the 
form/) 1 ■+■ q‘ 2r*. It should be observed that in this 
form, as also in all others we have mentioned, any one or 
more of those squares may become zero. * 

15. Every number of tho form/) 2 •+• </* .+. r»,‘wben mul¬ 
tiplied by 2, gives a number of the form p* ■+■ q* -+- 2r 3 ; 
and the latter form being multiplied again by 2, repro¬ 
duces the former. 

1 6. If a number be the sum of two squares, its double 
is the sum of two squares. 

✓ 


15 ^ 

17. A number that is the sum of two squares, being 
multiplied by a number of the same form, gives a product 
that is the sum of two squares: that is, (p* -t- <j ) x 
(r* s 2 ) = (x 2 H-y ). 

IS. The product of the sum of four squares, by the sum 

of four squares, is itself the sum of four squares ; or, 

• • • • 

(/>“ r + T ' s ‘) x (/>“ -4- g : -f- s 2 ) = 

{w' + J+y' + z'). 

19. Every number is a triangular number, or the sum 
of two or three triangular numbers. A square, or the 
sum of two, three, or four squares. A pentagonal, or the 
sum of two, three, four, or five pentagonals, &c.—T his is 
one of the celebrated theorems of Format; but it has 
never been demonstrated, except for the two first cases. 
T he other part of it still remains, to exercise the ingenuity 
of mathematicians. 

20. Every number is a cube, or the sum of 2, 3, 4, 5, 
6, 7, S, or 9 cubes.—This is one of Dr. Waring’s theorems, 
but we believe it has never been demonstrated. 

21. If p and <j be any two numbers prime to each 
other, then p * g z can only be divided by numbers of 
the same form. Or, which is the same thing, a number 
that is the sum of two squares, can only be divided l>y 
numbers that are the sum of two squares: the two given 
squares being prime to each other. 

22. And, in general, all numbers comprised in any of 

the following forms; viz, ;r r/Vp’ p 2 — can 

have for divisors, only those numbers which fall under the 
same form as themselves. 

23. Every prime number An -+■ 1, which divides the 

formula p 2 2q 1 f will also divide the formula/)* — 2y 2 . 

24. A prime number An — 1, that djvidcs the for¬ 
mula p 1 -4- Q(f 9 can not be a divisor of the formula 

p 2 — <“i 2 - 

25. Every prime number Sn -+- 1, or 8 n -4- 7% will di¬ 
vide, at the same time, the two formulae /r -+- and 
p* -+- 2 nq 2 t or it will divide neither of them. 

2(>. Every prime number S n + 3, or Sn 5, will al¬ 
ways divide one of the two formulae p* + aq‘, or p : ■+■ 2 aq : , 
but it can divide only one of them. 

27. If c be a prime number, and n any number not di¬ 
visible by c, then n divided by c, will leave the same re¬ 
mainder os n c divided by c. Hence is readily deduced 
the following theorem, which is of the greatest use in the 
theory of numbers. 

2S. If c be a prime number, and n any number not di¬ 
visible by c, then will n c 1 — 1 always be divisible by c. 

29. If n be a prime number, then will (1 . 2.3.4 
(n — 1) -f- I) always be divisible by ft. 

This theorem is given in a more general form by M. 
Gauss, in his Disquisitiones Arithmetics*; thus: 

30. If n be any number whatever, and a, b t c, &c, all 
those numbers less than ft, and also prime to it, then will 
(« . b . c . &c. (ft — I) - 4 - 1) be divisible by n. 

From the former of these two enumerations is readily 
deduced the following corollary; namely, 

31. Ifn bea prime number,then will (l 2 .2 3 .3* . 4*.&c, 

# # t / • * * 1 • 

C— — )* when divided by n, always have a re¬ 

mainder;!; 1 ; that is 1, when n is of the form 4n — 1, 
and — 1 when n is of the form 4n 1. 

32. If s a be made to represent the sum of all the di¬ 
visors of any number a, then will sn = s (n — 1) 

Q 2 
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s (n — 2) — «< (« — 3) — s (n — 4) s (n — 5) -+- 
s (72 — 6) — &c. 

33. Neither ihe sum nor difference of two cubes can be 
a cube. 

3-1. Neither the sum nor difference of two biquadra¬ 
tures, can be a square. 

33. And, generally, the equation x n ±y D = z n is always 
impossible when n exceeds 2—This is one of Formats 
theorems, which has never been demonstrated, except tor 
the first t'\o cases. Euler fins generalized those cases, 
by demonstrating that the equation a*bx 4 ± Pay* = z 2 is 
always impossible. 

36. The sum of any number of consecutive cubes, be¬ 
ginning at unity (or at any other number that is both a 
square and a cube), is a square number. 

37. The second differences of consecutive square num¬ 
bers is 2 ; the third difference of cubes is 6: and generally, 
the nth differences of the nth powersof any numbers in arith¬ 
metical progression, is constant, and is equal to 1 x 2 x 
3 x 4----(n— 1) x nJ n 9 when d is the common differ¬ 
ence of the series. 

38. The area of a rational right-angled triangle cannot 
be a square number. 

39- In any rational right-angled triangle, one of the 
sides is divisible by 5. 

40. There cannot be more than three square numbers 
in an arithmetical progression. 

41. The difference between any number, and another 
number formed with the same digits any how transposed, 
is always divisible by 5). 

42. The difference between any odd power and its root, 
is divisible by double the exponent of that power. 

43. The formula a® — a“ is always divisible by a — 1. 

44. If rn — n be even, then will a m — a n be divisible by 
a + 1 . 

45. If 01 — n be odd, then will a® -f- a" be divisible by 
a 1. 

46 . The formula a m — b m is always divisible by a — 5, 
whatever be the value of m. 

4 7. If/n be even, then will a m — b m be divisible both by 
a — b and a -*• b. 

48. If m be odd, then will a m 5™ be divisible by 
a + b. 

49 . No algebraical formula can be found that will con¬ 
tain prime numbers only.—This theorem is demon¬ 
strated by Legendre in his Essai sur la Thcorio dcs Nom- 
bres. 

50. The greatest known prime number is 2147483647. 

The above numerical properties have been chiefly se¬ 
lected from Waring's Meditationes Algebraic®; Euler's 
Anal. Infin., and his Algebra; Legendre's Essai sur la 
Theoric desNombrcs; and from Gauss's Disquisitioncs 
Arithmetic®: to which works the reader is referred for 
every information that can be desired on this interesting 
subject. 

Number, Golden . See Golden Number and CycleK 

Number of Direction , in Chronology, some one of the 
35 numbers between the Easter limits, or between the 
earliest and latest day on which it can fall, i. e. between 
March 22 and April 25, which are 35 days; being so 
called, because it serves as a direction for finding Easter 
lor any year; being indeed the number that expresses 
how many days after March 21, Eastcr-day falls. Thus, 
Easter-day falling as in the first line below, the number of 
direction will be as on the lower line : 


March April 

Eastcr-day, 22, 23, 24,25,26,27,28, 29, 30, 31, 1, 2,&c. 
No. of dir. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, II,12,&c 
and so on, (ill the number of direction on the lower line 
be 35, which will answer to April 26, being the latest that 
Easter can happen. Therefore add 21 to the number of 
direction, and the sum will be so many days in March for 
the Easter-day : if the sum exceed 31, the excess will be 
the day of April. 

To find the Number of Direction . Enter the following 
tabic (which is adapted to the new style), with the do¬ 
minical letter on the left hand, and the golden number at 
the top, then where the columns meet is the number of 
direction for that year. Sec Ferguson’s Astron. pa. 381, 
cd. 8vo. 
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; 

Thus, for the year 1S14, the dominical letter being b, 
and the golden number 10; on the line of b, and below 
10, is 20 for the number of direction. To this add 21, the 
sum is 41 days from the 1st of March, which, deducting 
the 31 days of March, leaves 10 for the day of April, for 
Easter-day that year. - .,, 

Numeral Characters . Sec Characters. 

Numeral Figures. The antiquity of these in England 
has, for several reasons, been supposed high as the ele¬ 
venth century ; in France about the middle of the tenth 
century ; having been introduced into both countries from 
Spain, where they had been brought by the Moors or Sa¬ 
racens. Sec Wallis’s Algebra, pa. 9 &c, and pa. 153 of 
additions nt the end of the same ; also I’hilos. Trans. No. 
439 and 475. See also Notation. 

NUMERATION, in Arithmetic, the art of estimating 
or pronouncing any number, or series of numbers. . 

Numbers arc usually expressed by the ten following 
characters, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0; the first nine de¬ 
noting respectively the first nine ordinal numbers ; and the 
last, or cipher 0, joined to any of the others, denotes so 
many tens. In like manner, two ciphers joined to any 
one of the first nine significant figures, make it become so 
many hundreds, three ciphers make it thousands, and so 
on. 

Wcigelius indeed shows how to number, without going 
beyond a quaternary ; i. c. by beginning to repeat at each 
fourth. And Leibnitz and De Lagny, in what they call 
their binary arithmetic, begin to repeat at every 2d place; 
using only the two figures 1 and 0. But these, are rather 
matters of curiosity than use. Sec Notation. 

That the nine significant figures rtiay express not only 
units, but also tens, hundreds, thousands, &c, they have 
a local value given them, as hinted above; so that, though 
when alone, or in a right-hand place, they denote only 
units or ones, yet in the 2d place they denote tens, in the 
3d place hundreds, in the 4th place thousands, &c; as the 
number 5555 is five thousand five hundred fifty and five. 
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Hence then, to express any written number, or assign 
the proper value to each character; beginning at the right 
hand, divide the proposed number into classes, of three 
characters to each class ; and consider two classes as 
making up a period of six figures or places. Then every 
period, of six figures, has a name common to all the fi¬ 
gures in it; the 1st being primes or units; the 2d is mil¬ 
lions ; the 3d is millions-of-millions, or billions; the 4th 
is millions-of-miilions-of-millions or trillions; and so on; 
also every class, or half-period, of three figures, is read 
separately by itself, so many hundreds, tens, and units ; 
only, after the left-fraud half of each period, the word 
thousands is added ; and at the end of the 2d, 3d, 4th &c 
period, its common,name millions, billions, «Scc, is ex¬ 
pressed. Thus, the number 4,591, is 4 thousand 5 hun¬ 
dred and 91-—The number 210,463, is 2 hundred and 10 
thousands, and 463.—The number 2S 1,427,307, is 281 
millions, 427 thousands, and 307. 

NUMERATOR, of a Fraction, is the number which 
shows Jiow many of those parts, which the integer is sup¬ 
posed to be divided into, are denoted by the fraction. 
And, in the notation the numerator is set over the deno¬ 
minator, or number that shows into how many parts the 
integer is divided, in the fraction. So, ex. gr. £ denotes 
three-fourths, or 3 parts out of 4 ; where 3 is the numera¬ 
tor, and 4 the denominator. 

NUMERICAL, Numerous, or Numeral , something 
that relates to number. 

Numeral Algebra^ is that which makes use of num¬ 
bers, in contradistinction from literal algebra^ or that iu 
which the letters of the alphabet are used. 

NUNEZ (Peter). See NONIUS. 

NUTATION, in Astronomy, a kind of libratory mo¬ 
tion of the earth’s axis ; by which its inclination to the 
plane of the ecliptic is continually varying, by a certain 
number of seconds, backwards and forwards. The whole 
extent of this change in the inclination of the earth’s axis, 
or, which is the same thing, in the apparent declination of 
the stars, is about 19", and the period of that change is 
little more than 9 years, or the space of time from its 
setting out from any point and returning to the same point 
again, about 18 years and 7 months, being the same as the 
period of the moon’s motions, upon which it chiefly de¬ 
pends ; being indeed the joint effect of the inequalities of 
the action of the sun and moon upon the spheroidal figure 
of the earth, by which its axis is made to revolve with a 
conical motion, so that the extremity of it describes a 
small circle, or rather an ellipse, of 19'1 seconds diameter, 
and 14 ,,- 2 conjugate, each revolution being made in the 
space of 18 years 7 months, according to the revolution of 
the moon's nodes. 

This is a natural consequence of the Newtonian system 
of universal attraction; the first principle of which is, that 
all bodies mutually attract each other in the direct ratio 
of their masses, and in the inverse ratio of the squares of 
their distances. From this mutual attraction, combined 
with motion in a right line, Newton deduces the figure of 
the orbits of the planets, and particularly that of the earth. 
If this orbit were a circle, and if the earth’s form were that 
of a perfect sphere, the attraction t)f the sun would have 
no other effect than to keep the earth in its orbit, without 
causing any irregularity in the position of its axis. But 
neither is the earth's orbit a circle, nor its body a sphere; 
for the earth is sensibly protuberant towards the equator, 
and its orbit is an ellipsis, which has the sun in its focus. 


Now when the position of the earth is such, that the plane 
of the equator passes through the centre of the sun, the 
attractive power of the sun acts only so as to draw the 
earth towards it, still parallel to itself, and without chan¬ 
ging th'e position of its axis ; a circumstance which haj>- 
pens only at the time of the equinoxes. In proportion as 
the earth recedes from those points, the sun also goes out 
of the plane of the equator, and approaches that of the one 
or other of the tropics ; the seinidiameter of the earth, 
then exposed to the sun, being unequal to what it was in 
the former case, the equator is more powerfully attracted 
than the rest of the globe, which causes some alteration in 
its position, and its inclination to the plane of the ecliptic : 
and as that part of the orbit, which is comprized be tween 
the autumnal and vernal equinox, is less than that which 
is comprized between the vernal and autumnal, it follows, 
that the irregularity caused by the sun, during his passage 
through the northern signs, is not entirely compensated by 
that which he causes during his passage through the south¬ 
ern signs; and that the parallelism of the terrestrial axis, 
and its inclination to the ecliptic, is thence a little altered. 

, The like effect which the sun produces on the earth, by 
his attraction, is also produced by the moon, which acts 
with greater force, in proportion as she is more distant 
from the equator. Now, at the time when her nodes agree 
with the equinoctial points, her greatest latitude is added 
to the greatest obliquity of the ecliptic. At this time 
therefore, the power which causes the irregularity in the 
position of the terrestrial axis, acts w ith the greatest force ; 
and the revolution of the nodes of the moon being per¬ 
formed in 16 years 7 months, hence it happens that in this 
time the nodes will twice agree with the equinoctial points; 
and consequently, twice in that period, or ontre every 9 
years, the earth's axis will be more influenced than at any 
other time. 

That the moon has also a like motion, is shown by 
Newton, in the first book of the Principia ; but he ob¬ 
serves indeed that this motion must be very snip! I, and 
scarcely sensible. 

As to the history of the nutation, it'seems there have 
been hints and suspicions of the existence of such a cir¬ 
cumstance, ever since Newton's discovery of the system 
of the universal and mutual attraction of m alter ; some 
traces of which are found in his Principia, as above-men¬ 
tioned. 

Wc find too, that Flamsteed had hoped, about the year 
1690, by means of the stars near his zenith, to determine 
the quantity of the nutation which ought to follow from 
the theory of Newton; but he gave up that project, be¬ 
cause, says he, if this effect exists, it must remain insensi¬ 
ble till we have instruments much longer than 7 feet, and 
more solid and better fixed than mine. Hist. Cosiest, 
vol. 3, pa. 113. 

And Horrebow gives the following passage, extracted 
from the manuscripts of his master Roemer, who died in 
1710, and whose observations be published in 1/53, under 
the title of Basis Astronomic. By this paragraph it ap¬ 
pears, that Roomer suspected also a nutation in the earth's 
axis, and had some hopes to give the theory of it: it runs 
thus; l€ Sed dealtitudinibusnon pcriiulc coitus reddobar, 
tMn ob refractionum varietatem quatn ob aliam nondum 
liquido pcrspectam causam ; scilicet per hos duos annos, 
quemadmodum et alius, expertus sum esse quandam in 
declinationibus varietatem, qua?- nec refructionibus nec 
parallaxibus iribui potest, sine dubio ad vacillationem 
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nliquam poli terrestris refcrendam, cujus me vcrisimilcm 
dare posse theorist m, observationibus muiiitam, spero. 
Basis Astronomic, 1/35, pa.66. 

These ideas of a nutation would naturally present them¬ 
selves to those who might perceive certain changes in the 
decimations of the stars; and we have seen that the first 
suspicions of Bradley in 17-7* "ere tlint there was some 
nutation of the earth's axis which caused the star y Dra- 
conis to appear at tunes more or less near tlie pole; but 
further observations obliged him to search another cause 
for the annual variations (art. A n f.un ation) ; it was not 
till some years after that he discovered the second motion 
which we now treat of, properly called the nutation. See 
the art. Star, where Bradley’s discovery of it is given 
at length ; to which may be further added the following 
summary. 

For the better explaining tlie discovery of the nutation 
by Bradley, we must recur to the time when he observed 
the stars in discovering the aberration. Me perceived in 
172S, that the annual change of declination in the stars 
neat the equinoctial colurc, was greater than what ought 
to result from the animal precession of the equinoxes being 
supposed .50", and calculated in the usual way ; the star 
1 j Ursa; Majoris was in the month of September 1728, 20' 
more south than the preceding year, which ought to have 
been only 18"; from whence it would follow that the pre¬ 
cession of the equinoxes should be 55"{ instead of 50", 
without ascribing the difference between the 18 and 20 " 
to the instrument, because the stars about the solstitial 
colurc did not give a like difference, l’hilos. 1 runs. vol. 
35, pa. 659- 

In general, the stars situated near the equinoctial colurc 
had changed their declination about 2" more than they 
ought by the mean precession of the equinoxes, the quan¬ 
tity of which is very well known, and the stars near the 
solstitial colurc the same quantity less than they ought ; 
but, Bradley adds, whether these small variations urise 
from some regular cause, or arc occasioned by some 
change in the sector, I am not yet able to determine. 
Bradley therefore ardently continued his observations for 
determining the period and the law of these variations ; for 
which purpose he resided almost continually at Wanstcd 
till 1732, when he was obliged to repuir to Oxford to suc¬ 
ceed Dr. Ilalley ; he still however continued to observe 
with the same exactness all the circumstances of the 
changes of declination in a great number of stars. Each 
year he saw the periods of the aberration confirmed ac¬ 
cording to the rules he had lately discovered ; but from 
year to year he found also other differencesthe stars 
situated between the vernal equinox and the winter sol¬ 
stice approached nearer to the north pole, while the oppo¬ 
site ones receded further from it: he began therefore to 
suspect that the action of the moon on the elevuted equa¬ 
torial parts of the earth might cause a variation or libra- 
tion in the earth’s axis: his sector having been left fixed 
at Wanstcd, he often went there to make observations for 
many years, till the year 17+7, when he was fully satisfied 
of the cause and effects, an account of which he then com¬ 
municated to the world. Philos. Trans, vol. 45, an. 1748. 

“ On account of the inclination of the moon’s orbit to 
the ecliptic,” says Dr. Maskelyne, (Astronomical Obser¬ 
vations 1776, pa. 2), “ and the revolution of the nodesin 
antecedents, which is performed in 18 years and 7 months, 
the part of the precession of the equinoxes, owing to her 
action, is not uniform ; but subject to an equation, whose 


maximum is 18'': and the obliquity of the ecliptic is also 
subject to a periodical equation of 9"*55; being greater 
by 191 " when the moon’s ascending node is in Aries, than 
when it is in Libra. Both these effects arc represented to¬ 
gether, by supposing the pole of the earth to describe the 
periphery of an ellipsis, in a retrograde manner, during 
each period of the moon's nodes, the greater axis, lying in 
the solstitial colurc, being 19‘1'\ and.the lesser axis, lying 
in the equinoctial colure, 14 2"; being to the greater, as 
the cosine of double the obliquity of the ecliptic to the - 
cosine of the obliquity itself. This motion of the pole of 
the earth is called the nutation of the earth's axis, and was 
discovered by Dr. Bradley, by 11 series of observations of 
several stars made in the course of 20 years, from 1727 
to 1747, being a continuation of those by which he had 
discovered the aberration of light. But the exact law ot 
the motion of the earth's axis'has been settled by the 
learned mathematicians Dalcmbcrt, Euler, and Simpson, 
from the principles of gravity. The equation hence arising 
in the place of a fixed star, whether in longitude, right 
ascension, or declination (for tlie latitudes are not affected 
by ii) has been sometimes called nutation, and sometimes 
deviation.** Ami again (says the doctor, pa. 8), “ the 
above quantity 19 l”, of the greatest nutation of the earth's 
axis in the solstitial colurc, is what I found from a scru¬ 
pulous calculation of all Dr. Bradley’s observations of 
y Drnconis, which he was pleased to communicate to me 
for that purpose. From a like examination of his obser¬ 
vation of Ursa; Majoris, I found the lesser axis of the 
ellipsis of nutation to be 14’l", or only -^th of a second 
less than what it should be from the observations of y 
Drnconis. But the result from the observations of y Dra- 
conis is most to be depended on.” 

Mr. Muchin, secretary of the Royal Society, to whom 
Bradley communicated his conjectures, soon perceived 
that it would be sufficient to explain, both the nutation 
and the chnnge of the precession, to suppose that the pole 
of the earth described a small circle. He stated the dia¬ 
meter of this circle at 18", and he supposed that it was 
described by the pole in the space of one revolution of the 
moon’s nodes. But later calculations, and theory, have 
shown that the pole describes a smnll ellipsis, whose axes 
arc 19 * 1 " and 14'2", as above mentioned. 

To show the agreement between the theory and obser¬ 
vations, Bradley gives a great multitude of observations of 
. a number of stars, taken in different positions ; and out of 
more than 300 observations which he made, he found but 
11 which were different from the mean by so much as 2.. 
And by the supposition of the elliptic rotation, the agree¬ 
ment of the theory with observation comes out still nearer. 

By the observations of 1740 and 17+1, the star r t Ursm 
Majoris appeared to be 3" farther from the pole than it 
ought to bo according to the observations of other years. 
Bradley thought this difference arose from some particu¬ 
lar cause ; which however was chiefly the fault of tho cir¬ 
cular hypothesis. He suspected ulso that the situation of 
the apogee of the moon might have some influence on the 
nutation. He invited therefore the mathematicians to cal¬ 
culate all these effects of attraction; which has been ably 
done by Dalembert, Euler, Walmesloy, Simpson, and 
others; and the astronomers to continue to observe the 
positions of the smallest stars, ns well as the largest, to 
discover the physical derangements which they may be 
subject to, and which had been observed in some of them. 

Several effects arise, from tho nutation. The first of 
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theve, and that which is the most easily perceived, is the 
change in the obliquity of the ecliptic ; the quantity of 
whied ought to be varied from that cause by lb' in about 
5 ; )cars. Accordingly, the obliquity of the ecliptic was 
observed in 17b4 to be 23° ‘28 15 , and in 17 00 only 
23' 28 o ': not only therefore had it not diminished by 
8 \ as i: ought to have done according to the regular mean 
diminution 01 that obliquity ; but it had been augmented 
by lu" ; making together 1 8 ,# , lor the dicet ol the nutation 
in the y y« ar>. 

I he nutation changes equally the longitudes, the right- 
locrn^uua, and the dt ciinations ol the stars, as before ob¬ 
served ; it is the latitude only which it does not affect, 
bctaUM! the ecliptic is immoveable 111 the theory ol the 
nutation. 

Dr. Bradley illustrates the foregoing theory of nutation 
in the lolloping manner. Let v represent the mean place 
ol the pole ol the equator ; about which point, as a centre, 
supp«/s4* the true pole to mo\c in the 
small circle ahcd, whose diameter is 
Id'. Let L be the pole of the eclip¬ 
tic, and tV be equal to the mean di¬ 
stance between the poles of the equa¬ 
tor and ecliptic; and suppose the true 
pole ol the equator to be at a, when 
the moon's ascending node is in the 
beginning of Aries ; and at n, when 

the niMie gels back to Capricorn ; and at c, when the same 
node is in Libra : at which time the north pole of the 
equator bring nearer the north pole of the ecliptic, by the 
whole diameter of the little circle ac, equal to 18"; the 
obliquity of the ecliptic will then be so much less than it 
was when the moon's ascending node was in Aries. The 
point r is supposed to move round e, with an equal retro¬ 
grade motion, answerable to the mean precession arising 
Irom the joint actions of the tun and moon : while the 
truo pole of the equator moves round p, in the circum- 
frrrVKc ABCD, with a retrograde motion likewise, in a pe¬ 
riod ol the moon's nodes, or of 18 years and 7 months. 
By this ineans, when thr moon's ascending node is in 
Anct, and the true pole of the equator at a, is moving 
from a towards a ; it will approach the slam that come 
to the meridian with the sun about the vernal equinox, 
and recede from those that come with the sun mar the 
autumnal equinox, faster than the mean pole v does. So 
that, while the moon's node back from Ari«s to Ca¬ 
pricorn, lire appan nt precession will seem so much great¬ 
er than the mean, as to cause the stars that lie in the equi¬ 
noctial colurr to have altered their declination f/\ in about 
4 jnsrs and H months, more than the mean precession 
would do; and in the same time, the north pole of the 
• r|i.*tor *BI *ecm to have approached the stars that come 
Co the meridian with the sun of our winter solstice about 
K J *• ^ 10 have ice. ded as much from those that come 
with the sun at the tumour solstice. 

I hut the ph« nomena brlore r«xit«d are iii general con* 
formabhr to this hypothesis. But to be more particular ; 
let s hr the place of a star, pa the circle of declination 
patting through it, representing its distance from the mean 
polc f xad V r% lit m«an right-ascension. Thus if o and 
a be the points where the circle of declination cuU the 
IiUie Circle a BCD, the true pole will be nearest that star 
at o, arid furthest from it at a; the w^ole difference 
amounting to I8 V , or to the diameter of the little circle. 
As ibe true pole of the equator is supposed to be at A, 


when the moon’s ascending node is in Aries; and at f, 
when that node gets back to Capricorn; and the angular 
motion ol the true pole about p, 1^ likew ise supposed equal 
to that ol the moon’s node about L,-or the pole of the 
ecliptic ; since in these cases the true pole of the equator 
is yo degrees bclore the moon’* ascending node, it must be 
so in all others. 

When the true pole is at a, it will be at the same di¬ 
stance from the stars that lie in the equinoctial colure, as 
the mean pole 1* is; and as the true pole recedes back 
lroin a towards b, it will approach the stars which lie in 
that pari o! the colure represented by p <V*,and recede from 
those that lie in P ; not indeed with an equable motion, 
but in the ratio of the sine of the distance of the moon's 
node from the beginning of Aries. For if the node be 
supposed to have gone backwards from Aries 30°, or to 
the beginning of Pisces, the point which represents the 
place ul the true pole will, in the mean tune, have moved 
in the little circle through an arc, as ao, of 30° likewise; 
and would therefore in effect have approached the stars 
that lie in the equinoctial colure pqr, and have receded 
from those that lie 111 p by 4 $ seconds, which is the 
sine of 30° to the radius ap. For if a perpendicu¬ 
lar full from o on ap, it may be conceived as part of a 
great circle, passing through the true pole and any star 
lying in the equinoctial colure. Now the same propor¬ 
tion that hold* in these stars, will obtain likewise in all 
others; and from hence we may collect a general rule for 
finding how much nearer, or farther, any star is to, or 
from, the mean pole, in any given position of the moon’s 
node. 

For, if from the right-ascension of the star, wc subtract 
the distance of the moolis ascending node from Aries ; 
then radius will be to the sine of the remainder, as </' is 
to the number of seconds that the star is nearer to, or 
farther from, the true, than the mean pole. 

'I liis motion of the true pole, about the mean at p, will 
also produce a change in the right-ascension of the stars, 
and in the places of the equinoctial points, us well us in 
the obliquity of the ecliptic ; and the quantity of the 
equations, in either of these cases, may be easily com¬ 
puted for any given position of the moon's nodes. 

Dr. Bradley (lien proceeds to find the exact quantity of 
the mean precession of the equinoctial points, by com¬ 
paring his own observations made at Greenwich, with 
those of Tycho Brahe and others; the mean of all which 
he states at 1 degree in 714 years, or SOJ" per year; in 
order to show the agreement of the foregoing hypothesis 
with the phenomena themselves, of the alterations in the 
polar distances of the stars; tlie conclusions from which 
approach ns near to u coincidence us could be expected 
on the foregoing circular hypothesis, the diameter of which 
is l8 r/ ; instead of the more accurate quantity 19*F 1 , as 
deduced by Dr. Maskelync, and the elliptic theory as de¬ 
termined by the mathematicians, in which the greater 
axis (19'l ,r ) lu the less axis (14'2' ; ), us the cosine of 
the greatest declination is to the cosine of double the 
same. 

To give on idea now of the nutation of the stare, in 
longitude, right ascension, and declination; suppose the 
pole of the equator to be at any time in the point o, 
also * the place of any star, and 011 perpendicular to ah: 
then, like as ae is the solstitial colure v hen the pole of 
the equator was at a, and the longitude of the star # 
equal to the angle aes; so oe is the solstitial colure 
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when that pole is at o, and the longitude is then only the 
angle oes ; less than bo lore by the angle aeo, which 
therefore is the nutation in longitude: counting the lon¬ 
gitudes from the solstitial instead ol the equinoctial co- 
lure, from which they dilVer equally by yo degrees, and 
therefore have the same difference .aeo. Now the angle 
Afo will be as the line no = sin. ao Co radius PB=>in. 
ao x vn = sin. ao x 9 "; therefore as fo : no :: radius l: 


no _ sin. ao x 9 " _ sin. node x 9 


)" 0 , 

since ao isccjual to 


subtracted from the mean right-ascension in the first 6 
5 jt»ns of the longitude of the node, and added in the other 


e> 
SIX. 


eo sin. 23 ?<S' sin. 23~ 26 

longitude of the moons node. 'I his expression therefore 
gives the nutation in longitude, supposing the maximum 
of nutation, with Bradley, to be IS"; and it is negative, or 
must be subtracted from the mean longitude of the stars, 
when the moon’s node is in the first 6 signs of its longi¬ 
tude; but additive in the latter 6, to give the true appa¬ 
rent longitude. 

This equation of the nutation in longitude is the same 
for all the stars; but that for the declination and right 
ascension is various for the different stars. In the lore- 
going figure, ps i* the mean polar distance, or mean code¬ 
clination of the star s, when the true place of the pole is 
o; and so the aparent codeclination; also, the angle spe 
is the mean right ascension, and sue the apparent one, 
counted from the solstitial colure; consequently ops or 
op l* the difference between the right ascension of the star 
and that of the pole, which is equal to the longitude of 
the node increased by 3 signs or })0 degrees; supposing of 
to be a small arc perpendicular to the circle of declina¬ 
tion PFS; then is sf = so, and pf the nutation in decli¬ 
nation, or the quantity the declination of the star has in¬ 
creased; but radius 1 : f) u :: cosin. orp : pf = 9 ,f * cos. 
opf ; so that the equation of declination will be found 
by multiplying 9 " by the sine of the star’s right ascension 
diminished by the longitude of the node; for that angle is 
the complement of the angle sro. This nutation in decli¬ 
nation is to be added to the mean declination to give the 
apparent, when its argument does not exceed 6 signs; and 
to be subtracted in the latter 6 signs. But the contrary 
for the stars having south declination. 

To calculate the nutation in right-ascension, we must 
find the difference between the angle soe the apparent, 
and spe the mean right-ascension, counted from the sol¬ 
stitial colurc eo. Now the true right ascension soe is 
equal to the difference between the two variable angles goe 
and oos; the former of which arises from the change of 
one of the variable circles eo, and depends only on the 
situation of the node or of that of the pole o; the latter 
gos depends on the angle ops, which is the difference be¬ 
tween the right ascension of the star and the place of the 
pole o. Now in the spherical triangle ope, which changes 
into goe, the side ge and angle g remain constant, and 
the other parts arc variable; hence therefore the small 
variation po of the side next the,constant angle g, is to 
the small variation of the angle opposite to the constant 
side ge, as the tangent of the side te opposite to the con¬ 
stant angle, is to the sine of the angle ope opposite to the 
constunt side; that is, us tang. 23° 28' : sin. ope : : 9” • 


9 


x sin. ope 


x — - tto — the difference between the ungles goe 

andGPE. This is the change which the nutation po produces 
in the angle ope, being the first part of the nutation sought, 
and is common to all the stars and planets. It is to be 


In like manner is found the change which the nutation 
produces in the other p.irt of the right-ascension spe, that 
is, in the angle spg, which becomes sog by the effect of 
the nutation. This small variation will be calculated from 
the same analogy, by means ot the triangle sog, in which 
the angle o is constant, as well as the side sg, while s? 
changes into so. Hence therefore, tang, sr : sin. spg : : 

9 " : variation of spg, that is, the cotangent of the decli¬ 
nation is to the cosine of the distance between the staf 
and the node, as 9 " are to the quantity the angle sro va¬ 
ries in becoming the angle sog, being the second part of 
the nutation in right-ascension; and if there be taken for 
the argument, the right-ascension of the star minus the 
longitude of the node, the equation will be subtractive in 
the first and lust quadrant ol tho argument, and additive 
in the 2 d and 3d, or from 3 to 9 signs. But the contrary 
for stars having south declination. 

This second part of the nutation in right-ascension af¬ 
fects the return of the sun to the meridian, and therefore 
it must be taken into the account in computing the equa¬ 
tion of time. But the former part of the nutation docs 
not enter into that computation ; because it only changes 
the place of the equinox, without changing the point of 
the equator to which u star corresponds, and conse¬ 
quently without altering the duration of the returns to the 
meridian. 

All these calculations of the nutation, above explained, 
arc upon Machines hypothesis, that the pole describes a 
circle; however Bradley himself remarked that some of 
his observations differed too much from that theory, and 
that such observations were found to agree better with 
theory, by supposing that the pole, instead of the circle, 
describes an ellipse, having its less axis i>b = 10" in the . 
equinoctial colure, and the greater axis ac = 18", lying 
in the solstitial colure. But as even this correction was 
not sufficient to cause all the inequalities to disappear en¬ 
tirely, Dr. Bradley referred the determination of the point 
to theoretical and physical investigation. Accordingly 
several mathematicians undertook the task, and particu¬ 
larly Dalcmbert, in his Rccherchcs sur la Precession des 
liquinoxcs, where he determines that the pole really de¬ 
scribes an ellipse, and that narrower than the one assumed 
above by Bradley, the greater axis being to the less, as.the 
cosine of 23° 28* to the cosine of double the same. And 
as Dr. Maskclyne found, from a more accurate reduction 
of Bradley's observations, that the maximum of the nuta¬ 
tion gives 19* l" for the greater axis, therefore the above 
proportion gives 14’2" for the less axis of it; and accord¬ 
ing to thcsc_data,the theory and observations are now found 
to agree very near together. 

See Lalande's Astron. vol. 3, art. 287+ &c, where he 
makes the corrections for the ellipse. He observe* how-* 
ever that by the circular hypothesis alone, the compu¬ 
tations may be performed as accurately as the observa¬ 
tions can be made; and he concludes with some cor¬ 
rections and rules for computing the nutation in the ellip¬ 
tic theory. • ' 

The following set of general table* very readily give 
the effect of nutation on the elliptical hypothesis; they 
were calculated by the late M. Lambert, and arc taken 
from the Connoissance des Temps for the year 1783. 
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Table I 


Table 2. 


De¬ 
gree si 


O 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
10 - 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


0-0 


it 

0*00 

014 

0*27 

0-41 

0*55 

0-08 

0-82 

0-95 

1 M 1 

1-23 

1*36 

1*50 

1- 03 
1*77 
1*90 
2*03 

2- 16 
2*30 
2*43 
2*56 
2-08 
2-81 
2*94 
3*07 
3-19 
3*32 
3-41 
3*50 
3-09 
S-81 
3*93 


1-7 


3*1 I 


n 

3- 03 
4*04 
4M6 
4*28 

4- 39 
4-50 
4*61 

4- 72 
4*83 
4*94 
5*05 

5- 15 
5-25 
.5-3.5 
5'45 
5-55 
5-0.5 
5-74 
5-83 

5- 92 
0-01 
0-10 
0-19 
0-27 

6- 35 
0-43 
0-51 
0-58 
0-00 
0-73 
0-80 


2 -S 


it 

6. SO 
0-80 
0-93 


7 

7 

7 

I 

m 

/ 

/ 

7 

7 

7 

7 

7 


99 
00 
1 1 
17 
■23 
■28 
•33 
•3 8 
•42 
•47 
\51 
•55 


7-58 


7 

7 

7 

7 

7 


4-10 


02 
05 
08 
7 1 
73 
7-75 
7-70 
7-77 
7-79 
7-80 
7-82 
7 83 
7-84 
7-85 
7-85 


3-9 


30 
29 
28 
27 
20 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
I I 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

O 


l)e- 


o ree ' 


O 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
21 
25. 
20 
27 
26 

29 

30 


0 -(i 


-14- 



n 

0-00 
002 
0-04 
0-00 
0-08 
0-10 
012 
O’14 
0-16 
0-18 
0-20 
0-22 
0-24 
0-26 
0-28 
0*30 
0*32 
0-34 
0-35 
0-37 
0.39 
0-41 
0-43 
0-45 
0-17 
0-49 
0-50 
0-52 
0-54 
0-50 
0-58 


n 

0-5 S 
0-59 
0-61 
0-03 
0.64 
0-06 
0-68 
0-69 
0-71 
0-72 
0-74 
0-75 
0-77 
0-78 
0-80 
0-81 
0-83 
0-84 
0-85 
0-87 
0-83 
0-89 
0-91 
0-92 
0-93 
0-94 
0-95 
0-96 
0-97 
0-99 
1-00 


2-3 

H- — 


511 


4-10 


« 

« 

« 

« 

« 

i 


00 

01 

•02 

•02 

03 

01 

05 

06 

07 

07 

OS 

09 

09 

10 

11 

•11 

•12 

•12 

•13 

•13 

•13 

•14 

•14 

•14 

•14 

•15 

•15 

•15 

•15 

•15 

115 


3-9 


30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

0 

5 

4 

3 

2 

1 

O 


T\ble 3 


De¬ 

grees 


Dc- 

?ree? 


O 

1 

2 

3 

4 

5 

6 
i 

8 

9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2 S 

29 

30 


0*6 


i 

0-00 

0-27 

0-54 

O-Sl 

1-03 

1- 35 
1-01 
1-88 

2- 15 

2- 41 
2-08 
2*94 

3- 21 
3-47 
3-7 3 

3- 99 

4- 25 
4*51 
477 

5- 02 
5-28 
5-53 
57 8 
6 03 
0*28 


O 

6 - 

7- 

7 

7 

7 


52 

76 

01 

25 

•48 

71 


1 •' 


n 

7*7 1 

7 95 
8 * IS 
8’40 

8 63 
885 
9*07 
9’29 
9-50 
9*7 1 
9-92 

10-12 
10-32 
10-52 
10-72 
10-91 
1 CIO 


5-11 


I I 

II 
1 1 
I 1 
1 I 
12 


28 
47 
65 
82 
99 
16 
12 32 
12-18 
12-04 

12 79 
12-94 
1 3-09 

13 23 
13 36 


2-8 


4-10 


II 

13 36 
13-50 
I 3 62 
I 3*75 
13-87 

13- 98 
1 CIO 

14 20 
14*31 

14- 41 
14-50 
14-59 
14-67 
14-76 
14-83 

14- 90 
1497 
1503 

15 09 

15- 15 
15*20 
15-24 
15-28 
15-32 
15-35 
15.37 
15-39 
15-41 
15-42 
15-43 
15-43 


3-9 


30 

29 

2 S 

•27 

20 

25 

24 

23 

22 

21 

20 

19 

15 
17 

16 
15 
14 
13 
12 
11 
lO 

9 

5 
7 

6 
5 
4 
3 
2 - 
1 

O 
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This tabic is constructed from Dalombcrt’s ellipse, whose 
•crai-uxc-s are 9 " and (S’7"i half their sum and half their 
dilf. are 7'8 b" and C15", as in the following formulae. 
The number 15'43", in the 2d formula, is = 6 -7" x co¬ 
tangent of the ellipse’s obliquity. If the semi-axes be 
9-55" and 7-1", the formula; will give the nutation as in 
Dr. Maskelyne's Tables, of 1776. 

The Use of the Tables. 

The right-ascension of a star minds the moon's mean 
longitude, gives the argument of the first of these three 
tables. The sum of the same two quantities gives the ar¬ 
gument of the 2d table. Then the sum or the difference 
of the quantities found with these two arguments, will- 
give the. correction to be applied to the mean declination 
of the star, if it is north declination -, but if it is southern, 
the signs ■+■ or — arc to be changed idto — and 

From each of those two arguments for the declination 
subtracting 3 signs, or 90°, gives the arguments for cor¬ 
recting the right-ascension; the sum or difference of the 
quantities found, with these two arguments, in tables 1 
and 2 , is to be multiplied by the tangent of the star’s dc- 
VOL. II. 


clination, and to the product is to be added the quantity 
taken out of table 3, the argument of which is the mean 
longitude of the moon’s ascending node : when the de¬ 
clination of the star is south, the tangent will be negative. 

Example. To find the nutation in right-ascension and 
dcclin. for the star a Aquila;, the 1st ot July, 1788. 
Right-ascension of the star 9* 25° 7' 

Long, of the moon’s node 8 _ 15 40 ^ 

Diff. being argument 1, 1 9 27 + *'99 

Sum, argument 2, - - 6 10 47 ~ 0'2‘2 

Correction of the declination 4 /7 

The above two arguments being each diminished by 3 
signs, give, „ 

Argument 1 ------- 10* 9 27’ — 6 06 

Argument 2 - -- -- -- 3 10 47 1*13 

m ‘ - 4 93 

Dcclin. of star north, its tangent - - - OT 46 

Tbe product is - - - - - - — 072 

Long, of the d’s node, argum. 3 - - -+- 14-94 

Correction of right-asceosion - - - - 1 - 14-22 

* » 


> 
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In general, let £? denote the longitude of the moon’s 
ascending node; r the right-ascension of a star or planet; 
<1 its declination; the nutation in declination and right- 
ascension will be expressed by the two following formula;; 
viz, the nutation in declination 

= 7" 35 x sin>. (r — Q ) -+■ 1''-15 x sin. (r -h Q); 
and the nutation in right-ascension 

= [7"S5 x sin. ( r — Q ~ 90°) -+- l"15 x sin. 
(»■-*- 8 — 90°)J * tang, d — 15"'43 x sin. £3. 


12e ] 

For the* mathematical investigation of the effects of 
universal attraction, in producing the nutation, t*c, see 
d’Alembert’s Recherches su‘rla Precession des Equinoxes; 
Silvabelle's Treatise on the Precession of the Equinoxes 
&c, in the Philos. Trans, an. 1754, pa. 385 ; Walmcsley’s 
treatise dc Pneccssione Equinoctiorum et Axis Terra; Nu- 
tatione, in the Philos. Trans, an. 1756, pa. 700; Simpson’s 
Miscellaneous Tracts, pa. 1 ; and other authors. 
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/^VBELISK, a hind of quadrangular pyramid, very tall 
^ and slender, raised as an ornament in some public 
place, or to serve as a memorial of some rentalkable 
transaction. 

OBJECT, something presented to the mind, by sensa¬ 
tion, or by imagination ; or something that affects us by 
its presence, that affects the eye, eur, or some other of 
the organs of sense.—The objects of the eye, or vision, are 
painted on the retina; though not there erect, but in¬ 
verted, according to the laws of optics. This is easily 
shown from Descartes's experiment, of laying bare the 
vitreous humour on the back part of the eye, and putting 
over it a bit of white paper, or the skin of an egg, and then 
placing the fore part of the eye to the hole of a darkened 
room. By this means there is obtained a pretty land¬ 
scape of the external objects, painted invcrtcdly on the 
back of the eye. In this case, how the objects thus 
painted invcrtcdly should be seen erect, is matter of con¬ 
troversy. 

Obj not-Glass, of a telescope or microscope, is the 
glass placed at the end of the tube which is next or to¬ 
wards the object to be viewed. 

To prove the goodness and regularity of an object- 
glass ; describe two concentric circles on a piece of paper, 
the one having its diameter the same with the breadth of 
the object-gluss, and the other half that cliamctcr; divide 
the smaller circumference into 6 equal parts, pricking the 
points of division through with a fine needle; cover one 
side of the glass with this paper, and, exposing it to the 
sun, receive the rays through these 6 holes upon a plane; 
then by moving the plane nearer to or farther from the 
glass, it will be found whether the six rays unite exactly 
together at any distance from the glass; if they do, it is a 
proof of the regularity and just form of the glass; und 
the said distance is also its focal distance.—Another way 
of proving the accuracy of an object-glass, is by placing 
it in a tube, and trying it with small eyfc-glasses, nt several 
distant objects ; for that object-glnss is always the best, 
which represents objects the brightest and most distinct, 
and which beats the greatest aperture, and the most con¬ 
vex und concave eye-glasses, without colouring or hazi¬ 
ness. 

A circular object-glass is said to be truly centred, when 
the centre ol its circumference fulls exactly in the axis of 
the glass ; and to be ill centred, when it fhlls out of the 
axis, lo prove whether object-glasses be well centred, 
hold the glass nt a proper distance from the eye, and ob¬ 
serve the two reflected images of a candle, varying tho dis¬ 
tance till the two images unite, which is the true centre 
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point: then if this fall in the middle, or central point of 
the glass, it is a proof of its being truly centred. 

As object-glasses are commonly included in cells that 
screw upon the end ol the tube ol a telescope, it may be 
proved whether they be well centred, by fixing the tube, 
and observing while the cell is unscrewed, whether the 
cross-hairs keep lixed upon the same lines of an object 
seen through the telescope.—For various methods of find¬ 
ing the true centre of an object-glass, see Smith’s Optics, 
book 3, chap. 3; also the Philos. Trans, vol. 48, pa. 177. 

OBJECTI\ F. Line, in Perspective, is any line drawn 
on the geometrical plane, whose representation is sought 
for in a draught or picture. 

Objective Plane, in Perspective, is any plane situated 
in the horizontal plane, whose perspective representation 
is required. 

OBLATE, Halted, or shortened ; as an oblate spheroid, 
having its nxis shorter than its middle diameter; being 
formed by the rotation of an ellipse about the shorter axis.' 

OBLATENESS, of the earth, the Hatness about the 
poles, or tho diminution of the polar axis in respect of the 
equatorial. 'The ratio of these two axes has been deter¬ 
mined in various ways ; sometimes by the measures of 
different degrees of latitude, or of longitude, and some¬ 
times by the length of pendulums vibrating seconds in dif¬ 
ferent latitudes, &c; the results of all which, a? well ns 
accounts of the means of determining them, sec under the 
articles Ea rtii and Degree. To what is there said, 
may be added the following, from An Account of the Ex¬ 
periments made in Russia concerning the Length of a Pen¬ 
dulum which swings Seconds, by Mr. Krafft, contained in 
the 6th and 7th volumes of the New Petersburg Trans¬ 
actions, for the years 1790 und 1793. These experiments 
were made at different times, and in various parts of the 
Russiun empire : Mr. Krufli has collected and compared 
them, with a view to investigate the consequences .that 
might thence be deduced ; and from tho whole he con¬ 
cludes), that the length p of a penddlum, which swings se¬ 
conds in any given latitude /, and in a temperature of 10 
degrees of Reaumur's thermometer, may be determined by 
the following equation, in lines of a French foott viz, 

/> = 439-178 + 2 3-’l sine’*/. 

Tins expression agrees, very nearly, not only with all 
the experiments made on the pendulum in Russia, but 
also with those of Mr. Graham, nnd those of Mr. Lyons 
in 79 50' north latitude, where he found its length to be 
441 # 38 lines.—It also shows tfip augmentation of gravity 
from the equator to the parallel of n given latitude I: for, 
putting g for the gravity under the equator, G for that 
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under the pole, and z for that under the latitude /; Mr. 
Kraflft finds c = (1 0-005284S sine*/) x g ; and con¬ 

sequently G = 1*0052848 £. 

From this proportion of gravity under different latitudes, 
Mr. Krufft deduces, that on the hypothesis oi the earths 
being a homogeneous ellipsoid, it=> ob'nteness must be ; 
instead of which ought to be the result ot this hypo¬ 
thesis; but on adopting the supposition that the earth is 
a heterogeneous ellipsoid, he finds its oblateness, as de¬ 
duced from these experiments, to be y; '- T ;.which agrees 
nearly with that resulting from the measurement oi degrees 
of the meridian.—This confirms an observation ol M. La¬ 
place, that, if the hypothesis ol the earth’s homogeneity be 
given up, then will theory, the measurement of degrees of 
latitude, and experiments with the pendulum, all agree in 
their result with respect to the oblateness of the earth.- 

OBLIQUE, aslant, indirect, or deviating from the per¬ 
pendicular. As, 

Oblique Angle, one that is not a right angle, but cither 
greater or less than this, being either obtuse or acute. 

Obliq Vi-angled Triangle , that whose angles are all 
oblique. 

Oblique Ascension, is that point of the equinoctial 
which rises with the centre of the sun, or star; or any other 
point of the heavens, in an oblique sphere. 

Oblique Circle , in the stereographic projection, is any 
circle that is oblique to the plane of projection. 

Oblique Desccnsion , that point ol the equinoctial 
which sets with the centre of the sun, or star, or other 
point of the heavens in an oblique sphere. 

Oblique Direction , that which is not perpendicular to 
u line or plane. 

Oblique Force , or Percussion, or Power, or Stroke, is 
that made in a direction oblique to a body or plane. It is 
demonstrated that the effect of such oblique force &c, upon 
the body, is to an equal perpendicular one, as the sine of 
the angle of incidence is to radius. 

Oblique Line , that which makes an oblique angle with 
horiiv other line. 


Oblique Planes, in Dialling, are such as recline from 
the zenith, or incline towards the horizon. 

Oblique Projection , is that where a body is projected 
or impelled in a line of direction that makes an oblique 


angle with the horizontal line. 

Oblique Sailing , hi Navigation, is that part which 
includes the application and calculation of oblique-angled 
triangles. 

Oblique Sphere, in Geography, is that in which the 
axis is oblique to the horizon of a place. — In this sphere, 
the equator and parallels of declination cut the horizon 
obliquely. And it is this obliquity that occasions the in¬ 
equality of days and nights, and the variation of the 
seasons. Sec Sphere. 

OBLIQUITY, that which denotes a thing oblique. 

Obliquity of the Ecliptic , is the angle which the 
ecliptic giakes with the equator. See Ecliptic. * 

OBLONG, sometimes means any figure that is longer 
than it is broad ; but more properly it denotes a rectangle, 
or u right-angled parallelogram, whose length exceeds its 
breadth. 

Oblong, is also used for the quality or species of a 
figure that is longer than it is broad : as an oblong sphe¬ 
roid, formed by an ellipse revolved about its longer or 
transverse axis ; in contradistinction from the oblate sphe¬ 
roid, or that which is Hatted at its poles, being generated 
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by the revolution oi the ellipse about its conjugate or 
shorter axis. 

OBSCUUA Camera. See Camera Obscura . 

O use V u a Clara. See C l a k a Obscura. 

OBSERVATION, in Astronomy and Navigation, is 
the observing with an instrument some celestial phenome¬ 
non ; as, the altitude of the sun, moon, or stars, or their 
distances asunder, &c. But bv this term tin- seamen com¬ 
monly mean only the taking the meridian altitudes, in 
order to find the latitude. And the finding the latitude 
from such observed altitude, tligy call Working an Ob¬ 
servation. 

OBSERVATORY, a place destined lor observing the 
heavenly bodies ; or a building, usually erected on some 
eminence, for making astronomical observations. 

Most nations, at almost all times, have had their ob¬ 
servatories, either public or private ones, and in various 
degrees of perfection. A description of a great many of 
them may be seen in a dissertation of Weidler’s, De pree- 
senti Specula rum Astronomicarum Statu, printed in 1727, 
and iu different articles of his History of Astronomy, 
printed in 1741, viz, pa. 86 &c; as also in Lalandc's As¬ 
tronomy, the preface pa. 34 ; also in Bailly’s astronomi¬ 
cal works, and elsewhere. 

As navigation essentially depends on the determinations 
made in observatories, such establishments have been Con¬ 
sidered of great national importance, especially in mari¬ 
time states; and hence they have been liberally endowed 
by different governments. Even private observatories have 
been, in many places, erected at "considerable expense; 
the number of which has been greatly increased of late 
years; a circumstance which, while it marks the pro¬ 
gress of science, docs honour to the age in which we live. 

Fixed observatories are those where instruments are 
fixed in the meridian, by which, with the aid ol astrono¬ 
mical clocks, the right-ascensions and declinations of 
the heavenly bodies are determined; and motion, time, 
and space made to measure each other. Such buildings 
and apparatus only are called regular observatories, though 
very useful operations arc sometimes performed, and im¬ 
portant discoveries made, where no instruments arc fixed 
in the meridian. 

History qf ObsetTatories. 

All nations, where astronomy has been cultivated, boast 
of having had observatories at an early period; though 
ancient history affords but little information on the'sub¬ 
ject. It was not indeed, until considerable progress bad 
been made,, both in astronomy and the mechanical arts, 
that successful attempts were made, cither in constructing 
instruments, or erecting edifices for astronomical purposes. 
The first observatories of man were the fields Or hills, and 
his eyes his instruments ; and his progress by these aids 
alone was astonishing. The instruments of ancient n*tro- 
noraers were very large, and of rude construction; mostly 
of wood, and some of stone. They consisted chiefly of 
gnomons, dials, and astrolubcs; and long tubes, like 
telescopes, were used to assist the sight. For the same 
purpose deep wells were also sunk in dry places, from 
the bottom of which the stars might be 6ot*n in the day-time. 
Most buildings for astronomicul observations were of great 
altitude, and chiefly erected in very high situations. 

In Chaldaio, a country celebrated in the early tuinals 
of astronomy, the lofty temple of Belus, or- tower of 
Babel, was used os an observatory. And in Egypt, the 
famous tomb of Osyraandias was applied to the same pur- 
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pose. 'I llis building, it has been said, contained a golden 
or gilded circle, lor celestial observations, which was 365 
cubits in circumference, and one cubit in thickness. 

The pyramids of Egypt have also been supposed in¬ 
tended for observatories; and in support of tins opinion 
it is argued, that they were built to face the four cardinal 
points. The great height of these pyramids is to be sure 
favourable for celestial observations, whether they be used 
as gnomons, or for the purposes of astrology, a favourite 
study in those times, and which chiefly required an ac¬ 
curate view of the rising and setting of stars. It is 
indeed certain that practical astronomy was much iin- 
pro\ed in Egypt, particularly in the famous school of 
Alexandria, where an observatory was built 300 years 
before the Christian era, and continued for more than five 
centuries under a succession of celebrated names, such as 
Aristellus, Hipparchus, Ptolemy, &c. 

The Chinese and Gentoo nations appear to have made 
a very early progress, both in the theory and practice of 
astronomy. Those people have traditions and vestiges of 
ancient observatories, on which ingenious disquisitions 
may be seen in Bailly’s History of Ancient Astronomy, 
and in the Asiatic Researches, by Sir Wm. Jones, by 
Messrs. Hunter, Bentley, Colcbrooke, Sir Robert Barker, 
and others. ' I , 

The Hindu institutions, five in number, were con¬ 
structed nearly at the same period, about 250 years ago. 
They were built by order of the emperor Mahoinmed 
Shah, with a view to reform the calendar by means of 
astronomical observations; and he chose for his chief 
astronomer Joysing, or Jayasinha, the rajah of Ambhere. 
These observatories were built at Delhi, Benares, Matra, 
Oujein, and Suvai Jcypoor, and all under the direction 
of Jeysing. The observatory at Benares may be seen mi¬ 
nutely described, by Sir Rob. Barker, in the Philos. Trans, 
for 1777, where lie has given several plates-of yiews, both 
of the buildings and instruments. And as all the other 
observatories were built and furnished nearly on the same' 
plan, his description may be deemed sufficient for the 
whole. The instruments arc quadrants and gnomons of 
enormous size, built of stone, of most excellent masonry 
and construction, and very accurately divided and cut, 
into <J0 degrees and other subdivisions. The quadrants 
arc of different sizes, some as much as 20 feet radius. 
The account of the Benares observatory is turthur illus¬ 
trated by Wm. Hunter, esq. in a very elaborate article in 
the Asiatic Researches, vol. 5; in which he gives a full 
andparticular description of the other four Hindu obser¬ 
vatories. 

At Pekin, in China, an imperial observatory was built 
in the 13th century, on the city walls. And in 1 66 j), 
father Vcrbiest, a missionary Jesuit, having been made 
president of the tribunal of the mathematics there, and 
chief observer, obtained permission from the emperor 
Cam-hi, to furnish it with instruments, a catalogue of 
which may be seen in Duhaldc's Description of Chino. 

Other observatories were afterwards built in Chinu by 
the French* missionaries and by the Portuguese Jesuits, 
who very much distinguished themselves by their improve¬ 
ments in astronomy. The instruments of the Pekin ob¬ 
servatory arc descried as vcrylurge; but the divisions 
less accurate, and the contrivance less commodious,"than 
the instruments made at that period in Europe. The chief 
were, n sextant 8 feet radius, a quadrant o feet radius, 


an azimuthal horizon; also a celestial globe, an armillary 
zodiacal sphere, each 6 feet diameter. 

It is said that Copernicus, in 1540, was the first Euro¬ 
pean who set an instrument in the meridian. But it is 
stated by Weidlcr, Bailly, and Costard, that the first re¬ 
gular observatory in Europe was erected at Cassel in 1561, 
by William, landgrave of Hesse, who furnished it with 
the best instruments the age could afford; and where it 
is said he made very accurate observations, in concert 
with his friend and correspondent, Tycho Brah6, who 
was then rising into great fame. 

The next observatory in Europe, that deserves parti¬ 
cular notice, was that of Tycho Brahe himself, which it 
seems owed its origin to a very extraordinary cause, the 
appearance of a new star of the first magnitude, in the con¬ 
stellation Cassiopeia. It was seen by different astrono¬ 
mers about the 10th Nov. 1572, when it seemed to break 
forth instantaneously, which added to the great astonish¬ 
ment that universally prevailed on the occasion. It was 
brighter than Jupiter or Venus, when nearest to the earth, 
and was visible to the naked eye at mid-day. Alter a 
short time it gradually declined, and in 16 months totally 
disappeared. Tycho Brahe was so impressed with this 
phenomenon, that lie formed the resolution ol making 
a new and accurate catalogue of all the stars, as there had 
been nothing of the kind regularly performed since the 
days of Hipparchus, who, it is remarkable, had been stir 
niulatcd to the like undertaking by a similar cause, that 
is, by the sudden appearance and disappearance of a new 
star. 

For this purpose, Tycho Rrah6 first proposed to settle 
at Basle, which afforded at once a pure atmosphere, and 
a ready communication with the learned men of Germany, 
Italy, and France. But the landgrave of liessc wrote to 
Frederick the 2nd, king of Denmark, entreating him to 
encourage the astronomer to remain in his own country. 
In consequence the king assigned to him the small but 
fruitful island Huen, or Ilcvcn, in the Sound, as a fit 
situation for an observatory, and conferred on him also 
other princely grants and immunities: his majesty besides 
undertook to defray the charge of building and furnishing 
the observatory there, without any limitation of expense ; 
a munificence which has immortalized his name. The first 
stone of the observatory was laid the 8lh of August 1576, 
and the place wns called Urunibourg, or the Heavenly 
City. It was a building of 60 feet square, and 70 feet in 
height, with four towers, all contrived lor astronomical 
purposes. It was furnished with a noble collection of in¬ 
struments, many of them invented by the ustronomer 
himself. He had numerous assistants, whom he supported 
and instructed. Among his instruments was a celestial 
globe, of 6 feet diameter, said to have cost 1000/. It 
was after his death carried to Prague ; next to Neis, and 
lastly to Copenhagen, where it was Burnt in the great con¬ 
flagration which happened there in 1728. Many of 
the instruments of this greet astronomer were long pre¬ 
served, but have been gradually lost; and his favourite 
city Uranibourg, which, in his time, was visited by kings 
and princes, has been long u heap of ruins, though occa¬ 
sionally visited by the learned. His celebrated sextant 
has been consecrated in the heavens os a constellation, 
under the breast of the Lion: on large globes and atlases 
it is marked Sextans Urania , but on common ones only 
Sextans . 
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We shall now proceed to notice some observatories of a 
more modern date, beginning with those ol t rance. 

French Observatories. 

The Royal, or now Imperial, Observatory of Paris, was 
built in l66'7. It is 160 feet in front by 120 lectin breadth, 
and <)0 feet high. Its vaults are yO feet deep; so that it 
is 180 feet from top to bottom. A particular description 
of the building is given by Blondel, and the arrange¬ 
ment and disposition of the instruments in Bernoulli s 
Lett res Astronomiques, also 111 Lalandc’s Astronomic*, 
and in Monnier’s Histoirc Celeste. 

Besides the above building, new rooms have been con¬ 
structed, close by the side of the observatory, where a 
lan’C transit instrument and circle, by Ramsden, have 
been set up. In 1788 new vaults were made, and also a 
small observatory erected on the top ot the building, 
which commands an extensive view of the horizon ; and 
the kin® (Louis the 16 th) established three observers here, 
that the*course of observations might as little as possible be 

interrupted. . . D 1 

The following account of other observatories at rarib, 

given by Lalandein 1792, is worthy of notice here, as in¬ 
teresting in the history of practical astronomy. 

The astronomers of the Academy had besides several 
private observatories erected in diflerent parts ot Pins, as 
the royal observatory was not sufficient lor all. That ot 
Monn.cr has been, from the year 1742, in the garden of 
the Capuchins. That of the Marine, which Joseph de 1 We 
used in 17+8 at the Hotel de Clugny, occupied by M. 
Messier. That of Lacaillc still exists in the Mazarm-col- 
l,. E c That of the palace of Luxembourg is above the 
Port Royal. Joseph de Lisle observed there, and Lalande 
likewise occupied it for some time. That ot M. Pingre 
at the abbey of St. Goii6vi*vc was built in 1756. I here 
i, one of Cagnoli’s rue de Richl.cu, which this able as¬ 
tronomer built at his own expense in 1785, when he still 

resided at Paris. , e nt 

The observatory of the military school, built tor M. 

Jeaurat in 1768 , was occupied afterwards by M.d’Agelet. 
The late M. Bergeret, receiver-general of finances, con¬ 
structed in 1774 a large mural quadrant of 8 English feet 
radius the last and the best instrument made by the cele¬ 
brated Bird. This instrument was obtained by the mili¬ 
tary academy, as well as an excellent transit instrument, 
and a parallactic telescope. M. d’Agclet made a great 
number of observations therefrom 1778 to 1785, when he 
left it to make a voyage round the world with La I erouse. 
In 1788 , the changes mude in the military school occa¬ 
sioned the demolition of this obscivatory ; but it has been 
rebuilt, a little more to the west, with all necessary atten¬ 
tion and expense, so that it is the most complete observa¬ 
tory at Paris. Lalande, having received the direction of 
it, lagan in 1789 to make a series of observations. 
M. le Francois Lalande, his relation and pupil, -has also 
made a prodigious number of observations; and they ob¬ 
served. in I79L "lore than ten thousand northern stars, 
with excellent instruments. An observatory was built in 
1775 , at the R«>yal-college; for the use of the professor 
of astronomy of this celebrated school. M. Gcoffroy 
d'Assv built, in 1788, an observatory at his house, rue de 
Paradis, which was used by M. Delambre. 

Such was the state of observatories at Paris in 1792. 
At present (1813) Delambre is the chief of the imperial 
university. Messier and Biot succeeded him at the Royal- 
college, now the College de France. Burckbardt is astro- 
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nomer at the military school; Lcfran^ois Lalande resides 
at the Place de Cambray; and Bouvard superintends the 
imperial observatory, assisted by Aragon. 

It may be noticed here, that the famous mural qua¬ 
drant, with which Lalande and his relation determined the 
position of a great number ot stars, as above-mentioned, 
has been consecrated in the h< avens as a constellation, and 
is placed between Hercules, the Serpent, and Bootes. It 
is marked Quadrans Muralis, and contains 40 stars. 

The followin'* were the other observatories established 
in diflerent parts of France, as stated by Lalande. 

The Marseilles observatory, which has been rendered 
famous by the observations of Sylvabclle. 

At Toulouse , the observatory of M. Darquier has been 
made sacred by the zeal and abilities ol this learned man. 
Observatories have also been built in the same city by M. 
Garipuy and M. Bonrepos. Here astronomy bus been 
more successfully cultivated than in any other provincial 
city in France. The principal observatory is at present 
(1813) under the superintendence ol M. ^ idul. 

At Lyoru, the College observatory, which was built by 
father St. Bonnet, is a very line edifice, on an elevated 

situation. * , 

At Dijon, M. Necker, about the year 17 SO, converted 
the tower of the king’s lodge to an observatory, and the 
abl.e Bertrand has made very accurate observations 
there. 

At Montpellier there has long been an observatory 
erected on one of tin* towers of the city ; where M. Katie 
and Poi levin have distinguished themselves as able astio- 


nomers. , 

At Beziers , the bishop’s tower was converted to an ob¬ 
servatory, where some interesting observations have been 
made by M. Bouillct, particularly on Saturn’s ring. 

At Avignon , an observatory was built by father Bonfa 
so early as 1683; and it has been since occupied by a 
succession of learned ecclesiastics, who have distinguished 

themselves in practical astronomy. 

At Strasburg , Brackcnhoffcr, professor of mathematics, 
had an observatory over the gates of the city, and he has 
been succeeded by Herzenschncidcr in 179°- 

At Bourdeauxis an observatory 75 feet highland *20 
feet square. It is situated in the finest part ol lournay, 
in latitude 45°. Here M. Turgot procured a complete set 
of observations to be made on the length ot ^a pendulmn 
vibrating seconds ; upon which lather Boscovich has made 

an interesting memoir. - . 

At Brest Vi small observatory was built tor the naval aca- 
demy, and plan* have been set on foot for erecting a more 

considerable edifice. , . 

At Rouen there is an observatory belonging to Al. Bourn, 

in which he has made many good observations. 

At Montauban the due de la ChapeUe founded an ob¬ 
servatory, where he himself has made many accurate and 
interesting observations, particularly ol the transit ot \ enus 

over the sun in 176.9- 

(Sermon Observatories . 

In Germany a great number of observatories have been 
established, and that country has produced also several 
-very able astronomers. ' _ 

At Berlin, Frederic the 1st, king of Prussia, founded an 
observatory in 17.11, under the direction of Leibnitz, who 
was president of the Academy of Sciences there. It is a 
large square tower, very steady'. Here Grischow and 
Kies made various observations: and Lalande also ob- 
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served here about the year 1732, where, lie says, lie 
raiMHi enormous pillars, to which he attached the mural 
quadrants, north and south. (Mcmoircs de I’Acndcmie, 
1731 and 1732.) King Frederic the 2d added a very tine 
building to it, where the Academy ot Sciences ol Prussia 
lias held its assemblies. M. ltode has been many years 
the astronomer-royal there, and h as distinguished himself 
both as an accurate observer, and as the publisher of the 
most complete celestial atlas extant,entitled L ruimgiaphia, 
which is accompanied with a well arranged catalogue of 
the stars, and an interesting history of the constellations. 

At Vienna , the empress Maria Theresa built an observa¬ 
tory in the year 1733 for the university, and furnished it 
with many superb instruments. There is also one be¬ 
longing to the academical college, which was built and 
endowed by the Jesuits in 1733, and it is also furnished 
with very line instruments, chiefly made by English artists, 
and a succession of very learned nu n have observed there. 
'1 he reputation ot the university observatory was maintain¬ 
ed for many years by thcabbe Maximilian li« II, who con¬ 
ducted the Vienna F.phemcris, and the work is now con¬ 
tinued by M. Trcisnechir, his successor. 

At Gottingen there is an observatory memorable by the 
labours ol 'lokias Mayer, and by those more recently of 
Harding, who discovered the planet Juno in 1804. 

At Nuremberg an observatory was built so early as the 
year lf>78, and another in l6y2. M. Zinunert and M. 
Wuzzclbau have distinguished themselves here both as 
able authors and accurate observers. 

At Cassel an observatory was built, in 17 14, by Charles I, 
landgrave of Hesse, heir to the territories and taste of the 
celebrated William, the early friend and Icllovv-labourcr of 
Tycho Brahe. 

In 1740 an observatory was built at Griessen ; aud in 
1768 at Ourtsbourg, in Franconia. In 1788 one was 
built at Ixdpsic, on an old tower of great firmness. Ob¬ 
servatories have been also erected and supported with great 
credit at Manhciin, Cremsmunsier, Lumbach, Polling, 
Prague, and Gratz. 

At Bremen there is on observatory belonging to Dr. 
Olbcrs, an eminent physician, who has rendered his name 
immortal by the discovery of the two new planets, Pallas 
and Vesta. 

At Ldlienihal, near Bremen, M. Schroeter, governor of 
the district, erected an observatory about the year 1786, 
and furnished it with excellent instruments. He is highly 
celebrated as an accurate and interesting observer, parti¬ 
cularly of the surfaces and rotations of the planets and the 
moon. He approaches nearer than any other astronomer 
to Dr. Hcrschel in telescopic discoveries. 

At Seebergj near Gotha, a considerable observatory was 
built, in the year 1788,* by the duke of Snxc Gotliu, and 
he appointed M. Zuch, now baron Zacb, the superintend¬ 
ent, who has highly distinguished himself as a profound 
and accurate astronomer. In 1798 he was visited by La- 
lande, when, according to Voiron (Mistoirc de PAstro¬ 
nomic, pa. 369 ), all the great astronomers of Germany 
met at Gotha, to sec the patriarch of astronomy, and to 
pay him their homage. This observatory is reckoned one 
of the most beautiful and complete in Europe; it is situ¬ 
ated on a fine elevation, about a league from the town. 
There is here a large transit, with two murals of 8 feot 
radius, and a circle of 8 feetdiameter, all by Ravnsdcn and 
his successor Bergc. 

At Brunswick there is an observatory belonging to Dr. 


Gauss, well known by his determinations of the orbits of 
the new planets, and other important labours. 

In Hungary there are observatories at Buda, Tyrnau,* 
and Erlau. Similar establishments arc also at Grciff*waldc 
in Pomerania, and at iHuiau in Courland. 

I 11 Poland there is an observatory at Cracow, and an¬ 
other at ihut: the latter was built and richly endowed 
by the countess Puzynina, a lady of fine genius as well as 
liberality. It was finished in 1733, and the instruments 
with which it is furnished were of great variety and value. 
I 11 1703 the king of Poland, by letters patent, gave it the 
title of Boy a] observatory, and appointed the learned Jesuit 
Poczobtit a»tionoincr-royal, who, in 1788, added another 
observatory, which he furnished with new instruments, 
chiefly made hy ilamsden. 

In Sweden observatories have been built at Stockholm 
and Upsal: that at Stockholm was founded in. 1746, by 
the Academy of Sciences. In 1753, Wargcntin was ap¬ 
pointed astronomer to it, and in 1783 he was succeeded 
by Nicandgr. '1 his observatory is situated on a hill north 
of the town, and contains a good collection of instru¬ 
ments, all made by English artists. . . 

The observatory at Upsal was built and endowed in 
173<) by the king of Sweden : it was first superintended by 
the celebrated Celsius, who has been followed by a succes¬ 
sion of able astronomers, particularly Hooker and Wargen- 
tin. 'The latter is well known us the author ot the tables 
of Jupiter’s satellites. 

At Dantzic there was an old observatory, celebrated as 
having been used by Hevclius, who has given a full de¬ 
scription of it in his work, entitled Machina Ccclestis. A 
new observatory was also built in that city in the year 1778 , 
which is at present superintended by Dr. Wolff. 

At Copenhagen the famous astronomical tower was 
finished in 1656. It was built by King Christian iv, at the 
recommendation of Longomonlanus, and has been for 
many years under the management of Mr. Bugge, who is 
celebrated os a very able astronomer. In his collection 
of observatories, he stales that the kings of Denmark had 
established observatories in Norway, Iceland, and Green¬ 
land. 

Iu Holland attention was paid to practical astronomy 
while it was a maritime state; but the science has of lute 
been much neglected. I 11 1690 an observatory was erected 
on the college of the university; and at Utrecht an an¬ 
cient tower was, in 1726 , converted into an observatory. 
Here the celebrated Van Musschenbrock observed for 
many years with great accuracy, and he was succeeded by 
M. Hcnnert. 

In Spain observatories have been built at Cadiz, Madrid, 
Seville, aud Carthngcnn. The observations made at Cadiz 
(at the Marine academy) by Miguel and Varilln, have 
been published in two volumes, which also contain a cata¬ 
logue of the instruments of the observatory, chiefly con¬ 
structed by French artists; aqd hence the observatories of 
Spain differ very little from those of France. Of late 
years, however, English instruments have been introduced 
there. 

At Lisbon , in 1728, King John the 5th had an observa¬ 
tory erected at his palace, which was well furnished, and 
accurute observations have been made there by the Je¬ 
suits, who also i ri cted an observatory at their own col¬ 
lege of St. Anthony, where father Carbon, in 1726, made 
good observations on the satellites of Jupiter, See Phil, 
Trans, vol. 35, pa. 408. 
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In 1787, a royal observatory was constructed at the 
Chateau dc St. George, in Lisbon, which was superintended 
by 31. Custodio Gomez. There is also one at Coimbra , 
which contains a fine equatorial by Troughton. 

At Petersburg an observatory was built, in 1725, by the 
czar Peter, who showed great zeal for science in general, 
and particularly for astronomy. When he was in Eng¬ 
land, some years before that period, he visited the lloyal 
Observatory at Greenwich, where lie examined both the 
building and the instruments with very great attention. 
The observutory which he afterwards built is one of the 
most magnificent in Europe. It is 130 feet high, with 
three stories, all lit for astronomical purposes. 31. De¬ 
lisle lias made, according to Lalande, a great number, of 
excellent observations here, which are preserved in inanu- 
script in the marine depot. 

At Moscow an observatory was built a few years ago, 
and furnished with some excellent English instruments, 
chiefly by Cary; but it is probable that they have been 
destroyed in the late conflagration of that city. 

In Ithly, practical astronomy has been cultivated with 
much assiduity and success during the last century, chiefly 
by ecclesiastics, and particularly by the Jesuits. 

At Home , cardinal Zelada constructed, at his opn ex¬ 
pense, on the southern part of the Roman college, a very 
fine observatory, with the large sector of father Boscovicb, 
and other instruments by Kamsden and Dollond. The 
abbe Calandrelli observed here with great attention and 
accuracy for many years. Other buildings of a similar 
description have been erected in different parts of Rome. 

At Bologna a magnificent observatory was built in 1714, 
in the palace of the Institute, by the munificence of the 
celebrated count Marsigli; and pope Benedict 14 gave 
afterwards a large sum of money towards the purchase of 
instruments. Merc a succession of able astronomers have 
observed, among whom may be mentioned Manfredi, Za- 
notti, Cantcrzani, &c. 

At Pisa the observatory is in the form of a tower. It 
was built in 1730, at the expense of the university, and 
supplied with superb apparatus made by Sisson, Short, 
Graham, &c. Perclli observed here for many years, and 
had for a successor M. Slope, who^ published an excellent 
collection of observations in 1789- 

At Milan there is an observatory, which is reckoned one 
of the most useful in Italy. It was built in 1765, at the 
cost of the college of the Jesuits, chiefly through the zeal 
of father Pallavicini, and under the direction of father 
Uoscovich, who also contributed liberally to the expense. 
The instruments have been made with great care by the 
principal French and English artists. Among the observers 
may be also mentioned llcggio, Oriani, and Cesaris. 

At Florence^ father Ximcncs erected .an observatory at 
the college of Jesuits, which contains a quadrant by Tos- 
canelli, larger than any other known, with which He made 
observations to prove the secular diminution of the obli¬ 
quity of the ecliptic. At his death he bequeathed the 
whole to the college. In 1772 the grand duke Leopold 
built an observatory, which M. Fontana superintended, and 
in 1786 several fine instruments by Ramsden were added 
toil. .. P 

At Turin father Beccaria creeled a small observatory; 
but in 1790 a large one was built at a very considerable 
expense, by the king of Sardinia, at the Royal College of 
Robles, and the direction of it given to the abb£ Caluso. 

At Venice an observatory was constructed by father 
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Panigai,and a small one* near the town by3I.Miotti. One 
was also built at Parma by father Ucigrado, and another 
at Brescia by father Cavaili. 

At Veronat Cagnoli, eminent both as a mathematician 
and astronomer, erected an observatory at his own ex¬ 
pense, in 17 & 7 , and placed in ii the best instruments, with 
which lie has made ve ry accurate and important observa¬ 
tions, particularly on the precession of the equinoxes, and 
on the places of 473 northern stars, and 28 southern, of 
which he has made a catalogue. I 11 these determinations 
he has been perhaps more attentive than any other astro¬ 
nomer to the minute changes of refraction, and to the 
aberration of light. 

At Padua there is an observatory, which in 1778 was 
furnished with instruments, chiefly made by Ramsden. It 
has been many years under the direction of M.Toaldo, 
who Inis published several useful works, especially a trea¬ 
tise on meteorology, which gained him the prize at the 
academy of Montpellier. 

In some of the islands of the Mediterranean observa¬ 
tories have also been established. We shall, however, no¬ 
tice only those of Malta and Sicily . 

In . 1783, the grand-master Emmanuel de Rohan, an 
amateur and enlightened protector of science, invited to 
Malta chevalier d’Angos, a skilful astronomer, who coin 
verted a tower of the palace into an observatory, which 
was furnished with the finest instruments that could be 
procured. I 11 a few years he made a great number of va¬ 
luable observations, which he intended to publish, but iu 
March 17SJ>, the observatory having caught fire, the in¬ 
struments were broken, and the papers burnt, a serious 
loss to astronomy, particulaily ns this was the most south¬ 
ern observutory of Europe, in latitude 36°. 

At Palermo an observatory was constructed in the pa¬ 
lace of the viceroy, under the direction of father Piazzi, 
who went to Paris in 1787 to study astronomy, and who 
afterwards visited England, in order to consult the prin¬ 
cipal artists on the construction of instruments. In 1789 
he returned to Palermo, and added to the upparutus a fine 
transit instrument, and a complete circle, made by Rams- 
den. His first lubours were directed to the formation of 
a correct catalogue of stars, and, as n foundation, he chose 
Wollaston’s catalogue, and particularly, as his chief points 
of reference. Dr. Maskelync's 36 stars. The positions of 
some of the larger stars he verified by nearly a hundred 
observations, and in the prosecution of this task, in 1S01, 
be discovered a new planet, which he named Ceres, iu ho¬ 
nour of Sicily, us that island was, on account of its ferti¬ 
lity, anciently consecrated to the goddess Ceres. This 
discovery was the more important, as it excited the curio¬ 
sity and research of other astronomers, by which three 
more planets have been since discovered. 

English Observatories . 

The Greenwich Obscrvatoiy, or the Royal Observutory 
of England, wns built and endowed by King Charles 11 , 
who, to use the words of Bailly, “ well knew how essen¬ 
tial astronomy was to a maritime and commercial people 
like the English, who aspired to the empire ol the seas.” 
This building was erected on the site of 1 the ancient 
moated tpwer of Duke Humphrey, uncle to llenry 6 , and 
the first stone of it was laid Aug. 10, 1675, by Mr. Flam- 
sterd, who hud been appointed astronomer-royal. It is 
situated on the highest eminence of Greenwich park,, 
about J 60 feet ubovo low-wutcr mark. The soil here ia 
particularly favourable for such uu institution,, being of a 
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flinty gravel, through which ihe rain soon passes, and tims 
flie atmosphei r is generally dry, which contributes to the 
j»n M-rva.ion of the instruments* us well as to the uniformity 
ol refructioir. 

This establishment comprehends two principal build¬ 
ings, one of which is the observatory, and the other the 
dwelling-house ol the astronomer-royal. The observatory 
i*' an oblong edifice, running c ast and west, and containing 
four rooms or apartments on the ground-floor. The first, 
or most easterly room, has been lately erected for the re¬ 
ception and fitting up of a very fine transit circle, by 
Troughton, and a clock of great value by Hardy. 

1 he next apartment is the transit room. It has a double 
sloping roof, with sliding shutters, which are opened both 
north and south, with great ease, by pulleys. '1 lie transit 
instrument, which is 8 feet long, and the axis 3 fret, is 
suspended on two stone pillars. This instrument is fa¬ 
mous us having been used by llallry, Bradley, and Masko 
lyne. It was originally made by Bird, and has been suc¬ 
cessively improved by Dollond and Troughton. 'Flic as¬ 
tronomical or transit clock, which is attached to a stone 
pillar, was made by Graham, and lias been rendered very 
accurate by Earnsliuw. 

The third apartment is the assistant observer's library 
and place for calculation; and the western apartment of 
the building is the quadrant room. Here is erected a stone 
pier, running north and south, to which arc attached two 
mural quadrants, each of 8 feet radius. That on the 
eastern face, which observes the southern meridian, was 
made by Bird, and the other, which observes the northern, 
by Graham. Suspended to the western wall is the fa¬ 
mous zenith sector, with which Bradley made tlie obser¬ 
vations at Kew and NVanstcnd, that led to the discoveries 
of the aberration of light, and the nutation of the earth's 
axis. 

South of the quadrant room is a small wooden building 
for making occasional observations in any direction, where 
only the use of a telescope, and an accurate knowledge of 
the time, are required. It is furnished with sliding shut¬ 
ters on the roof and sides, to view any point of the hemi¬ 
sphere, from the prime vertical down to the southern ho¬ 
rizon. It contains some excellent telescopes, particularly 
a forty-inch achromatic, with a triple object-glass, and a 
five-feet achromatic, both by Dollond ; with a six-feet re¬ 
flector, by Dr. Herschcl. 

To the north of the observatory and cast of the house are 
two small buildings, covered with hemispherical sliding 
domes, in each of which is an cquatoriul sector, by Sisson, 
and a clock, by Arnold. These arc chiefly used for ob¬ 
serving comets. 

Of the dwelling-house, the lower apartments are occu¬ 
pied by the astronomer-royal, and over them is a large 
octagonal room, which contains a great variety of astrono¬ 
mical instruments, with a library, consisting chiefly of 
scientific and scarce works. On the top of the house is an 
excellent camera obscura, which could not be better placed 
for the exhibition of interesting objects. 

In Flamsteed’s time a well was sunk in the south-east 
corner of wbjft is now the garden, behind the observatory, 
for the purpose of seeing the stars in the day-time, and ob¬ 
serving the earth’s annual parallux. It was a hundred 
feet deep, with stone stairs down to the bottom : but it has 
been long arched over, as the improvements in the tele¬ 
scope have rendered it unnecessary for astronomical pur¬ 
poses. 
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The observations made at tlie Royal Observatory arc 
universally allowed to possess an unrivalled degree of ac¬ 
curacy. M. Dclambre, in a paper composed by him on 
the life and labours of Dr. Maskelyne, and read bcforche 
National Institute, Jan. 4, 1813, makes the following rc- 
maik. “ He (Dr. Masked) nc) has given a catalogue of 
stars, not numerous, but so accurate, as to have served, 
almost solely for the last 30 years, as the foundation of all 
astronomical researches. In short, it may be said of the 
four volumes of Observations which he has published, that 
if, by a x great revolution, the sciences should b»> lost, and 
that tliis collection only were saved, there would be found 
in it sufficient materials to construct almost an entire edi¬ 
fice.of modern astronomy; which cannot be said of un/ 
other collection.” , 

The following arc the names of the astronomers who 
have ofliciated here in succession, with the times of their 
services respectively: Flamsteed, 43 years; llallry, 23 
years; Bradley, 20years; Bliss, 2 years; and Maskelyne, 
4(> years. Maskelyne has been succeeded by John Pond, 
Esq. f.u.s. who wus appointed astronomer«toyal iif Febru¬ 
ary IS 12. 

Dr. IlcrschcUs Observatory at Slough, near Windsor, 
though not a fixed one, will ever claim a distinguished 
place in the history of astronomical institution*. It differs 
from nil other observatories in plan and apparatus; and it 
exceeds all others in the number ol its discoveries. 

In describing this observatory, it should be 'premised, 
that Dr. HerschcTs labours derive a peculiar character 
and interest from the circumstance, that his discoveries arc 
the result of his own inventions. For to his profound 
knowledge of astronomy he unites that of optics, both in 
theory and practice, by which lie lias been enabled to cast 
and polish mirrors for reflecting telescopes, greatly su¬ 
perior to any others, not only in magnifying power, but in • 
Collecting, or, as it were, preserving light, by which vision 
is wonderfully extended, and which he very expressively 
denominate s * 4 the power of penetrating into space.” The 
telescopes, which arc all made under his direction, arc of 
various sizes, from two feet in lcngt]i up to forty feet, and 
the apparatus and machinery with which they arc mounted 
are also ol his invention, and exhibit u very ingenious dis¬ 
play of mechanism. 

As his larger telescopes could not be cbnvcnicntly ma¬ 
naged within the cover of a building, they arc mounted in 
the open air, where they stand pointing to the heavens in 
different directions, and make a most magnificent and im¬ 
pressive appearance. Thus they are placed in what hus 
been culled the primitive observatory of man, 14 non sub 
tecto sed sub coelo in puro dio.” 

His largest telescope is 40 feet long and 5 in diameter. 
It contains n mirror of about n ton weight; and this great 
instrument, with nearly an additional ton of cases, &c, 
is managed by a ycry slight force. It is placed on a large 
circular frame, which turns on rollers, and the top is sus¬ 
pended by ropes from very lofty ladder-work. Thus, by 
a system of wheels, pinions, racks, and pulleys, the mo¬ 
tions, both horigontal and vertical, are given, and hence 
any celestial object is readily found and commodiously 
viewed, h was finished in 1787, and on the first trial a 
new satellite of Saturn was discovered by it, and a second 
soon after. A very full and accurate account of bis in¬ 
ventions and discoveries, as well as a particular description 
of .his telescopes and tbeir apparatus (with plates), will 
be found in the Philosophical Transactions, to which ho 


I 


OBS 


O B S 


C >29 ] 


lias been a most important contributor, having supplied 
that work with nearly 70 elaborate and ingenious cominu- 
nications. 

Two of his telescopes, of smaller size, are famous in the 
annals of discovery. The first is a two-fiet Newtonian 
reflector, with which his sisicr Miss Carolina Ilerschcl, 
whose astronomical attainments do great honour to her 
sex, discovered six comets; and the other is his seven-feet 
reflector, by which he discovered the Georgian planet at 
Rath, in 1781. This telescope has, in consequence of 
the discovery, been made a constellation in the heavens 
with the universal approbation ot astronomers. It is 
placed between Gemini, the Lynx, and Auriga, and con¬ 
tains 81 stars. In Hode's atlas it is engraved with its ap¬ 
paratus, and marked Telescopiuin Herschelii. Dr. ller- 
schel, though in his 76 th year, is still an active and inde¬ 
fatigable observer. He was born, at Hanover, Nov. 15, 
1738, a period which will be ever memorable in the history 
of astronomy. 

The Kings private Observatory in Richmond gardens is 
extremely beautiful in structure and apparatus, as well as 
in situation. It was built, in 176*8, by order of his pre¬ 
sent majesty George 3, who, it is said, made several obser¬ 
vations here, particularly ot the transit of Venus in 
176y. It contains a fine transit instrument, a zenith 
sector, and a mural arc, with several good telescopes, 
especially a ten-feet reflector of Dr. Hcrschcls. Here is 
a superb equatorial on the top of the building, which is 
covered with a moveable roof. There arc also two fine 
orreries, with an excellent collection of philosophical in¬ 
struments, and some cases of minerals and other natural 
curiosities. It was built under the direction of Dr. De- 
mainbfay, and has been, for some years, in the care of 
Mr. Rigaud. 

Oxford Observatory is a most magnificent structure, 
and the instruments perfectly correspond with the building. 
It was begun in 1772, from very ample funds bequeathed 
by Dr. Radcliflc, and the land on which it stands was the 
gift of the duke of Marlborough. The transit instru¬ 
ment, which is 10 fept long, shows very small stars in the 
day-time. It is said to have cost 150 guineas, the zenith 
sector 200 guineas, and the two mural quadrants 600 
guineas. There arc also very excellent telescopes and 
clocks here, the former by Hcrschcl and Dollond,and the 
latter by Shelton. It was built under the direction of Dr. 
Hornsby, professor of astronomy in the university, who 
observed here for many years, and he has been succeeded 
by Dr. Robertson, the present worthy professor of astro¬ 
nomy. The observations arc all registered, and consist 
chiefly of the right ascensions and zenith distances of 
the sun, moon, planets, and fixed stars. In Dr. Horns¬ 
by's time, the registry was sometimes broken from ill 
health ; for he had no assistant observer; but one lias 
been of late added to the establishment, so that the ob¬ 
servations will not, in future, be liable to the like inter¬ 
ruptions. 

At Cambridge there have been small observatories at 
Christchurch,Trinity, St.John's, &c, and af>lan is said to 
be now on foot for erecting one upon a great scale, and 
worthy the scientific fume of that learned university. 

Portsmouth Observatory.— At the Iloyal Marine Aca¬ 
demy, Portsmouth, there is an observatory under the di¬ 
rection of Mr. Professor Inman, which is of peculiar uti¬ 
lity, both in teaching the pupils practical astronomy, and 
in finding the rate of time-keepers for seamen. 
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At Christ's Hospital , Mr. Wales (who had served under 
Dr. Maskel}nc and Capt. Cook) erected a small observa¬ 
tory at his own expense, when he became master of the 
royal mathematical school there. 

The Royal Society have at Somerset House a small ob¬ 
servatory, which is generally superintended by the secretary 
for the time being. 

At Highbury Jlouse 9 near Islington, an observatory was 
built in the year 1787, by Alexander Aubi it, Esq, which, 
for perfection of plan and splendour ol apparatus, per¬ 
haps has never been equalled by any private individual. 
This gentleman, whose scientific and liberal pm suits de¬ 
serve honourable mention, died in the year 180b, and his 
grand collection of instruments was disposed of by auc¬ 
tion, and of course dispersed. Similar notice may be 
taken of other observatories contemporary with that of 
Highbury, particularly those of Count Brulil at Hare- 
field, Sir George Sliuckburgh at Shuckburgh, William 
Larkins, Esq. at Blackheath, and the Hon. Charles Gre- 
ville at Milford, all of which were on a great scale, and 
have been discontinued after the demise of the owners. 
Thus in private observatories, though the astronomers 
may bequeath their apparatus to their heirs, they cannot 
transfer either their taste or their science. It is only in 
public establishments that permanence can be expected. 

Among the private observatories of the present day, the 
following alphabetical list may be also mentioned. 

Stephen Groombridge, Esq. 

Duke of Marlborough. 

Rev. Mr. Catton. 

Rev. Francis Wollaston. 

William Strutt, Esq. 

Rev. William Pearson. 

Dr. Kelly. 

The Duke of Richmond. 

Dr. William Burney. 

Colonel Bcaufoy. 

William Walker, Esq. 

Capt. Huddart. 

William Hodgson, Esq. 

Gavin Lowe, Esq. 

James Strode Butt, Esq. • 

Sir Henry Englcficld, Bart. 

John Fuller, Esq. 

Earl of Macclesfield. 

Mr. Professor Lax. 


Blackheath 

Blenheim 

Cambridge 

Chiselhurst 

Derby 

East Sheen 

Finsbury Square 

God wood 

Gosport 

Hackney Wick - 
Hayes 

Highbury Terrace 

lioddesdon 

Islington 

Paragon, Southwark 

Park-lane 

Rose Hill, Sussex 

Shcrburii 

St.Ibbs, Hitchin- 


Woolwich - Royal Mil. Acad. 

Scotch Observatories. —In the different universities of 
Scotland professorships of astronomy have been esta¬ 
blished, but it has been here, as in most other universities, 
the theory of the science has been more attended to than the 
practice. At Edinburgh and Aberdeen there have been, 
however, observatories; and at Glasgow there is also a 
small one belonging to the college, but of late a magnifi¬ 
cent one has been erected by a society of gentlemen, which 
is likely, when finished, to be very useful as well as ho¬ 
nourable to that commercial city. 

Irish Observatories. —In Ireland two observatories have 
been established on a great scale, the one at Dublin, and 
the other at Armagh. The observatory belonging to Tri¬ 
nity-college, Dublin, commonly called the Dublin obser¬ 
vatory, was begun in the year 1783. It was founded by 
Dr. Francis Andrews, provost of that college, who be¬ 
queathed a large income for this purpose. The apparatus 
are, a transit instrument of 6 feet focal length, with a 4- 
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fret axis, bearing 4 inches and a quarter aperture, with 
three different magnifying powers up to 6'00. An entire 
circle of JO feet diameter on a horizontal axis for measur¬ 
ing meridian altitudes. An equatorial instrument, with 
circles of 5 feet in diameter: and an achromatic tele¬ 
scope, mounted on a polar axis, and carried by an helio¬ 
static movement. C locks were also ordered from Mr. 
Arnold, without any limitation of price. 

The situation chosen for the observatory is on elevated 
ground, about four English miles n. w. ot Dublin. The 
foundation is a solid rock of limestone, of several miles 
extent; and the soil is very favourable, beinga calcareous 
substance called limestone gravel, which is remarkable for 
absorbing the rain, and thus contributing to a dry atmo¬ 
sphere. The plan of the building unites at once both 
elegance and convenience. In the centre is a magnificent 
dome of three stories high, with a moveable roof for the 
equatorial instrument, which is placed on a pillar of 16 * 
feet square, of tlie most substantial masonry, and sur¬ 
rounded by a circular wall at a foot distance, that supports 
the moveable dome, and also the floois, which in no part 
touch the pillar : thus, no motion of the floor or wall can 
be communicated to the instrument. The aperture for 
observation in the dome is two feet and a half wide. 

The most important erection belonging to this establish¬ 
ment is behind the main building, and at right angles to 
it, in order to obtain an uninterrupted view both north and 
south. This is the meridian or transit room, which con¬ 
tains both the transit instrument and the circle. It is 37 
feet long, by 23 broad, and 21 high. Fine pillars of Port¬ 
land stone arc erected for both instruments on the most 
firm basis, and the floor is so framed as to let all the pil¬ 
lars rise totally detached from it. The clocks are attach¬ 
ed to pillars of the greatest steadiness also : they were 
made by Arnold, who exerted his best skill, and are 
finished in a masterly manner; the pallets are of ruby; 
and all the last holes of the movement jewelled ; the 
suspension springs are of gold, with Arnold's own fivc- 
barred pendulum, and checks capable of experimental ad¬ 
justment, so ns to make all vibrations isochronul, what¬ 
ever may be the excursion of the pendulum. 

'I lic Kev. Dr. Usher, the first astronomy professor, did 
not long enjoy the pleasures of astronomy. He died in 
1790, before the instruments had been all supplied. He 
was succeeded by the Rev. Dr. Brinkley, who was reared 
under Dr. Maskclync, and had distinguished himself at 
Cambridge by profound analytical investigations, and who 
has since greatly enriched the Transactions of the Royal 


Irish Academy by mathematical and astronomical com¬ 
munications. 

From a new 8 feet circle, by Berge, important results 
are expected, particularly on parallax, aberration of light, 
and refraction. Dr. B. has been for some time engaged in 
a series of observations with a view to explain the cause of 
variations which he has found in the zenith distances of 
certain stars at different times, which do not seem expli¬ 
cable by any cause at present generally allowed. lie has 
found a difference between the zenith distances of a Lyra;, 
when in opposition ami conjunction, which may be explain¬ 
ed by a parallax of about 2 seconds. 1 he new transit cir¬ 
cle just erected at Greenwich possesses advantages for such 
purposes, and great hopes may therefore be formed from 
the concurrent operations of those two instruments. 

Armagh Observatory .—At Armagh, the metropolitan 
city of Ireland, and anciently the seat of a large univer¬ 
sity, an observatory has been erected and endowed m 
1793, by the most reverend Richard lord Rokcby, then 
primate of Ireland. It is erected on the summit of a 
gently rising hill, about 90 feet above the general level of 
the town. The tower, which joins the dwelling-house, 
contains a very fine equatorial by Troughton, fixed on a 
large pillar, which is raised so high that the instrument in 
the dome can overlook all the buildings. To the east of 
the house is a range of buildings for the transit room, anil 
other astronomical purposes. The principal instruments, 
besides the equatorial and transit, are a ten-feet sextant by 
Troughton; a ten-feet reflecting telescope by' Dr. Hcrs- 
chcl ; a live-foot triple object-glass achromatic telescope 
by Dollond; and also a fine night gla*s on an equatorial 
stand. The clocks arc by Eurnshaw of London, and 
Crossthwaitc of Dublin. 

In this establishment a liberal income is allowed to the 
principal astronomer, and a good salary to his assistant. 
It has been superintended from the beginning by the Rev. 
James Archibald Hamilton, D. n. dean of the cathedral 
church of St. Coleman, C loync. The registered observa¬ 
tions hero, are those made with the transit instrument and 
equatorial ; and also an account ot the temperature and 
weight of the atmosphere. Of these, a series of about 18 
years is preserved. The right ascensions of the sun and 
moon, compared with the fixed stars, are regular and un¬ 
broken; but their north polar distances have not been so 
constantly taken, as they ure only observed by the prin¬ 
cipal astronomer, w hose pastoral duties must occasionally 
interfere with his astronomical labours. 


A Table of the Longitudes and Latitudes of the principal Observatories of Europe , as deduced forn the most recent and 

accurate Determinations % 


Names of Places. 


Amsterdam 

Armagh - 

Berlin 

Blenheim 

Bologna 

Bremen - 

Breslatv 

Brunswick 

Buda 

Cadiz 


Latitude North. r Lon B. U « d . e f ™ n * 

Orccnwich in rime. 


52° 22' 17" 
54. 21 15 

52 31 45 

51 50 28 

4 V 29 56 

53 4 46 

51 6 30 

52 15 29 

47 29 44 

30 32 1 


0 h 19m 
0 26 
0 53 
O 5 
0 45 

0 35 
1 8 
0 42 

1 16 
0 25 


32* F. 
30 w 
26 e 
25. w 
23 E 
12 E 
11 E 
8 E 

10 E 
10 w 


Names of Places. 


Cambridge 
Ca9sel 
Coimbra - 
Constantinople 
Copenhagen 
Cracow 
Cremsmunster 
Dantzic - 

S orpat 
resden - 
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Names cf Places. 

Latitude North. 

Loiuiitudi 

Greenwich 

; from 

in Time. 

Dublin 

53° 

23' 

14*' 

O 

25 

20 w 

Eisenberg 

50 

57 

58 

0 

39 

50 e 

Florence - 

43 

46 

41 

0 

45 

3 E 

Genoa 

44 

24 

59 

O 

55 

52 E 

Glasgow - 

55 

51 

32 

0 

17 

4 w 

Gotha (Seeberg) 

50 

56 

7 

0 

42 

56 e 

Gottingen 

51 

31 

54 

0 

39 

42 e 

Greenwich 

31 

28 

40 

0 

O 

O 

Highbury House 

51 

33 

30 

0 

O 

23 w 

Hyeres 

43 

7 

2 

0 

24 

31 E 

Leipsic 

5 1 

20 

44 

0 

49 

2S E 

Leyden 

52 

9 

30 

0 

17 

55 E 

Lilienthal 

53 

8 

25 

0 

35 

35 E 

Lisbon 

38 

42 

50 

0 

36 

•34 w 

London (Chr. Hos.) 

51 

30 

57 

0 

O 

24 w 

Madrid 

40 

2 J 

18 

0 

14 

47 w 

Manheim 

49 

29 

18 

0 

33 

55 e 

Marseilles 

43 

17 

50 

0 

21 

29 e 

Milan 

45 

28 

o 

0 

36 

45 E 

Mirepoix - 

43 

5 

19 

0 

7 , 

30 w 

Mitiau- 

50 

39 

6 

1 

34 

5 1 E 

IMontauhan 

40 

0 

55 

• 

0 

13 

19 E 

Montpelier 

43 

36 

29 

0 

15 

31 E 

Moscow - 

55 

45 

45 

2 

30 

12 E 

Munich 

48 

8 

20 

0 

46 

20 E 


Observatory Portable. See Equatorial. 

OBTUSE Angle, one that is greater than a right-angle. 

Outv st-angled Triangle, is a triangle that has one of 
its angles obtuse: and it can have only one such. 

Obtuse Cone, or Obtuse -Angled Cone , one whose 
angle at the vertex, by a section through the axis, is ob¬ 
tuse. 

Obtuse Hyperbola , one whose asymptotes form an ob¬ 
tuse angle. 

OBTUSE-an/jn/ar Section qf a Cone, a name given to the 
hyperbola by the ancient geometricians, because they con¬ 
sidered this section only in the obtuse cone. 

OCCIDENT, or Occidental, west, or westward, in 
Astronomy; a planet is said to be Occident, when it sets 
after the sun. 

Occident, in Geography, the westward quarter of the 
horizon, or that part of the horizon where the ecliptic, or 
the sun's place in it, descends into the lower hemisphere. 

Occident Equinoctial , that point of the horizon where 
the sun sets, when he crosses the equinoctial, or enters the 
sign Aries or Libra. 

Occident Estival, that point of the horizon where the 
sun sets at his entrance into the sign Cancer, or in our 
summer when the days are longest. 

Occident Ilyber^al, that point of the horizon where 
the sun sets at midwinter, when entering the sign Capri¬ 
corn. 

Occidental Horizon. Sec Horizon. 

OCCULT, in Geometry, is used for a line that is scarce 
perceivable, drawn with the point of the compasses, or a 
black-lead pencil. Ocpult or dry lines are used in seve¬ 
ral operations; as the raising of plans, designs of building, 
pieces of perspective, Ac. They are to be effaced or rub¬ 
bed out when the work is finished. 

OCCULTATION, the obscuration of any star or pla¬ 
net, by the interposition of the body of the moon, or any 
•ther planet.—The occultation of a star by the moon, if 


Names of Places. 

Latit 

JHe N 

orth. 

Longitude from 
Greenwich in Time. 

Naples 

_ 

40 

50 

15 

0 

57 

5 E 

Nuremberg 

- 

49 

2d 

55 

O 

41 

17 E 

Oxford 

- 

51 

45 

3S 

() 

5 

2 w 

Padua 

- 

45 

24 

o 

0 

47 

32 e 

Palermo - 

- 

38 

6 

44 

() 

53 

21 E 

Paris 

- 

48 

50 

14 

() 

9 

21 E 

Petersburg 

- 

59 

56 

23 

o 

1 

13 E 

Pisa 

- 

43 

4 3 

1 1 

0 

41 

26 E 

Portsmouth Acad. 

j 50 

48 

2 

0 

4 

24 w 

Prague 

- 

50 

5 

19 

() 

57 

41 n 

Ratishon - 

- 

49 

0 

58 

0 

48 

26 e 

Richmond 

- 

51 

28 

8 

0 

1 

15 w 

Rome 

- 

41 

54 

1 

0 

49 

51 E 

Slough 

- 

51 

30 

20 

0 

2 

24 w 

Stockholm 

- 

59 

20 

31 

1 

12 

13 E 

Strasburgh 

- 

4S 

34 

56 

0 

30 

59 E 

Toulouse - 

- 

43 

35 

46 

0 

5 

46 n 

Turin 

— 

45 

4 

14 

0 

30 

40 e 

Upsal 

- 

59 

51 

50 

1 

10 

36 e 

Utrecht 

- 

52 

5 

12 

0 

20 

27 e 

Venice 

• 

45 

25 

54 

0 

49 

24 e 

Verona 

m 

45 

26 

6 

0 

41 

1 E 

Vienna 

- 

48 

12 

36 

l 

5 

31 E 

Viviers 

- 

44 

29 

13 

0 

18 

41 E 

Wilna 

- 

54 

41 

O 

1 

41 

10 E 


observed in a place whose latitude and longitude are well 
determined, may be applied to the correction of the lunar 
tables; but if observed in a place whose latitude only is 
well known, it may be applied to the determining the 
longitude of the place. 

Circle of Perpetual Occultation. See Circle. 

OCEAN, the vast collection of salt water, which en¬ 
compasses most parts of the earth. By computation it 
appears that the ocean takes up considerably more of what 
we know of the terrestrial globe, than the dry land does. 
This is perhaps easiest known, by taking a good map of the 
world, and with a pair of scissars clipping out all the 
water from the land, and weighing the two parts sepa¬ 
rately : by which means it has been found, that the water 
occupies about two-thirds of the whole surface of the 
globe. 

The great and universal ocean is sometimes, by geogra¬ 
phers, divided into three parts. As, 1st, the Atlantic and 
European ocean, lying between part of Europe, Africa, 
and America; 2d, the Indian ocean, lying between Africa, 
the East-Indiau islands, and New Holland ; 3d, the Pa¬ 
cific ocean, or great south sea, which lies between the 
Philippine islands, China, Japan, and New Holland on 
the west, and the coast of America on the east. The ocean 
also takes divers other names, according to the different 
countries it borders on : as the British ocean, German 
ocean, &c. Also according to the position on the globe ; 
as the northern, southern, eastern, and western oceans. 

The ocean, penetrating the land at several straits, 
loses its name of ocean, and assumes that of sea or gulph; 
as the Mediterranean sea, the Persian gulph, &c. In very 
narrow places, it is called a strait, &c. 

OCTAEDRON, or Octahedron, one of the five re¬ 
gular bodies ; contained under 8 equal and equilateral 
triangles.—It may be conceived ns consisting of two qua¬ 
drilateral pyramids joined together at their bases. 

To form an Octaedron. Join together 8 equal and cqui- 
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lateral triangles, as in fig. 1 ; then cut the lines hall" through, 




and fold the figure up by these cut lines, till the extreme 
edges meet, and form the octaedron, as in figure 2 -—In 
an octaedron, if 

a be the linear edge or side, 
u its whole surface, 
c its solidity, or solid content, 

K the radius of the circumscribed sphere, and 
r the radius of the inscribed sphere: Then 

A = rv /6 = ltv/2 = jBv/.l = l/\c y/2. 

V = 12rV3 = 4 rV3 = 2a V3 = 6JSlc^3. 
c = 4rV3 = = T'fBv/(D \/3). 

n = r n/ 3 = i a v/2 = = v^-lc. 

r = jav/3 = lAy/6 = ly/in^/3) = 

See my Mensuration, pa. 188, 4th edition. 

OCTAGON, is a figure of 8 sides and angles; which, 
when these are all e qual, is also called a regular one, or 
may be inscribed in a circle. 

If the side of a regular octagon be .t; then 

Its area = 2s* x (I y/2) = 4 # 82S4271$*; and the* 

radius of its circumsc. circle =- 7 - • 

Octagon, in Fortification, denotes a place that has 8 
sides, or 8 bastions. 

OCTANT, the 8th part of a circle. 

Octant, or Octilf., means also an aspect, or position 
of two planets, when their places arc distant by the 8 th 
part of a circle, or 45 degrees. 

OC TAVE, or 8 th, in Music, is an interval of 8 sounds; 
every 8 th note in the scale of the gamut being the same, 
as far as the compass of music requires. 

'lories, or sounds, that arc octaves to each other, or at 
an octave's distance, are alike, or the same nearly ns the 
unison. In this case, the more acute of the two makes ex¬ 
actly two vibrations, while the deeper or graver makes but 
one ; whence, they coincide at every two vibrations of the 
neuter, which, being more frequent, makes this concord 
more perfect than any other, and as it were an unison. 
Hence also, it happens, that two chords or strings, of the 
same matter, thickness, and tension, but the one double 
the length of the other, produce the octave. 

The octave containing in it all the other simple con¬ 
cords, and the degrees being the differences of these con-* 
cords; it is evident, that the division of the octave com¬ 
prehends the division of all the rest. By joining therefore 
all the simple concords to a common fundamental, we 
have the following series 

1 • & • $ • i i • j *4 • -y 

Fund. 3d/, 3d g , 4lb , 5th, 6th/, 6th g*, 8ve. 

Mr. Malcolm observes, that any wind instrument being 
over-blown, the sound will rise to an octave, and no other 
concord ; which he ascribes to the perfection of the octave, 
and its being next to unison. 

Descartes, from an observation of the like kind, viz, 
that the sound of a whistle, or organ pipe, will rise to an 
octave, if forcibly blown, concludes, that no sound is 
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heard, but its acute octave seems some way to echo or 
resound in the car. 

OCTILE. See Octant. 

OCTOBER, the Sih month of the year, in Romulus's 
calendar; but the tenth in that of Numa, Julius Caesar, 
&c, after the addition of January and February. I bis 
month contains 31 days; about the 22d of which, the 
sun enters the sign Scorpio 

OCTOSTYLE, in Architecture, the face of a building 
adorned with 8 columns. 

ODD Number, in Arithmetic, is any number in the 
series I, 3, 5, 7, &c. An odd number, when divided by 
2 , always leaves the remainder 1 ; and hence all odd num¬ 
bers are said to be of the form Qn J, and all odd square 
numbers of the form 8 n -h 1 , that is, any odd square num¬ 
ber, being divided by 8 , always leaves the remainder 1 : 
thus 9 = 8 + 1, 25= 3 • 8 1, 49 = 6 • 8 -f- 1, &C. 

The difference of all the consecutive square numbers, 
beginning with unity, forms the series of odd numbers, 1 , 
3 f 5, 7, 9» &c f as appears by subtracting each preceding 
square fiom the following one, in the series of squares. 
Squares 1 4 9 16 25 36 49 &c. 

Differences f, 3 , 5 , 7, 9, 11, 13, &c. 

An odd number cannot be divided by an even number. 

Every prime number except 2 is an odd number. 

Any power of an odd number is an odd number. 

If an odd number divide an even number, it will also 
divide half that even number. 

Every odd number prime to 10, is a divisor of any rc- 
petend digit. S*c Number. 

- ODDLY-ODD. A number is said to be oddly-odd, 
when an odd number measures it by an odd number. S(f 
15 is a number oddly-odd, because (be odd number 3 
measures it by the odd number 5. 

OFFING, or Offin, in Navigation, that part of the 
sea which is at a considerable distance from shore ; where 
there is deep water, and no need of u pilot to conduct the 
ship into port. 

OFFSETS, in Surveying, are the perpendiculars let fall, 
and measured from the station lines, to the cornets or 
bonds in the hedge, fence, or boundary of any ground. 

Offset -Staff", a slender rod or staff, of 10 links, or 
other convenient length. Its use is for measuring the off- 
setts, and other short lines and distances. 

OFFWAllD, in Navigation, the snine with Front the 
shore, &c. 

OGEE, or OG, an ornamental moulding in the shape 
of an S ; consisting of two members, the one concave, and 
the other convex. 

OLBERS, is a name given by some astronomers to a 
new planet discovered by Dr. Olbers at Bremen, on the 
28th of March 1802.' It is thus named in honour of this 
indefatigable astronomer, who has since, viz, an the 29 th 
of March 1807, discovered a second new planet, to which 
he has given the name of Vesta; the first having also re¬ 
ceived the appellation of Pul Ins. The former of these 
might be otherwise named Olbers and the latter Olbers*. 
The elements of each may be found under their jcspcclive 
names. See Pallas and Vesta. 

OLDENBURG (Henry), who wrote his name some¬ 
times Gnu bendol, transposing the letters, was njearned 
German gentleman, and born in the duchy of Bremen in 
the Lower Saxony, about the year 1626 , being descended 
from the counts of Aldenburg in* Westphalia; whence his 
name. During the long English parliam^tt in the tirna 
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of Charles the 1st, he came to England as consul for his 
countrymen ; in which capacity he remained at London 
in Cromwell’s administration. But being discharged of 
that employment, he was engaged as tutor to lord Henry 
Obryan, an Irish nobleman, whom he attended to the uni¬ 
versity of Oxford ; and in 1656* he entered himself a stu¬ 
dent in that university, chiefly to have the benefit ot con¬ 
sulting the Bodleian library. He was afterwards appointed 
tutor to lord William Cavendish, and became intimately 
acquainted with Milton the poet. During his residence at 
Oxford, he became also acquainted with the members ot 
that society there, which gave birth to the Royal Society ; 
and on the establishing of this latter, he was elected a 
member of it: and when the Society found it necessary 
to have two secretaries, he was chosen assistant to Dr. 
Wilkins. He applied himself with extraordinary diligence 
to the duties of this office, and began the publication ot 
the Philosophical Transactions with No. 1, in 16*64. In 
order to discharge this task with more credit to himself 
and the Society, he held a correspondence with more than 
seventy learned persons, and others, on a great variety of 
subjects, in different parts of the world. '1 his fatigue 
would have been insupportable, had he not, as he told Dr. 
Lister, managed it so as to make one letter answer another; 
and that, to be always fresh, he never read a letter before 
lie was ready immediately to answer it: so that the multi¬ 
tude of his letters did not embarrass him, nor ever lie upon 
his hands. Among others, he was a constant correspondent 
of Mr. Robert Boyle, and lie translated many of that in¬ 
genious gentleman's works into Latin. 

About the year 16*74 he was drawn into a dispute with 
Mr. Hooke, who complained, that the secretary had not 
done him justice, in the History of the'I ransactions, with 
respect to the invention of the spiral spring for pocket 
watches ; the contest was carried on with some warmth on 
both sides, but was at length terminated to the honour ot 
Mr. Oldenburg; for, pursuant to an open representation 
of the affair to the Royal Society, the council thought lit 
to declare, in behalf of their secretary, that they knew 
nothing of Mr. Hooke having printed a book entitled 
Lampas, &c ; but that the publisher of the Transactions 
had conducted himself faithfully and honestly in managing 
the intelligence of the Royal Society, and that he had given 
no just cause for such reflections. 

Mr. Oldenburg continued to publish the Transactions 
as before, to No. 136, Junc25, 16*77 ; after which the 
publication was discontinued till the January following; 
when they were again resumed by his successor in the se¬ 
cretary’s office, Mr. Ncbemiah Grew, who carried them on 
till the end of February l6?8. Mr. Oldenburg died at 
his house at Charlton, between Greenwich and Woolwich, 
in Kent, August 1077 f and was interred there, being near 
52 years of age. 

1/e published, besides what has been already mentioned, 
20 tracts, chiefly on theological and political subjects ; 
in which he principally aimed at reconciling differences, 
and promoting peace and unanimity. 

OLYMPIAD, in Chronology, a revolution or period of 
4years, by which the Greeks reckoned their time: so called 
from the Olympic games, which were celebrated every 4th 
year, during 5 days, near the summer solstice, outlie banks 
of the river Alpbcus, near Olympia, a town of Elis. As each 
olympiad consisted of 4 years, these were called the 1st, 
2d, 3d, and 4tli year of each olympiad ; the first year com¬ 
mencing wilhjtipCfcarest new moon to thc.sumnur solstice. 


The fir*t olympiad began the 3.938th year of the Julian 
period, the 3208th of the creation, 776 years lx foie the 
birth of Christ, or 24 years before the foundation of Rome. 
And the compulation by these ended with the 404th 
olympiad, being the 440th year ot the present vulgar 
Christian era. 

OMBROMETER, a name given by Mr. Roger Picker¬ 
ing (Philos. Trans. No. 473,) to what is more commonly, 
though less properly, called a pluviameter or rain-gage. 
See Pluviameteh. 

OMP11ALOPTLR, or Om piialoptic, in Optics, a 
glass that is convex on both sides, popularly called a con¬ 
vex lens. 

OPACITY, a quality of bodies which renders them 
opakc, or the contrary of transparency. 

The Cartesians make opacity to consist in this, that 
the pores of the body are not all straight, or directly 
before each other ; or rather' not pervious every way. 
This doctrine however is deficient: for though, to have 
u body transparent, its pores must bo straight, or rather 
open every way ; yet it is inconceivable how it should 
happen, that not only glass and diamonds, bute\en water, 
whose parts are so very moveable, should have all their 
pores open and pervious every way ; while the finest paper, 
or the thinnest gold leaf, should exclude the light, for 
want of such pores. So that another cause of opacity 

must be sought for. • . . 

Now all bodies have vastly more pores or vacuities than 
are necessary for an infinite number of rays to pass freely 
through them in right lines, without striking on any of the 
parts themselves. For since water is 19 times lighter or 
rarer than gold ; and yet gold itself is so very rare, that 
magnetic effluvia pass freely through it, without any op¬ 
position ; and quicksilver is readily received within its 
pores, and even water itself by compression ; it must ha\e 
much more pores than solid parts: consequently water 
must have at least 40 times ns much vacuity as solidity. 

The cause therefore, why some bodies arc opakc, does 
not consist in the want of rectilinear pores, pervious every 
way; but either in the unequal density of the parts, or in 
the magnitude of the pores ; and to their being either 
empty, or filled with a different matter ; by means of 
which, the rays of light, in their passage, arc arrested by 
innumerable refractions and reflections, till at length falling 
on some solid part, they become quite extinct, and are 
utterly absorbed. 

Hence cork, paper, wood, &c, arc opakc; while glass, 
diamonds, &c, are pellucid. For in the confines or joining 
of parts alike in density* such as those of glass, water, 
diamonds, &c,among themselves, no refraction or reflection 
takes plaoe, because of the equal attraction every way ; 
so that such of the rays of light as enter the first surface, 
pass straight through the body, excepting those that are 
lost and absorbed, by striking on solid parts : but in the 
bordering of parts of unequal density, such ns those of 
wood and water, both with regard to themselves, and with 
regard to the air or empty space in their larger pores, the 
attraction being unequal, the reflections and refractions 
will be very great; and thus the rays will not be able to 
pass through such bodies, being continually driven about, 

till they become extinct. . 

* That this interruption or discontinuity of parts is the 
chief cause of opacity, Sir Isaac Newton argues, appears 
from hence; that all opakc bodies immediately begin to 
be transparent, when their pores become tilled with a sub- 
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stance of nearly equal density with their parts. Thus, 
paper dipped hi water or oil, some stones steeped in water, 
linen c huh dipped in oil or vinegar, «S:c, become more 
transparent than before. 

OP. \K E, not translucent, nor transparent, or not admit- 
ting a free pa-sage to the rays of light. 

OPEN Flunk, in Fortification, is that part of the flank 
which is coveted bv the orillon or shoulder. 

OPENING of the Trenches, is the lir-t breaking of 
ground by the besiegers, in order to carry on their ap¬ 
proaches towards a place. 

OPhUA-G/tf.is, in Optics, is so called from its use in 
play-houses, and sometimes a Diagonal Perspe ctive, from 
its construction, which is ns follows, a ncn (fig. 5, pi.21) 
represents a tube about 4 inches long ; in each side of which 
there is a hole EFand c;n, exactly against the middle of a 
plane mirror ik, which reflects the rays falling upon it to 
the convex glass i.m ; through which they are refiactcd to 
the concave eye-glass no, whence they emerge parallel to 
the eye at the hole rs, in the end of the tube. Ix t p/iq be 
an object to be viewed, from which proceed the rays pc, 
nb , and q <1: these rays, being reflected by the plane mir¬ 
ror ik, will show the object in the direction cp , ba, dq, in 
the imagery, equal to the object PQ f and as far behind 
the mirror as the object is before it : the mirror being 
placed so as to make an angle of 45 degrees with the sides 
of the tube. And as, in viewing near objects, it is not 
necessary to magnify them, the focal distances of both the 
glasses may be nearly equal ; or if that of lm be 3 inches, 
and that of no one inch, the distance between them will 
be but 2 inches, and the object will be magnified 3 times, 
being sufficient for the purposes to which this glass is ap¬ 
plied. 

When the object is very near, as x y, it is viewed through 
a bole xy, at the other end of the tube ab, without an 
eye-glass; the upper part of flic mirror being polished for 
that purpose, as well as the under. The tube unscrews 
near the object-glass LM, for taking out and cleansing the 
glusses and mirror. The position of the object will be 
erect through the concave eye-glass. 

The peculiar artifice of this glass is to view a person 
at a small distance, so that no one shall know who is ob¬ 
served ; for the instrument points to a different object from 
that which is viewed ; and as there is a hole on each side, 
it is impossible to know on* which hand the object is si¬ 
tuated, which you arc viewing. 

OPHIUGUS, a constellation of the northern, hemi¬ 
sphere; culled also Serpentarius. 

OPPOSITE Angles, or Vertical Angles, 
arc those opposite to each other, made by 
two inteisccting lines ; as a and b, or c and d. 

—The opposite angles are equal to each other. 

Opposite Cones , denote two similar cones 
vertically opposite, having the same common 
vertex and axis, and the same sides pro¬ 
duced ; as the cones a and n. 

Opposite Sections , or Hyperbolas, arc 
those made by cutting the opposite cones 
by the same plane ; as the hyperbolas c 
and D.—These arc always equal and simi¬ 
lar, and have the same transverse axis ep, 
as also the same conjugate axis. 

OPPOSITION, is that aspect or situa¬ 
tion of two planets or stars, when they are 
diametrically opposite to each other; 




being lSCT, or a semi-circle apart; and marked thus g. 
—'The moon i* in opposition to the sun when she is at the 
full- ' ' 

OPTIC, or Optical, something that relates to vision, 
or the sense of seeing, or the science ol optics. 

Optic An*lc . See Angle. 

Optic Axis . See Axis. 

O it I c Cham her. See Camera Obscura . 

Ornc (Hasses, are glasses ground either concave or 
convex ; so as either to collect or disperse the rays of 
light ; by which means vision is improved, and the eye 
strengthened, preserved, <N:c.—Among those, the principal 
arc spectacles, reading glasses, telescopes, microscopes, • 
magic lanterns, &c. 

Optic I/iequafity, in Astronomy, is an apparent irregu¬ 
larity in the motions of very distant boilics ; so called, be¬ 
cause it is not really in the moving bodies, but arising from 
the situation of the observer's eye. For if the eye were 
in the centre, it would, always sec the motions as they 
really are. 

The optic inequality may be thus 
illustrated. Suppose a body revolving 
with a real uniform motion, in the 
periphery of a circle ard&c; and 
suppose the eye in tlu? plane of the 
same circle, but at a distance from it, 
viewing the motion of the body from 
o. Now* when the body goes from a 
to n; its apparent motion is measured 
by the angle Aon or the arch or line 
iiL, which it will appear to describe. 

Hut while it moves through the arch ri> in an equal time, 
its apparent motion will be determined by the angle bod, 
or the arch or line lm, which is less than the former lii. 
But it spends the same time in describing de, as it docs in 
An or bd ; during all which time of describing de it ap¬ 
pears stationary in the point M. When it really describes 
efgiq, it will appear to pass over mliikn ; so that it will 
seem to have gone retrograde. And lastly, from q to r it 
will again appear stationary in the point N. 

Optic Nerves, the second pair of nerves, springing from 
the crura of the medulla oblongata, and passing thence 
to the eye. These are covered with two coats, which they 
take from the dura and pia mater; and which, by their 
expansions, form the two membranes of the eye, called * 
the uvea and cornea. And the retina, which is a third 
membrane, and the immediate organ of sight, is only an 
expansion of the fibrous, or inner, and medullary, part of 
these nerves. 

'Optic Pencil. See Pencil of Rays. 

Optic Pyramid, in Perspective, is the pyramid abco, 
whose base is the visible object abc, and the vertex is in 
the eye at o ; being formed by rays drawn from the 
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several points of the perimeter to the eye. Hence may 
appear what is meant by optic triangle. 

Optic Place, of a star, &c, is that point or part of its 
orbit, which is determined by our sight, when the star is 
seen there. This is either true or apparent; true when 
the observer’s eye is supposed to be at the centre ot the 
motion ; or apparent, when his eye is at the circumference 
of the earth, bee also Place. 

Optic ltays, particularly means those by v Inch an 
optic pyramid, or optic triangle, is terminated. As oa, 
or., oc, &c. 

OPTICIAN, a person skilled in optics. 

OPTICS, the science of vision; including Catoptrics, 
and Dioptrics; and even Perspective; as also the whole 
doctrine of light and colours, and all the phenomena of 
visible objects. 

Optics, in its more extensive acceptation, is a mixed 
mathematical science; which explains the manner in which 
vision is performed in the eye; treats of sight in general ; 
gives the reasonsof the several modifications or alterations, 
which the rays of light undergo in the eye; and shows 
why objects appear sometimes greater, sometimes smaller, 
sometimes more distinct, sometimes more confused, some¬ 
times nearer ami sometimes more remote. In this ex¬ 
tensive signification it is considered by Newton, in his ex¬ 
cellent work on this science. -Indeed optics makes a con¬ 
siderable branch of natural philosophy ; both as it explains 
the laws of nature, according to which vision is perform¬ 
ed and as it accounts for a variety of physical pheno¬ 
mena, otherwise inexplicable 

The principal authors and discoveries in Optics, are the 
following:—Euclid seems to be the earliest author on 
optics that we have. He composed a treatise on optics 
and catoptrics; dioptrics being less known to the ancients; 
though it was not entirely unknown -to them, for among 
the phenomena, at the beginning of that work, Euclid 
remarks the effect of bringing an object into view, by re¬ 
fraction, in the bottom of a vessel, by pouring water into 
it, which could not be seen over the edge of the vessel, 
before the water was poured in; and other authors speak 
of the then known effects of glass globes &c, both as burn¬ 
ing glasses, and as to bodies seen through them. Euclid’s 
work however is chiefly on catoptrics, or reflected rays ; 
in which lie shows, in 31 propositions, the chief properties 
of them, both in plane, convex, and concave surfaces, in 
his usual geometrical manner; beginning with that con¬ 
cerning the equality of the angles of incidence and re¬ 
flection, which he demonstrates; and, in the last propo¬ 
sition, showing the effect of a concave speculum, as a 
burning glass, when exposed to the rays of the sun. The 
effects of burning glasses, both by refraction and reflec¬ 
tion, arc noticed by several others of the ancients; and 
it is probable that the.Romans had a method of lighting 
their sacred fire by some such means. Aristophanes, in 
one of his comedies/introduces a person as making use of 
a globe filled with water to cancel a bond that was against 
him, by thus melting the wax of the seal. And if we give 
but a small degree of credit to what some ancient his¬ 
torians are said to have written concerning the exploits 
of Archimedes, we shall be induced to think that he con¬ 
structed some very powerful burning mirrors. It is said 
that this eminent geometrician'wrote a treatise on the sub¬ 
ject of them, though it be not now extant;* ns also con¬ 
cerning the appearance of a ring or circle under water, 
and therefore could not have been igucruut of the com¬ 


mon phenomena of refraction. We find many questions 
concerning such optical appearances in Aristotle. I his 
author was also sensible, that it is the reflection of light 
from the atmosphere which prevents total darkness alter 
the sun sets, and in places where he does not shine in the 
day-time. He was also of opinion, that rainbows, halos, 
and mock suns, were all occasioned by the reflection of 
the sunbeams in different circumstances, by which an im¬ 
perfect image of It is body was produced, the colour only 
being exhibited, and nut his proper figure. 

The ancients were not only acquainted with the more 
ordinary appearances of refraction, but knew also tnc pro¬ 
duction of colours by r refracted light. Seneca says, that 
when the light of the sun shines through an angular piece 
of glass, it shows all the colours of the rainbow. these 
colours however, he says, are false, such as are seen in a 
pigeon's luck when it changes its position; and of the 
same nature he says is a speculum, which, without having 
any colour of its own, assumes that of any other body. 
It appears also, that the ancients were not unacquainted 
with the magnifying power of glass globes filled with 
water, though it docs not appear that they knew any thing 
of the reason of this power : and it is supposed that the 
ancient engravers made use ol a glass globe filled with 
water to magnify their figures, that they might work to 
more advantage. 

Ptolemy, about the middle of the second century, wrote 
a considerable treatise on optics. I he work is lost*; but 
from the accounts given of it by others, it appears that 
he there treated of astronomical refractions. The first 
astronomers were not aware that the intervals between 
stars appear less when near the horizon than in the meri¬ 
dian; and on this account they must have been much 
embarrassed in their observations: but it is evident that 
Ptolemy was aware of this circumstance by the caution 
which lie gives to allow something for it, whenever re¬ 
course is had to ancient observations. This philosopher 
also advances a very sensible hypothesis to account for 
the remarkably great apparent size of the sun and moon 
when seen near the horizon. # - The mind, he says, judges 
of the size of objects by means of a preconceived idea of 
their distance fiom us: and this distance is fancied to be 
greater when a number of objects are interposed between 
the eye and the body we are viewing: which is the case 
when wc sec the heavenly bodies near the horizon. In his 
Almagest, however, lie ascribes this appearance to a re¬ 
fraction of the rays by vapours, which actually enlarge 
the angle under which the luminaries appear; just as the 
angle is enlarged by which an object is seen from under 
water. - , 

Alhazon,an Arabian writer, was the next author of any 
celebrity, and wrote about the year 1100. Alhnzen 
made many experiments on refraction, at the surface be¬ 
tween air and water, air and glass, and water and glass; 
and hence he deduced several properties of atmospherical 
refraction; such as “.that it increases the altitudes of all 
objects in the heavens;” and he first advanced that the 
J stars are sometimes seen above the horizon by means of 
refraction, when they are reldly below it: which obser¬ 
vation was confirmed by Vitello, Wulther, and especially 
by the observations of Tycho Brahe. Alhazcn observed, 
that refraction contracts the diameters and distances of 
the heavenly bodies, and that it is the cause of the twink¬ 
ling of the stars. This refractive power he ascribed, not 
to the vapours contained in the air> but to its different 
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degrees of transparency. And if was his opinion, that 
so lar from vapour being the cause of the heavenly 
bodies appearing larger near the horizon, that it would 
make them appear less; observing that two stars appear 
nearer together in the horizon, than near the meridian. 
This phenomenon be* ranks among optical deceptions. \\ c 
judge of distance, lie says, by comparing the angle under 
which objects appear, with their supposed distance; so 
that if these angles be nearly equal, and the distance of 
one object be conceived greater tliun that of the other, 
this will he imagined to be larger. And lie further ob¬ 
serves, that the sky near the horizon is always imagined 
to be farther from us than any other part of the concave 
sui face. 

In the w ritings of Alhazcn, we also find the first distinct 
account of the magnifying power of glasses ; and it is not 
improbable that his writings on this head gave rise to the 
useful invention of spectacles : for lie says, that if an ob¬ 
ject be applied close to the base of the larger segment of a 
sphere of glass, it will appear magnified. lie also treats 
of the appearance of an object through a globe, and says 
that lie was the first who observed the refraction ol rays 
into it. 

In 1270, Vitello, a native of Poland, published a treatise 
on optics, containing all that was valuable in Alhazcn, and 
digested in a better manner. Me observes, that light is 
always lost by refraction, which makes objects appear 
less luminous. lie gave a table of the results of his expe¬ 
riments on the refractive powers of air, water, and glass, 
corresponding to different angles of incidence. He ascribes 
the twinkling of the stars to the motion of the air in which 
the light is refracted ; and lie illustrates this hypothesis, 
by observing that they twinkle still more when viewed in 
water put in motion* lie also shows, that refraction is 
necessary, as well as reflection, to form the rainbow ; be¬ 
cause the body which the rays fall upon is a transparent 
substance, at the surface of which one part of the light is 
always reflected, and another refracted. And he makes 
some ingenious attempts to explain refraction, or to ascer¬ 
tain the law of it. He also considers the foci of glass 
spheres, and the apparent size of objects seen through 
them ; though with but little accuracy. To Vitello may 
be traced the idea of seeing images in the air. lie en¬ 
deavours to show, that it is possible, by means of a cylin¬ 
drical convex speculum, to see the images of objects in 
the air, out of the speculum, when the objects themselves 
cannot be seen.—The Optics of Alhazcn and Vitello were 
published ut Basil in 1572, by Fred. Ilisncr. 

Contemporary with Vitcljo, was Roger Bacon, a man 
of very extensive genius, who wrote upon almost every 
branch of science; though it is thought his improvements 
in optics were not carried far beyond those of Alhazcn and 
Vitello. He even assents to the absurd notion, held by 
all philosophers down to his time, that visible rays pro¬ 
ceed from the eye, instead of towards it. From many 
stories related of him however, it would seem, that he 
made greater improvements than appear in his writings. 
It is said he had the use of spectacles; that he had con¬ 
trivances, by reflection from glasses, to sec what was 
doing at a great distance, as in an enemy's camp. And 
lord chancellor Bacon relates a story, of his having ap¬ 
parently walked in the air between two steeples, and 
which he supposed was effected by reflection from 
glasses, while he walked upon the ground. See the ar¬ 
ticle Bacon. 
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About 127.9 was written a treatise on optics by Peccant, 
archbishop ot Canterbury. 

One of the next who distinguished himself as a theorc- . 
tical optician, was Maurolyc, teacher of mathematics at 
Messina. In a treatise De Lnmirie et Umbra, published 
in 1575, lie demonstrates, that the crystalline humour of 
the eye is a lens that collects the rays of light issuing from 
the objects, and throws them upon the retina, where the 
focus of each.pencil is situated. From this principle he 
discovered the reason why some people arc short-sighted, 
and others long-sighted ; also why the former are relieved 
by concave glasses, and/the others by convex ones. 

Contemporary with Maurolyc, was John Baptista Porta, 
of Naples. He discovered the camera obscura, which 
throws considerable light on the natme of vision. His 
house was the constant resort of all the ingenious persons 
at Naples, whom lie formed into what he called An Aca¬ 
demy of Secrets; each member being obliged to contribute 
something that was not generally known, ami might be 
useful. By this means he was furnished with materials 
for his Magia Natural!*, which contains his account of 
the camera obscura, and the first edition of which was 
published, as he informs us, when he was not quite 15 
years old. He also gave the first hint of the magic lan¬ 
tern; which K ire her afterwards followed and improved. 
His experiments with the camera obscura convinced him, 
that vision is performed by the intromission of something 
into the eye, and not by visual rays proceeding from it, 
as had been formerly imagined ; and lie >vas the first who 
fully ■satisfied himself and others on this subject. He 
justly considered the eye as a camera obscurn, and the 
pupil the hole in the window-shutter; but he was mis¬ 
taken in supposing that the crystalline humour corresponds 
to the wall which receives the images; nor was it disco¬ 
vered till the year 1004, that this office is performed by 
the retina. lie made a variety of just remarks concerning 
vision ; and particularly explained several cases in which 
\vc imagine things to be without the eye, when the ap¬ 
pearances ore occasioned by some affection of the eye 
itself, or by some motion within the eye.— He remarked 
also that, in certain circumstances, vision will be assisted 
by convex or concave glasses; and he seems even to have 
made some small advances towards the discovery of te¬ 
lescopes. 

Other treatises on optics, with various and gradual im¬ 
provements, were afterwards successively published by 
several authors: as Aguilon, Opticorum hbr. 6 , Antv. 
16*13: L'Optique, Catoptriquc, et Dioptriquc of Hcrigone, 
in his Cursus Math. Paris 1637 : the Dioptrics of Des¬ 
cartes, 1637 : L'Optique ct Cutoptriquc of Merscnnc, 
Paris 1651: Schciner, Optica, Lond. 1652: Manchini, 
Dioptrica Practica, Bologna, 1660 : Barrow, Lcctiones 
Optica*, London 1663: James Gregory, Optica Promotn, 
Lond. 1663 : Grimaldi, Physico-mnthcsis de Luminc, Co- 
loribus, et Iride, Bononia, 1665: Scaphusa,Gogitationes 
Physico-meclmnic® de Natura Visionis, Heidcl. 16?0: 
Kiteller, Ars Magna Lucis ct Umbra?, Rome 16*71; Chp- 
rubin, Dioptriquc Oculairc, Paris 1671: Leibnitz, Prin¬ 
cipe Gcnernlp de I'Optiquc, Lcipsic Acts 1682: Newton's 
Optics and Lcctiones Optica?, 4to’nnd8vo, 1704 &c ; 
Molyneux, Dioptrics, Ixind. 1692 : Dr. Jurin's Theory of 
Distinct and Indistinct Vision.—There is also a large and 
excellent work on optics, by Dr. Smith, 2 vols 4to; and 
an elaborate'history of the present state of discoveries re¬ 
lating to vision, light, and colours, by Dr. Priestley, 4 to, 
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1772 ; with a multitude of other authors of inferior note ; 
besides lesser and occasional tracts and papers in the Me¬ 
moirs of the several learned Academies and Societies of 
Europe; with improvements by many other persons, 
among whom are the respectable names of Snell, Fermat, 
Kepler, Huygens, Hortensius, Boyle, Hooke, Lahire, Low- 
thorp, Cassini, Halley, Delisle, Euler, Dolloiul, Clairant, 
Dalembert, Zciher, Bouguer, ButTon, Nolle!, Baumc; but 
the particular improvements by each author must be re¬ 
ferred to the history of his life, under the articles of their 
names ; while the history and improvements of the several 
branches are to be found under the various particular 
articles, as. Light, Colours, Reflection, Refraction, Inflec¬ 
tion, Transmission, &c, Spectacles, Telescope, Micro¬ 
scope, &c, &c. 

ORB, a spherical shell, hollow sphere, or space con¬ 
tained between two # concentric spherical surfaces.—The 
ancient astronomers conceived the heavens as consisting 
of several vast azure transparent orbs or spheres, inclosing 
one another, and including the bodies of the planets. 

The Orris Magnus, or Great Onn, is that in which 
the sun is supposed to revolve ; or rather it is that in which 
the earth makes its annual circuit. 

ORBIT, is the path of a planet or comet; being the 
curve line described by its centre, in its proper motion in 
the heavens. So the earth's orbit, is the ecliptic, or the 
curve it describes in its annual revolution about the sun. 

The ancient astronomers made the planets describe cir¬ 
cular orbits, with a uniform velocity. Copernicus him¬ 
self could not believe they should do otherwise; being 
unable to disentangle himself entirely from the exccntrics 
and epicycles to which they had recourse, to account for 
the inequalities in their motions. 

But Kepler found, from observations, that thcorbit of the 
earth, and that of every primary planet, is an ellipsis, having 
the sun in one of its foci ; and that they all move in these 
ellipses by this law, that a radius drawn from the centre 
of the sun to the centre of the planet, always describes 
equal ureas in equal times; or, which is the same tiling, 
in unequal times, it describes areas that are proportional 
to those times. And Newton has since demonstrated, from 
the nature of universal gravitation and projectile motion, 
that the orbits must of necessity be ellipses, and the mo¬ 
tions arc found to observe that law, both of the primary 
and secondary planets'; excepting in so far as their mo¬ 
tions and paths arc disturbed by their mutual actions on 
one another; as the orbit of the earth by that of the moon ; 
or that of Saturn by the action of Jupiter; &c. 

Of these elliptic orbits, there have been two kinds as¬ 
signed; the first that of Kepler and Newton, which is the 
common or conical ellipse; for which Seth Ward, though 
he himself employs it, thinks we might venture to substi¬ 
tute circular orbits, by using two points, taken at equal 
distances from the centre, on one of the diameters,, as is 
clone in the foci of the ellipsis, and which is called his Cir¬ 
cular Hypothesis. The second is that of Cassini, of this 
nature, viz, that the products of the two lines drawn from 
the two foci, to any point in the circumference, arc every¬ 
where equal to the same constant quantity; whereas, in 
the common ellipse, it is the sum of those two lines that 
is always a constant quantity. - 

The orbits of the planets are not all in the same plane 
with the ecliptic, which is the earth's orbit round the sun, 
but are variously inclined to it, and to each other: but 
still the plane of the ecliptic, or earth's orbit, intersects 
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the plane of the orbit of every other planet, in a right line 
which passes through the sun, called the line of tlie nodes, 
and the points of intersection of the orbits themselves arc 
called the nodes. 

The mean semidiameters of the several orbits, or the 
mean distances of the planets from the sun, with the cx- 
centriciljcs of the orbits, their inclination to the ecliptic, 
and the places of their nodes, are as in the following table ; 
where the 2 d column contains the proportions of semidia¬ 
meters of the orbits, the true semidiameter of that of the 
earth being i)5 millions of miles ; and the 3d column shows 
what part of the semidiameters the excentiicitics arc 
equal to. 
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The orbits of comets arc also very excentric ellipses. 

ORDER, in Architecture, a system of the several mem¬ 
bers, ornaments, and proportions of columns and pilasters, 
or a regular arrangement of the projecting parts of a build¬ 
ing, especially the column, so as to form one beautiful 
whole. 

There arc five orders of columns, of which three arc 
Greek, viz, the Doric, Ionic, and Corinthian; and two 
Italic, viz, the Tuscan and Composite. The three Greek 
orders represent the three different manners of building, 
viz, the solid, the delicate, and the middling : the two 
Italic ones are imperfect productions of these. 

Order, in Astronomy. A planet is said to move ac¬ 
cording to the order of the signs, when it is direct; pro¬ 
ceeding from Aries to Taurus, thence to Gemini, &c. As, 
on the contrary, its motion is contrary to the order of the 
signs, when it is retrograde, or goes backward, from Pisces 
to Aquarius, &c. 

Order, in the Geometry of Curve Lines, is denomi¬ 
nated from the rank or order of the equation by which the 
geometrical line is expressed ; so, the simple equation, or . 
1st power, denotes the 1st order of lines, which is the 
right line ; the quadratic equation, or 2d power, defines 
the 2d order of lines, which arc the conic sections and 
circle; the cubic equation, or 3d power, defines the 3d 
order of lines; and so on. 

Or, the orders of lines arc denominated from the num¬ 
ber of points in which they may be cut by a right line. 
Thus, the right line is of the 1st order, because it can be 
cut only in one point by a right line; the circle and conic 
sections arc of the 2d order, because they can be cut in 
two points by a right line; while those of the 3d order, 
arc such as can be cut in three points by a right line; and 
so on. 

It is to be observed, that the order of curves is always 
one degree lower than the corresponding line ; because the 
1st order, or right line, is no curve; and the circle and 
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conic sections, which arc the 2d order of lines, arc only 
the 1st order of curves; &c. Sec Curves and Lines. 
Also Newtons Enumcratio Lincarum Tertii Orel inis. 

ORDINATES, in the Geometry of Curve Lines, arc 
right lines drawn parallel to each other, and cutting the 
curve in a certain number of points. 

The parallel ordinates arc usually all cut by some other 
line, which is called the absciss, and commonly the or¬ 
dinates arc perpendicular to the abscissal line. When 
this line is a diameter of the curve, the property of the 
ordinates is then the most remarkable; for, in the curves 
of the first kind, or the conic sections and circle, the ordi¬ 
nates arc all bisected by the diameter, making the part on 
one side of it equal to the part on the other ; and in the 
curves of the 2d order, which may be cut by an ordinate 
in three points, then the three parts of the ordinate, 
lying between these three intersections of the curve and 
the intersection with the diameter, have the part on one 
side the diameter equal to both the two parts on the other 
side of it. And so for curves of any order, whatever the 
number of intersections may be, the sum of the parts of 
any ordinate, on one side of the diameter, being in all 
cases equal to the sum of the parts on the other side 
of it. ^ ... 

The use of ordinates in a curve, and their abscisses, is 
to define or express the nature of the curve, by means of 
the general relation or equation between them ; and the 
greatest number of factors, or the dimensions of the highest 
term, in such equation, is always the same as the order of 
the line; that equation being a quadratic, or its highest 
term of two dimensions, in the lines of the 2d order, being 
the circle and conic sections; and a cubic equation, or 
its highest term containing 3 dimensions, in the lines of 
the 3d order; and so on. 

Thus,y denoting an ordinate bc, and 
x its absciss a b ; also a , b , c, &c, given 
quantities: then y z = ax 1 + 4r + c is 
the general equation for the lines of the 
2d order; and xy 1 — ey =r aP bx x 

ex + d is the equation for the lines 
of the 3d order; and so on. 

ORDNANCE, arc all sorts of great 
guns, used in war; such as cannons, 
mortars, howitzers, &c. 

ORFFYREUS’s Wheel , in Mechanics, is a machine so 
called from its inventor, which he asserted to bc a per¬ 
petual motion. This machine, according to the account 
given of it by Gravesande, in his (Euvres Philosophiques, 
published by Allcmund, Amst. 1774, consisted externally 
of a large circular wheel, or rather drum, 12 feet in 
diumeter, and 14 inches deep; being very light, as it was 
formed of an assemblage of deals, having the intervals be¬ 
tween them covered with waxed cloth, to conceal the 
interior parts of it. The two extremities of an iron axis, 
on which it turned, rested on two supports. On giving a 
slight impulse to the. wheel, in either directiojj, its motion 
was gradually accelerated ; so that after two or three re¬ 
volutions it acquired so great a velocity as to make 25 or 
26 turns in a minute. This rapid motion it actually pre¬ 
served during the space of 2 months, in a chamber of the 
landgrave of Hesse, the door of which was kept locked, 
and sealed with the lahdgravc's own seal. At the end of 
that lime it was stopped, to prevent the wear of the ma¬ 
terials. The professor, who had been an eye-witness to 
tfecse circumstances, examined all the external parts of 



the machine, and was convinced that there could not be 
any communication between it and any neighbouring 
room. Orflfyrcus however was so incensed, or pretended 
to be so, that ho broke the machine in pieces, and wrote 
on the wall, that it was the impertinent curiosity of pro¬ 
fessor Gravesande which made him take this step. The 
prince of Hesse, who had seen the interior parts of this 
wheel, but sworn to secrecy, being asked by Gravesande, 
whether, after it bad been in motion for some time, there 
was any change observable in it, and whether it contained 
any pieces that indicated fraud or deception, answered 
both questions in the negative, and declared that the ma¬ 
chine was of a very simple construction. 

ORGANICAL Description of Curves, is the description 
of them on a plane, by means of instruments, and com¬ 
monly by a continued motion. The most simple con¬ 
struction of this kind, is that of a circle by means of a 
pair of compasses. The next is that of an ellipse by 
means of a thread and two pins in the foci, or the ellipse 
and hyperbola, by means of the elliptical and hyperbolic 
compasses. A great variety of descriptions of this sort 
arc to be found in Schootcn Dc Organica Conic. Sect, in 
Plano Descriptione; in Newton's Arithmetica Universalis, 
De Curvarum Descriptione Organica ; Macluurin’s Geo- 
inetria Organica; liruckenridge's Descriptio Lincarum 
Curvarum ; &c. , 

OltGUES,or Organs, in Fortification, long and thick 
pieces of wood, shod with pointed iron, and hung each by 
a separate rope over the gate-way of a town, ready on any 
surprise or attempt of the enemy to he let clown to stop up 
the gate. The ends of the several ropes are wound about 
a windlass, so as to be let clown all together. 

Orgues is also used for a machine composed of se¬ 
veral harquebusses or musket-barrels, bound together; so 
as to make several explosions at the same time. They art 
used to defend breaches and other places attacked. 

ORIENT, the cast,.or eastern point of the horizon. 

Orient Equinoctial, is used for that point of the hori- • 
zon where the sun rises when he is in the cquinocliul, or 
when he enters the signs Aries and Libra. 

Or i ent /Estival , is the point where tlie sun rises in the 
middle of summer, when the days are longest. 

Orient Hybemal , is the point where the sun rises in the 
middle of winter, when the days arc shortest. 

ORIENTAL, situated towards the cast with regard to* 
us: in r opposition to occidental or the west. 

Oriental Astronomy , Philosophy , &c, used for those 
of the east, or of the Arabians, Chaldeans, Persians, In¬ 
dians, &c. 

ORILLON, in Fortification, a small rounding of earth, 
lined with a wall, raised on the shoulder of those bastions 
that have casemates, to cover the cannon in the retired 
'flank, and present their being dismounted by the enemy.— 
There nre other sorts of oriilons, properly called epaule- 
ments, or shouldering*, which urc almost of a square 
figure. a - 

ORION, a constellation of the southern .hemisphere, 
with respect to the ecliptic, v but half in the northern, and 
half on the southern splc of the equinoctial, which runs 
across the middle of his body. The stars in this constel¬ 
lation arc, 38 in Ptolemy's catalogue, 42 in Tycho's, 6 2 in 
Hevelius's, and 78 in Flamsteed's. But some telescopes 
have discovered several thousands of stars In this constel¬ 
lation, of which there arc 2 of the first magnitude, and 
4 of the second, besides a great many Of the third and 



O R T 


O S C 


C 159 3 


fourth. One of those two stars of the first magnitude is 
on the middle of the left foot, and is called Regel ; the 
other is on the right shoulder, and called Betelgucsc ; of 
the 4 of the second magnitude, one is on the left shoulder, 
and called Ucllatrix, and the other three arc in the belt, 
lying nearly in a right line and at equal distances from 
each other, forming what is popularly called the Yard- 
wand. 

This constellation is one of the 48 old asterisms, and 
one of the most remarkable in the heavens. It is in the 
figure of a man, having a sword by his side, and seems at¬ 
tacking tin/ bull with a club in his right hand, his left bear¬ 
ing a shield. 

No constellation was so terrible to the mariners of the 
early periods, as this of Orion. He is mentioned in this 
way by all the Greek and Latin poets, and even by their 
historians; bis rising and setting being attended by storms 
and tempests: and as the northern constellations are made 
the followers of the Pleiades; so are the southern ones made 
the attendants of Orion. 

The name of this constellation is also met with in Scrip¬ 
ture several tunes, viz, in the books of Job, Amos, and 
Isaiah. In Job it is asked, “.Canst thou bind the sweet in¬ 
fluence of the Pleiades, or loose the bands of Orion ?" And 
Amos says, “ Seek him that maketh the Seven Stars and 
Orion, and turneth the shadow of death into morning.” 

Orion's River, the same as the constellation Eridanus. 

ORLE, Oklet, or Orlo, in Architecture, a fillet un¬ 
der the ovolo, or quarter-round of a capital.—When it is 
at the top or bottom of the shaft, it is called the cincture. 
— Palladio also uses Orlo for the plinth of the bases of co¬ 
lumns and pedestals. 

ORRERY, an astronomical machine, for exhibiting the 
various motions and appearances of the sun and planets ; 
hence often called a Planetarium. The term Orrery ap¬ 
plied to this instrument, wc are informed by Desagulicrs, 
arose from the following circumstance :—Mr. Rowley, a 
mathematical instrument-maker, having got one from Mr. 
George Graham, the original inventor, to be sent abroad 
with some of his own instruments, he copied it, and after¬ 
wards constructed one for the carl of Orrery. Sir Richard 
Steele, who knew nothing of Mr. Graham's machine, think¬ 
ing to do justice to the first encouragcr, as well as to the 
inventor of such a curious instrument, called it an orrery, 
and gave Rowley the praise due to Mr. Graham. Dcsagu- 
liers's Experim. Philos.vol. I, pa. 430- The figure of this 
grand orrery is exhibited at fig. I, pi. 24. It is since made 
in various other figures. 

ORTEIByin Fortification. Sec Berme. 

OUTELIUS (Abraiiam), a celebrated geographer, was 
born at Antwerp, in 152/. He was well skilled in the 
languages and mathematics, and acquired such reputation 
by his skill in geography, that he was sumamed the Pto¬ 
lemy of his time. Justus Lipsius, and most of the learned 
men of the lfith century, were our author's intimate 
friends. He passed s6mc time at Oxford in the reign of 
Edward the 6th; and he visited England a second time 
in 1577. 

Ills Thcatrum Orbis Terra was the complctcst work of 
the kind that had ever been published, and gained our au¬ 
thor a deputation adequate to his immense labour in com¬ 
piling it. He wrote also several other excellent geographi¬ 
cal works; the principal of which are, bis Thesaurus, and 
his Synonyma Geographies—The learned world is also in¬ 
debted to him for the Britannia, which was undertaken by 


Cambdcn at bis request.—lie died at Autwcrp, 1598, at 
71 years of age. 

OR 1 HODROMICS, in Navigation, is Great-circle 
sailing, or the art of sailing in the arch of a great circle, 
which is the shortest course : for the arch of a great circle 
is orthodromia, or the shortest distance between two points 
or places. 

ORTHOGONIAL, in Geometry, is the same as rect¬ 
angular, or right-angled.—When the term refers to n plane 
figure,it supposes one leg or side to stand perpendicular to 
the other : when spoken of solids, it supposes their axes to 
be perpendicular to the plane of the horizon. 

ORTHOGRAPHIC, or Orthographic a l Projection 
of the Sphere , is the projection of its surface or of the 
sphere on a plane, passing through the middle of it, by an 
eye vertically at an infinite distance. See Proj ection. 

ORTHOGRAPHY, in Geometry, is the drawing or de¬ 
lineating the front plan or side of any object, and of ex¬ 
pressing the heights or elevations of every part: being so 
called from its delineating objects by perpendicular rndit 
lines falling on the geometrical plan; or rather, because 
all the horizontal lines are here straight and parallel, and 
not oblique as in representations of perspective. 

Orthography, in Architecture, is the profile or ele¬ 
vation of a building, showing all the parts in their true 
proportion. This is cither external or internal. 

External Orthography, is a delineation of the outer 
face or front of a building; showing the principal wall with 
its apertures, roof,ornaments, and every thing visible to an 
eye placed before the building. And 

Internal Ortiiogh aphy, called also a Section, is a de¬ 
lineation or draught of a building, such as it would appear 
if the external wall were removed. 

Orthography, in Fortification, is the profile, or re¬ 
presentation of a work; or a draught so conducted, as that 
the length, breadth, height, and thickness of the several 
parts are expressed, such as they would appear if it were 
perpendicularly cut from top to bottom. 

Orthography, in Perspective, is the front side of any 
place; that is, the side or plane that lies parallel to a 
straight line that may be imagined to pass through the 
outward convex points of the eyes, continued to a conve¬ 
nient length. 

OltTl VE,or Eastern Amplitude , in Astronomy, is an arch 
of the horizon intercepted between the point where a star 
rises, and the east point of the horizon. 

OSCILLATION, in Mechanics, denotes the vibration, 
or the reciprocal ascent and descent of a pendulum. 

If a simple pendulum be suspended between two semi¬ 
cycloids, bc, CD, that have the diameter cp of the ge¬ 
nerating circle equal to half the length of the string, so 
that the string, as the boc|y e oscillates, folds about them, 
then will the body oscil¬ 
late in another cycloids 
be a d, similar and equal 
to the former. And the 
time of the oscillation 
in any arc a e, measured 
from the lowest point 
a, is always the same 
constant quantity,whe¬ 
ther that arc be larger 
or smaller. But the oscillations in a circle arc unequal, 
those in the smaller arcs being less than those in the 
larger; and so always less and less as the arcs are smaller, 
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but still greater than the time of oscillation in a cycloidal 
arc ; till the circular arc becomes very small, and then the 
time of oscillation in it is very nearly equal to the time m 
the cycloid, because the circle and cycloid have the same 
curvature at the vertex, the length of the string being the 
common radius of curvature to them both at that point. 

The time of one whole oscillation in the cycloid, or of 
an ascent and descent in any arch of it, is to the time in 
which a heavy body would fall freely through cf or fa, 
'the diameter of the generating circle, or through half the 
length of tlie pendulum string, as the circumference of a 
circle is to its diameter, that is as 3’14l6 to 1 . So that if 
I denote the length of the pendulum ca, andg = l 6 T x x feet 
= 193 inches, the space through which a heavy body falls 
in the 1st second of time, and ;> = 3 % 14l6 the circumference 
of a circle whose diameter is 1 : then by the laws of tailing 

bodies, it is \/g : v/^/ : : 1 " : \/“*» the time of falling 

through cf or \l; therefore 1 : j) :: : p»/ —, which 

is the time of one vibration in any arch of the cycloid 
which has the diameter of its generating circle equal to \l. 
Or, by substituting the known numbers for p and 9 , the 
time of an oscillation becomes barely \/l or T W \/fvery 
nearly, or more nearly / being the length of the pen¬ 
dulum in inches. And therefore this is also very nearly the 
time of an oscillation in a small circular arc, whose radius 
is / inches. 

Hence the times of the oscillation of pendulums of dif¬ 
ferent lengths, arc directly in the subduplicatc ratio of 
their lengths, or as the square roots of their lengths.—The 
more exact Jime of oscillating in a circular arc, when this 

is of sohic finite small length, is y/l x (1 + ; 

where h is the height of the vibration, or the versed sine of 
the single arc of ascent or descent, to the radius /. 

The celebrated Huygens first resolved the problem con¬ 
cerning the oscillations of pendulums, in his book De 
llorologio Oscillatorio, reducing compound pendulums to 
simple ones. And his doctrine is. founded on this hypo¬ 
thesis, that the common centre of gravity of several bo¬ 
dies, connected together, must ascend exactly to the 
same height from which it fell, whether those bodies be 
united, or separated from one another in ascending again, 
provided that each begin to ascend with the velocity ac¬ 
quired by its descent. 

This supposition was opposed by several persons, and 
very much suspected by others. And those even who be¬ 
lieved the truth of it, yet thought it too daring to be ad¬ 
mitted without proof into a science which demonstrates 
every thing. 

At length James Bernoulli demonstrated it, from the 
nature of the lever; and published life solution in the 
Mem. Acad. desScicnc. of Paris, for the year 1703. (After 
his death, which happened in 1705, his brother John Ber¬ 
noulli gave a more easy and simple solution of the same 
problem, in the same Memoirs for 1714; and about the 
same time, Dr. Brook Taylor published a similar solution 
in his Mcthodus Incremcntorum: which gave occasion to 
a dispute between these two mathematicians, who accused 
'each other of having stolen their solutions. The particu¬ 
lars of which dispute may be seen in the Lcipsic Acts for 
1716 , and in Bernoulli's works, printed in 1743. 

Axis ({/"Oscillation, is a line parallel to the horizon, 
supposed to pass through the centre or fixed point about 
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which the pendulum oscillates, and perpendicular to the 
plane in which the oscillation is made. 

Centre of Oscillation, in a suspended body, is a cer¬ 
tain point in it, such that the oscillation of the body will be 
made in the same time as if that point alone were sus¬ 
pended at that distance from the point of suspension. Or 
it is the point into which, if the whole weight of the body 
be collected, the several oscillations will be performed in 
the same time as before: the oscillations being made only 
by the force of gravity of the oscillating body. See Cen¬ 
tre of Oscillation . 

OSCULATION, in Geometry, denotes the contact be¬ 
tween any curve and its osculatory circle, that is, the cir¬ 
cle of the same curvature with the given curve, at the 
point of contact orofosculation. If ac be the evolutc of the 
involute curve aef, and the tangent CE the radius of cur¬ 
vature at the point e, with which, and the centre c, if the 
circle beg be described; this circle is said to osculate the 
curve aef in the point e, which point e M. Huygens calls 
the point of osculation, or kissing point. , 

The line ce is called the oscillatory radius, or the radius 
of curvature; and the circle beg the osculatory or kissing 
circle. 

The evolutc ac is the locus of the centres of all the cir¬ 
cles that osculate the involute curve aef. 




Osculation also means the point of concourse of two 
branches of a curve which touch each other. For ex¬ 
ample, if the equation of a curve bey = >/x -+■ v/* 3 > *1 is 
easy to see that the curve has two branches touching one 
another at the point where x = 0, because the roots have 
each the signs ami —. 

The point of osculation differs from the cusp or point 
of retrocession (which is also a kind of point of contuctof 
two branches) in this, that in this latter case the two 
branches terminate, and pass no farther, but in the former 
the two branches exist on both sides of the point of oscu- 
lation. Thus, in the second figure above, the point B is 
the osculation of the two branches add, eiif ; but a , 
though it is ulso a tangent point, is a cusp or the point of 
retrocession, of ac and ab, the branches not passing beyond 
the point a. 

OSCULATORY Circle, is the same as the circle of cur¬ 
vature; that is, the circle having the same curvature with 
any curve at a given point. See the foregoing nt^iclc, 
Osculation, where beg, in the last figure but one, is the 
osculatory circle of the curve aef at the point e; and ce 
the osculatory radius, or the radius of curvature. 

This circle is called osculatory, because that, of all the 
circles that can touch the curve in the same point* that 
one touches it the closest, or in such manner thut no other 
tangent circle can be drawn between it and the curve; so 
that, in touching the curve, it embraces it as it were, both 
touching and cutting it at the some time,, being on one 
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side at the convex part of the curve, and on the other at 
the concave part of it. 

In a circle, all the oscillatory radii arc equal, being the 
common radius of the circle ; the evolute of a crrcle being 
only a point, which is its centre. See some properties of 
the osculatory circle in Maclanrins Algebra, Appendix 
Dc Lincarum Gcometricarum Proprietatibus gcncralibus 
Tractatus, Theor. 2, § 15,&c, treated in a pure geometri¬ 
cal manner. 

Osculatory Parabola. See ParaboLa. 

Osculatory Point, the osculation, or point of contact 
between a curve and its osculatory circle. 

OSTENSIVE Demonstrations, such as plainly and di¬ 
rectly demonstrate the truth of any proposition, in which 
they stand distinguished from apagogical ones, or reduc¬ 
tions ad absurduni.or ad impossible, which prove the truth 
proposed by demonstrating the absurdity or impossibility 
of the contrary. 

OTACOUSTIC, an instrument that aids or improves 
the sense of hearing. Sec Acoustics. 

OVAL, tin oblong curvilinear figure, having two un¬ 
equal diameters, and bounded by a curve line returning 
into itself. Or a figure contained by a single curve line, 
imperfectly round, its length being greater than its breadth, 
like an egg: whence its name. The proper oval, or egg- 
shape, is an irregular figure, being narrower at one end 
than at the other; in which it differs from the ellipse, which 
is the mathematical oval, and is equally broad at both ends. 
The common people confound the two together: but geo¬ 
metricians call the oval a false ellipse. 

The method of describing an oval chiefly used among 
artificers, is by a cord or string, as vn/, whose length is 
equal to the greater diameter of the intended oval, and 
which is fastened by its extremes to two points or pins, 
V and/, planted in its longer diameter; then, holding it 
always stretched out as at n, with a pin or pencil carried 
round the inside, the oval is described: -which will be so 
much the longer and narrower as the two fixed points arc 
farther apart. This oval so described is the true mathe¬ 
matical ellipse, the points r and f being the two foci. 
But, in architectural designs, where great accuracy is re¬ 
quired, the elliptic compasses arc better employed. See 
Compasses EMipticul. 



Another popular way to describe an oval of a given 
length and breadth, is thus:—Set the given length and 
breadth, ab and cd, to bisect each other perpendicularly 
at e; with the centre c, and radius ae, describe an arc to 
cross ab in f and e; then with these centres, f and o, 
and radii af and bg, describe two little arcs m and kl 
for the smaller ends of the oval; nnd lastly, with tile cen¬ 
tres c and D,and radius cn, describe the arcs iik and il, 
for the flatter or longer sides of the oval. Ilut this, it is 
evident, does not form a true ellipse. Sometimes other 
points, instead of c and d, arc to be taken by trial, as cen¬ 
tres in the line CD, produced if'necessary, so as to make 
the two last arcs join best with the two former ones. 

Oval denotes also certain roundish figures, of various 


and pleasant shapes,among curve lines of the higher kinds. 
These figures are expressed by equations of all dimensions 
above the 2 d, and more especially the even dimensions, as 
the 4th, 6 th, &c. Of this kind is the equation u'y — 
— x * ax 5 , which denotes the oval B, in shape of the 



section of a pear through the middle, and is easily de¬ 
scribed by means of points. For, if a circle be described 
whose diameter ac is = a, and ad be perpendicular and 
equal to ac; then, taking any point p in ac, joining dp, 
and drawing pn* parallel to ad, and no parallel to ac; 
and lastly taking rji = so, the point M will be one point 
of the oval sought.—In like niannt-r the equation 
y* — 4 y = — as* ■+■ ix 3 -+- cx 1 -h dx e 
expresses several very pretty ovals, among which the fol¬ 
lowing 12 are some of the most remarkable. For when 
the equation ax 4 — b. r 3 + ex' + dx + e has four real 
unequal roots, the given equation denotes the three fol¬ 
lowing species, in fig. 1,2, 3 : 



When the two less roots become imaginary, it will denote 
the three species exhibited in fig. 7, 8 , 9 • 

Fig. 7- Fig. 8. Fig- 9> 



When the two middle roots are equal, the species will be 
as appears in fig. 10 : when two pair of roots arc equal,, 
the species will be as in fig. 11 : and when the two middle 
roots become imaginary, the species will be as appears ini 
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matician and divine, was born at Eton in Buckinghamshire, 
1573, and educated in the school there; whence he was 
elected to King’s college in Cambridge in 15})2, where he 
continued about 1 2 years, and became a fellow ; employ¬ 
ing Ins time in close application to useful studies, particu¬ 
larly the mathematical sciences, which lie contributed 
greatly, by his example and exhortation, to bring into 
vogue umoh" Ids acquaintances there. 

About. 1603 he quitted the university, and was pre-. 
sen ted to the rectory of A Id bury, near Guildford in Sur¬ 
rey, where he lived a long retired and studious life, seldom 
travelling so far as London once a year ; his recreation 
being a diversity of studies. 44 As often,” says he, “ as I 
was tired with the labours of iny own profession, I have 
allayed that tediousness by walking in the pleasant, and 
more than Elvsian Fields of the diverse and various parts 
of human learning, and not of the mathematics only." 
About the year 16*28 he was appointed by the earl of 
Arundel tutor to his sun lord William Howard, in the ma¬ 
thematics, and his Cl/ivis was drawn up for the use of that 
young nobleman. He always held a correspondence by 
letters with many of the most eminent scholars of his. time, 
on mathematical subjects : the originals of which were 
preserved, and communicated to the Royal Society, by 
William Jones, esq. The chief mathematicians of that 
age owed much of their skill to him ; and his house was 
always full of young gentlemen who came from all parts 
to receive his instruction : nor was lie without invitations 
to settle in France, Italy, and Holland. 44 He was ns face¬ 
tious," says Mr. David Lloyd, 44 in Greek and Latin, as 
solid in arithmetic, geometry, and the sphere, of all mea¬ 
sures, music, &c ; exact in his style as in his judgment; 
handling his tube and other instruments at 80 as steadily 
as others did at 30 ; owing this, as he said, to temperance 
and exercise; principling his people with plain and solid 
truths, os he did the world with great and useful arts; 
advancing new inventions in all things but religion, which 
he endeavoured to promote in its primitive purity, main¬ 
taining that prudence, meekness, and simplicity were the 
great ornaments of his life." 

Notwithstanding Oughtrcd’s great merit, being a strong 
royalist, he was in danger, in 16*46, of a sequestration by 
the committee for plundering ministers; several articles 
being deposed and sworn against him : but, on his day of 
hearing, William Lilly, the famous astrologer, applied to 
sir Rulstrodc Whitlockc and nil his old friends ; who ap¬ 
peared so numerous in his behalf, that though the chair¬ 
man and many other presbyteriun members were active 
against him, yet he was cleared by^the majority. This is 
told us by Lilly himself, in tjic History of his own Life, 
where he styles Oughtrcd the most famous mathematician 
then of Europe.—He died in 166*0, at 86 years of age, and 
was buried at Aldbury. It is said he died of a sudden 
ecstasy of joy, about the beginning of May, on hearing 
the news of ihe vote at Westminster, which passed for the 
restoration of Charles the 2d.—lie left one son, whom he 
put apprentice to a watch-maker, and wrote a book of in¬ 
structions in that art for his use. 

He published several works in his life-time; the prin¬ 
cipal of which are the following : 

!• Arithmetic® in Numcro ct Spccicbus Institutio, in 
8vo, 1631. This treatise he intended should serve as a 
general key to the mathematics. It was afterwards re¬ 
printed, with considerable alterations and additions, in 
1648, under the title of A Key to the Mathematics* It 


was also published in English, . with several additional 
tracts ; viz, one on the Resolution of all kinds of Affected 
Equations in Numbers; a second on Compound Interest ; 
a third on the easy Art of Delineating all manner of Plain 
Sun-dials; also a Demonstration of the Rule of False- 
•Position. A 3d edition of the same work was printed in 
16*52, in Latin, with the same additional tracts, together 
with some others, viz, On the Use of Logarithms ; A De¬ 
claration of the 10th book of Euclid’s Elements; a trea¬ 
tise on Regular Solids; and the Theorems contained in 
the books of Archimedes. 

2. The Circles of Proportion,-and a Horizontal Instru¬ 
ment; in 1033, 4to ; published by his scholar Mr. William 
Foster.—3. Description and Use of the Double Horizontal 
Dial; 16*36*, 8vo.—4. Trigononu tria : his treatise on Tri¬ 
gonometry, in Latin, in 4to, 1657 : and another edition in 
English, together with Tables of Sines, Tangents, and Ser 
cants. 

He left behind him a great number of papers on mathe¬ 
matical subjects; and in most of his Greek and Latin 
mathematical books, there were found notes in his own 
hand-writing, with an abridgment of almost every propo¬ 
sition and demonstration in the margin, which came into 
the museum of the late William Jones, esq. These books 
and manuscripts then passed into the hands of his friend 
sir Charles Scarborough the physician ; the latter of 
which were carefully looked over, and all that were found 
fit for the press, printed at Oxford in 16*76, in 8vo, under 
the title of # 

5. Opuscula Mathematics hactenus inedita. This col¬ 
lection contains the. following pieces: (1) Institutiones 
Mechanic® : (2) Dc Yariis Corporum Gencribus Gravi¬ 
tate et Magnitudinc comparatis: (3) Automata:- (4) 
Quxstiones Diophanti Alexandria!, libri tres: (5) Dc 
Triangulis Planis llcctangulis: (6) De Divisionc Super- 
ficicrum: (7) Music® Elemental (8) De Propugnacu* 
lorum Munitionibus : (9) Sectioncs Angulares. 

6. In 1660, sir Jonas Moore annexed to his Arithmetic 
a treatise entitled, 44 Conical Sections; or, The several 
Sections of a Cone; being an Analysis or Methodical 
Contraction of the two first books of Mydorgius, and 
whereby the nature of the Parabola, Hyperbola, and El¬ 
lipsis, is very clearly laid down. Translated from the pa¬ 
pers of the learned William Oughtrcd. 1 ’ 

Oughtrcd, though undoubtedly a very great mathema¬ 
tician, was yet far from having the happiest method of 
treating the subjects lie wrote upon. His style and man¬ 
ner were very concise, obscure, and dry ; and his rules and 
precepts so involved in symbols and abbreviations,' as ren¬ 
dered his mathematical writings very troublesome to read, 
and difficult to be understood. Besides the characters 
and abbreviations before made use of in algebra, he in¬ 
troduced several others; as 

* to denote multiplication ; 

: : for proportion or similitude of ratios; 

fr for continued proportion; 

j | for greater and less ; 

OUNCE, a small-weight, being the l6th part of a pound 
avoirdupois; and the 12th part of a pound troy.—The 
avoirdupois ounce is divided into l6 drachms or drams; 
also the ounce troy iuto 24 pennyweights, and the penny¬ 
weight into 24 grains. 

OVOLO, in Architecture, a round moulding, whoso 
profile or sweep, in the Ionic and composite capital, is 
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burned by nature or art, to an active fire in close vessels, 


usually a quadrant of a circle ; whence it is also popularly 
called the quarter round. 

OUTWARD Flunking Angle'or the Angle of (he Tcnaille , 
is that comprehended by the two flanking lines of defence. 

OUTWORKS, in Fortification, all those wmks made 
on the outside of the ditch of a fortified place, to cover 
and defend it—Outworks, called also advanced and de¬ 
tached works, are those which not only serve to cover the 
body of the place, but also to keep the enemy at a di¬ 
stance, and prevent them from taking advantage of the 
cavities and elevations usually found in the places about 
the counterscarp ; which might serve them either as lodg¬ 
ments, or as rideaux, to facilitate the carrying on their 
trenches, and planting their batteries against the place. 
Such are ravelins, temtilles, hornworks, queue d’arondes, 
envelopes, and crownworks. Of these, the most usual arc 
ravelins, or halfmoons, formed between the two bastions, 
on the flanking angle of the counterscarp, and before the 
curtain, to cover the gates and bridges. 

It is a general rule in all outworks, that if there be se¬ 
veral of them, one before another, to cover one and the 
same tcnaille of a place, the nearer ones must gradually, 
and one after another, command those w hich are farthest 
advanced out into the campagne; that is, must have higher 
ramparts, that so they may overlook and fire upon the be¬ 
siegers, w hen they arc masters of the more outward works. 
The gorgos also of all outworks should be plain, and 
without parapets ; lest, when taken, they should serve to 
secure the besiegers against the fire of the retiring be¬ 
sieged ; whence the gorges of outworks arc only palisa- 
doed, to prevent a surprise. 

OX-EYE, in Optics. Sec Scioptic, and Camera 

Obsctrra 

OXGANG, or Oxgate, of land, is usually taken for 
15acres; being as much land as it is supposed one ox can 
plow in a year. In Lincolnshire they still corruptly call 
it oskin of land.—In Scotland, the term is used for a por¬ 
tion of arable land, containing 13 acres. 

OX YDS, a compound of oxygen and some other body, 
in such proportion as not to produce an acid. 

OXYGEN, n certain simple substance that enters into 
the composition of water and air ; being that which gene¬ 
rates or produces acids. ^ 

This, one of the most characteristic properties of this 
body, was discovered by Dr, Priestley in 1774. It was at 
first called dephlogisticated air, and afterwards successively 
known by the names of eminently respirable air, pure 
air, vital air, as long as it was not known that this aerial 
form is merely one of its states of combination. As soon 
ns this truth was well proved, and clearly explained by 
Lavoisier, it appeared necessary to give it a new name, 
which might he applicable to all the states in which it 
• could exist, as well that of gas as of the liquid or solid 
form ; and it finally received the name of Oxygen. 

Oxygen, like many other natural bodies, is found in 
three states, but in none of them is it alone or insulated. 
In the gaseous form it is dissolved in caloric; in the li¬ 
quid and solid form it is combined with different sub¬ 
stances. As oxygen is often contained, in a more or less 
solid form, in several natural fossils, which have under¬ 
gone combustion, and as it has much attraction for calo¬ 
ric, it is only requisite that some one of those fossils 
should he heated more or less, in order to disengage this 
principle, and obtain it in the form of gas or air. Thus, 
the chemists expose certain substances, particularly metals 


bo disposed asto conduct and rccei\c, under inverted jars, 
the gas or clastic fluid to be collected ; which is thus the 
product of a true combustion. 

The two chief sources from which oxygen is derived, 
(each of them immense in extent,) are water and air. In 
the former it is condensed into a liquid form, and com¬ 
bined with about a third of its weight ol hydrogen ; in the 
latter it is united with azot, and forms rather more than y 
part of the atmosphere.—There are various other smaller 
sources of oxygen, such as many parts o! the organized 
world, vegetable or animal (independently of the water 
they contain so abundantly), mineral acids, and metallic 
oxyds, «S:c ; but the quantities from these last sources an 
exceedingly small, in comparison with the preceding.— 
Most of the green parts of vegetables, while living, yield 
oxygen gas when exposed to the sun’s rays.—The purest 
possible oxygen gas is obtained by a higher degree of vol¬ 
taic electricity, from such substances a* it is capable of 
completely decomposing. One of the next purest oxygen 
gases is obtained by distilling, per se, the dry oxymuriat 
of potash. 

The black oxyd of manganese contains a great quan¬ 
tity of oxygen so loosely combined, as to be expelled by a 
moderate red heat; and this is the method usually pur¬ 
sued : an earthen or iron retort is filled with the black 
oxyd of manganese in powder, and heated in a brisk fire. 
The first product of gas comes over when the manganese 
is faintly red, and consists chiefly of carbonic acid, so that 
a taper is immediately extinguished. After this, if small 
samples of the gas be examined as it comes over, by dip¬ 
ping a bit of kindled wood in it, the fire will soon be 
found to burn with increased flame and brightness, a sign 
of'the presence of oxygen ;*soon after w hich it may be 
collected for use. If the manganese be very good, one 
pound of it will yield 1400 cubic inches of great purity ; 
thut is, containing no more than of carbonic acid err 
any other gus.—Manganese, if moistened with sulphuric 
acid, will also give out much oxygen, on applying no 
greater heat than that of a taper; and it may thus be ob¬ 
tained very expeditiously, wrth tlie simplest apparatus 
possible. 

All the oxyds of mercury, when heated red hot, arc 
decomposed, the metals return to ilie slate of running mer¬ 
cury (which is driven up in vapour and soon condenses), 
and the oxygen which it contained appears in the gaseous 
form, mixed with any acid which may have existed in the 
oxyd.—Oxygen gas may also be obtained very cheap, and 
considerably pure, by the destructive distillation of nitre 
in a moderate red heat.—The burning of the several com¬ 
bustible bodies in oxygen gas, forms a number of most 
beautiful and instructive experiments, and has contributed 
more than any thing else to give accurate ideas on the na¬ 
ture of combustion in general. 

The characters that peculiarly distinguish oxygen gas, 
arc the eminent degree in which it supports combustion 
and respiration ; it being proved that neither of these can 
continue without oxygen, and that it is solely owing to its 
presence that atmospheric air, and the other compound 
gasses, arc fitted for maintaining those grand processes of 
the material world. If a small animal he immersed in 
oxygen gas, it will live much longer than in the same quan¬ 
tity of common air; and if the carbonic acid, generated 
in the process, be occasionally removed by ulkulics, the 
animal will remain in the gas uninjured for a much longer 
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umc. In this, and in many other respects, the process of 
respiration and combustion agree ; but still there are 
some circumstances which render it probable that the 
diluted state of oxygen (such as it exists in common air) 
is altogether fitter for animal respiration, than a purer 
oxygen. 

OXYGONF, in Geometry, is acute-angled, meaning 
a figure consisting wholly of acute angles, or such as arc 
less than $0 degrees each.— 1 he term is chiefly applied to 
triangles, where the three angles are all acute. 

OXYGONIAL, is acute-angular. 

OX Y MU 111 A TIC Acid, is the same as dephlogisticated 
muriatic acid, or chlorine. ' 

f OZANAM (James), an eminent French mathemati¬ 
cian, was descended from a family of Jewish extraction, 
but which had long been converts to the Romish faith ; 
and some of whom had held considerable places in the 
parliaments of Provence. He was born at Boligncux in 
Brcssia, in the year I(i40; and being a younger son, though 
iiis father had a good estate, it was thought proper to edu¬ 
cate him for the church, that he might enjoy some small 
benefices which belonged to the family, to serve as a pro¬ 
vision for him. Accordingfy he studied divinity four 
years ; but then, on the death of his father, he devoted 
himself entirely to the mathematics, to which he had al¬ 
ways been strongly attached. Some mathematical books, 
which fell into his hands, first excited his curiosity; and 
by his extraordinary genius, without the aid of a master, 
he made so great a progress, that at the age of 15 he wrote 
a treatise on that subject. 

Fora maintenance he first went to Lyons to teach the 
mathematics, which answered very well; but his generous 
disposition procured him still better success elsewhere. 
Among his scholars were two foreigners, who expressing 
their uneasiness to him, at being disappointed of some 
bills of exchange for a journey to Paris; he asked them 
liow much would do, and being told 50 pistoles, he lent 
them the money immediately, even without their note for 
it. On their arrival at Paris, mentioning this generous 
action to M. Daguesscuu, father of the chancellor, this 
magistrate was so pleased \yith it, that he engaged them to 
invite Ozanam to Paris, with a promise of his favour. 
The opportunity was eagerly embraced; and the business 
of teaching the mathematics here soon brought him in a 
considerable income : but he wanted prudence for some 
time to make the best use of it. lie was young, hand¬ 
some, and sprightly; and much addicted both to gaming 
and gallantry, which continually drained his purse. How¬ 
ever, this expense in time led him to think of matrimony, 
and he soon after married a young woman without a for¬ 
tune. She made amends for this defect however by her 
modesty, virtue, and sweet temper; so that though the 
state of his purse was not amended, yet he had more real 
enjoyment than before, being indeed completely happy in 
her, as long as she lived. He had twelve children by this 
lady, though most of them died young; and he was 
lastly rendered quite unhappy by the death of his wife 
also, which happened in 1701. Neither did this mis¬ 
fortune come single: for the war breaking out about th6 
same time, on account of the Spanish succession, it swept 


away all his scholars, who being foreigners, were obliged 
to leave Paris. Thus he sunk into a very melancholy 
state ; under which however he received some relief, and 
amusement, from the honour of being admitted this same 
year an elfevc of the Royal Academy ol Sciences. But 
he never recovered his wonted health and spirits; so that, 
though he lingered through a few dull years, with a strong 
presentiment of his approaching dissolution, he might 
rather be said to exist than to live, until the year 1717, 
when he was seized w v ith an apoplexy, which terminated 
his existence on the 3d of April, at 77 years of age. 

Ozanam possessed a mild and calm disposition, a cheer¬ 
ful and pleasant temper, an inventive genius, and a gene¬ 
rosity ulmost unparalleled. After marriage his conduct 
was irreproachable; and at the same time that he was 
sincerely pious, he had a great aversion to disputes about 
theology. On this subject he used to say, that it was tho 
business of the Sorbonne doctors to discuss, of the pope 
to decide, and of a mathematician to go straight to hea¬ 
ven in a perpendicular line.— He wrote a great number of 
useful books; a list of which is as follows: 

!. A treatise of Practical Geometry; 12mo, 1684.—2. 
Tables of Sines, Tangents, and Secants; with a treatise oil 
Trigonometry; 8vo, 1685.—3. A treatise of Lincsof the First 
Order ; of the Construction of Liquations ; and of Geometric 
Lines,&c ; 4to, 16*87-—4. The Use of the Compasses of 
Proportion, &c ; with a treatise on the Division of Lands ; 
8vo, 1688.—5. An Universal Instrument for readily re¬ 
solving Geometrical Problems without calculation; l2mo, 
l6S8.—6. A Mathematical Dictionary; 4to, 16*90.—7. 
A General Method for drawing Dials, &c, 12mo, 1693. 
—8. A Course of Mathematics, in 5 volumes, 8vo, 16’93. 
—9. A treatise on Fortification, Ancient and Modern; 
4to, 1693.—}0. Mathematical and Philosophical Recrea¬ 
tions; 2 vols 8vo, 1694; and again with additions in 4 
vols, 1724.—11. New Treatise on Trigonometry ; l^mo, 
1699.—12. Surveying and Measuring all Sorts of Arti¬ 
ficers' Works; 12mo, 16*99-—13- New Elements of Alge¬ 
bra ; 2 vols 8vo, 1702.—14. Theory and Practice of Per¬ 
spective ; 8vo, 1711.—15. Treatise of Cosmography and 
Geography; 8vo, 1711.—16. Euclid’s Elements, by 
Dcchnles, corrected and enlarged; 12mo, 1709*—17. 
Boulanger's Practical Geometry enlarged, &c; 12mo, 
1691.—18. Boulanger's treatise on the Sphere corrected 
and enlarged ; 12mo. 

Ozanam has also the following pieces in the Journal dcs 
S9avans : viz, (1) Demonstration of this theorem, that 
neither the Sum nor the Difference of two Fourth Powers, 
can be a Fourth Power; journal of May 1080.—(2) 
Answer to a Problem proposed by M. Couriers ; journal 
of Nov. 17, 1681.—(3) Demonstration of a Problem 
concerning False and Imaginary Roots ; journal of April 
2 and 9, 1685.—(4) Method of finding in Numbers the 
Cubic and Sursolid Roots of a Binomial, when it has one; 
journal of April 9, 1691. 

Also in the Memoires dcTrevoux, of December 1703, 
he has this piece, viz, Answer to certain articles of Ob¬ 
jection to the first part of Iris Algebra. And lastly, in the 
Memoirs of the Academy of Sciences, *>f 1707, he has 
Observations on a Problem of Spherical Trigonometry. 
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I)ACE, or Geometrical Pace, an uncertain lineal mca- 
sure, by some supposed to be equal to 5 feet, by others 
4*4, &c. 

PAGAN (Blaisk Francois Comte de), an eminent 
French mathematician and engineer, was born at Avignon 
in Provence, ]C04; and entered on the profession of a 
soldier at 14 years of age. In l6?0 lie was employed at 
the siege of Caen, in the battle of Pont de Co, with the 
reduction of the Navarcins. and the rest of Bearn; where 
he signalized himself, and acquired a reputation far above 
his years. He was present, in 16*2J, at the siege of St. 
John d’Angeli, as also that of Clarac and Montauban, 
where he lost an eye by a musket-shot. After this time, 
there happened neither siege, battle, nor any other occa¬ 
sion, in which he did not signalize himself by some effort 
of courage and conduct. At the passage of the Alps, and 
the barricade of Suza, he put himself at the head of the 
forlorn hope, composed of the bravest youths among the 
guards; and undertook to arrive the first at the attack, by 
a private way which was extremely dangerous ; when, 
having gained the top of a very steep mountain, he cried 
out to liis followers, u There lies the way to glory!" On 
which, sliding along this mountain, they came first to the 
attack; when immediately commencing a furious onset, 
and the army coming to their assistance, they forced the 
barricades. When the king laid siege to Nancy in 1633, 
Pagan attended him, in drawing the lines and forts of 
circumvallation.—In 1642 he was sent to the service in 
Portugal, as field-marshal; and the same year he unfor¬ 
tunately lost the sight of his other eye by a distemper, and 
thus became totally blind. 

But though he was thus prevented from serving his 
country with his conduct and courage in the field, he re¬ 
sumed the vigorous study of fortification and the mathe¬ 
matics; and in 1645 lie gave the public a treatise on the 
former subject, which was esteemed the best extant.—In 
1651 he published his Geometrical Theorems, which 
showed an extensive and critical knowledge of his subject. 
—In 1655 he printed a Paraphrase of the Account of the 
River of Amazons, by father de Rennes; and, though 
blind, it is said he drew the chart of the river and the ad¬ 
jacent parts of the country, as in that work.—In 1657 
he published The Theory of the Planets, cleared from 
that multiplicity of cxccntric cycles and epicycles, which 
the astronomers had invented to explain their motions. 
This work distinguished him among astronomers, as much 
as that of Fortification had among engineers. And in 1658 
he printed his Astronomical Tables, which arc plain and 
succinct. 

Few great men are without some foible; Pagan's was 
that of a prejudice in favour of judicial astrology; and 
though he is more reserved than most others on that head, 
yet we cannot place what he did on that subject among 
those productions which do honour to his understanding. 
He was beloved and respected by all persons illustrious 
for rank as well as science; and his house was the rendez¬ 
vous of all the polite and learned both in city and court. 
—He died at Paris, universally regretted, Nov. 18, 1665, 
at 61 years of age. 

Vol. II. 


Pagan had a universal genius; and, having turned hi* 
attention chiefly to the art of war, and paiticulnrly to 
the branch of fortification, he made extraordinary pro¬ 
gress and improvements in it. lie understood mathema¬ 
tics not only better than is usual for a gentleman whose 
view is to push his fortune in the army, but even to .i 
degree superior to that of the ordinary masters who teach 
that science. He had so particular a genius for this kind 
of learning, that he acquired it more readily by medita¬ 
tion than by reading authors upon it ; and accordingly 
he spent less time jn such hooks than he did in those ot 
history and geography. He had also made morality and 
politics his particular study ; so that he may be said to 
have drawn his own character in his lioinme Ilcroique, 
and to have been one of the completed gentlemen of his 
time. Having never married, that branch of his family, 
which removed from Naples to France in 1552, became 
extinct in his person. 

PALILICUM, the same as Aldebaran, a fixed star of 
the first magnitude, in the eye of Taurus, the Bull. 

PALISADliS, or Palisadoes, in Fortification, stokes 
or small piles driven into the ground, in various situa¬ 
tions, as some defence against the surprise of an enemy. 
They are usually about 6 or 7 inches square, and .0 or 10 
feet long, driven about 3 feet into the ground, and 6 inches 
apart from each other, being braced together by pieces 
nailed across them near the tops ; and secured by thick 
posts at the distance of every 4 or 5 yards. 

Palisades are placed in the covert-way, parallel to 
and at 3 feet distance from the parapet or ridge of the glacis, 
to secure it against a surprise. They arc also used to • 
fortify the avenues of open forts, gorges, half-moons, the 
bottoms of ditches, the parapets of covert-wuys ; and in 
general all places liable to surprise, and easy of access. 

Palisadoes are usually planted perpendicularly; 
though some make an angle inclining out towards the 
enemy, that the ropes cast over them, to tear them up, 
may slip. 

PALLADIO (Andrew), a celebrated Italian archi¬ 
tect in the l6th century, was a native of Vicenza in Lom¬ 
bardy, and the disciple of Triffin, a learned Patrician, or 
Roman nobleman of that town. Palladio was one of those 
who laboured particularly to restore the ancient beauties 
of architecture, and contributed greatly to revive a true 
taste in that art. Having learned the principles of it, he 
went to Rome; where, applying himself with great dili¬ 
gence to study the ancient monuments, he entered into 
the spirit of their architects, and possessed himself of all 
their beautiful ideas. This enabled him to restore their 
rules, which had b6en corrupted by the barburous Goths. 
He made exact drawings of the principal works of anti¬ 
quity which were 16 *be met with at Rome; to which he 
added Commentaries, which went through several impres¬ 
sions, with the figures. 'I bis, though a very useful work, •. 
is greatly exceeded by the 4 books of architecture which 
he published in 1570. The last book treats of the Roman 
temples, and is executed in such a manner, ns gives him 
the preference to all his predecessors on that subject. It 
was tranlated into French by Roland Friatt, and into 
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English by several authors. Inigo Jones wrote some ex¬ 
cellent remarks upon it, which were published in an edition 
of Palladio by Leoni, 1742, in 2 volumes folio. Palladio 
died in I 580. 

PALLAS, is the name given by Dr. Olbcrs to a new 
planet discovered by him at Bremen, March 28, 1802, 
being now the 7th in order from the sun, and distant from 
him about 203 million miles: it performs its periodic re¬ 
volution in 1082 days, or 4 years 7 months 11 days ; hut 
it is too small to be perceived by the naked eve, or even 
with the assistance of a telescope of an inferior kind. Its 
elements, as far as they have been at present ascertained, 
arc stated below, but it is probable that future observa¬ 
tions may show them to stand in need of some corrections. 


Revolution in its orbit 4 \ears 

7 months 

11 days. 

Mean longitude Jail. 1st, 1804 

- 

9 1 

2«F 53' 

Annual motion 

- 

2 

18 11 

Aphelion - 

- 

10 

1 7 

Node - - 

- 

5 

22 28 

Excentricity 

- 


0-2463 

Inclination 

- 


34 39 

PALLETS, in Clock and Watch Work, arc those pieces 


or levers which are connected with the pendulum or ba¬ 
lance, and receive the immediate impulse of the swing- 
wheel, or balance-wheel, s.» as to maintain the vibrations 
of the pendulum in clocks, and of the balance in watches. 
—-The pallets in all the ordinary constructions of clocks 
and watches, arc formed on the verge or axis of the pen¬ 
dulum or balance, and arc of various lengths and shapes, 
according to the construction of the piece, or the fancy of 
the artist. 

PALLIFICATION, or Piling, in Architecture, denotes 
the piling of the ground-work, or the strengthening it with 
piles, or timber driven into the ground; which is practised 
when buildings arc erected on a moist or mjirshy soil. 
PALLISADES. See Palisades. 

PALM, an ancient long-measure, taken from the extent 
of the hand.—The Roman palm was of two kinds: the 
great palm, taken from the length of the hand, answered 
lo our span, and contained 12 fingers, digits, or fingers 
breadths, or 9 Roman inches, equal to about 8 { English 
inches. The small palm, taken from the breadth of the 
hand, contained 4 digits or fingers, equal to about 3 English 
inches.—The Greek palm, or doron, was also of two kinds. 
The small contained 4 fingers, equal to little more than 3 
inches. The great palm contained 5 fingers. The Greek 
double palm, called diebas, contained also in proportion. 

The modern palm is different in different places where 


•it is used. It contains, 

Inc. Lines 

At Rome - - - 8 3* 

At Naples, according to Riccioli, - 8 0 

Ditto, according to others, - - 8 7 

At Genoa - - - 9 1 9 

At Morocco and Fez - - 7 2 

Languedoc, and some other parts of France, 9 9 
The English palm is 3 0 


PALM-SUNDAY, the last Sunday in lent, or thcsOn- 
day next before caster day. So called, from the primitive 
days, on account of a pious ceremony then in use, of bear¬ 
ing palms, in memory of the triumphant entry of Jesus 
Christ into Jerusalem, 8 days before the feast of the pass- 
•over. 

PAPPUS, a very eminent Greek mathematician of Alex¬ 
andria towards the latter .part of the 4th century, particu¬ 


larly mentioned by Suidas, who says he flourished under 
the emperor Theodosius the Great, who reigned from the 
year 379 to 395 of Christ. His writings indicate him to 
have been a consummate mathematician. Many of his 
works are lo^t, or at least have not yet been discovered. 
Suidas mentions several of his works, as also Vossius Do 
Scientiis Matheinaticisu The principal of these are, his 
Mathematical Collections, in 8 books, the first and part 
of the second being lost. He wrote also a Commentary 
on Ptolemy's Almagest; a Universal Chorography ; A 
Description of the Rivers of Libya; A Treatise of Military 
Engines; Commentaries on Aristarchus of Samos, con¬ 
cerning the Magnitude and Distance of the Sun and Moon ; 
&c. Of these, there have been published, The Mathema¬ 
tical Collections, in a Latin translation, with a large Com¬ 
mentary, by Commandine, in folio, 15SS; and a second 
edition of the same in l660. In 1(>44, Mersennc exhi¬ 
bited a kind of abridgment of them in his Synopsis Ma- 
thematica, in 4to : but this contains only such propositions 
as could be understood without figures. In 1655, Mei- 
bomius gave some of the Lemmata of the 7th book, in his 
Dialogue on Proportions. In 1688, Dr. Wallis printed 
the last 12 propositions of the 2d book, at the end of his 
Aristarchus Samius.' In 1703, Dr. David Gregory gave 
part of the preface of the 7th book, in the Prolegomena 
to his Euclid. In 1706, Dr. Halley gave that Preface en¬ 
tire, in the begiuning of his Apollonius. And lastly, the 
reverend and learned Dr. Trail (in an appendix to his Ac¬ 
count of the Life and Writings-of Rob. Simson, m. d.) 
has added a critical account of the Mathematical Collec~ 
lions of this author. 

As the contents of the principal work, the Mathema¬ 
tical Collections, arc exceedingly curious, and no account 
of them having ever appeared in English when this was 
written, 1 shall here give a very brief analysis of those 
books, extracted from my notes on this author. 

Of the Third Book — The subjects of the third book con¬ 
sist chiefly of three principal problems; for the solution 
of which, a great many other problems are resolved, and 
theorems demonstrated. The first of these three pro¬ 
blems is, To find Two Mean Proportionals between two 
given lines—The 2d problem is, To find, what are called, 
three Mcdictates in a semicircle; where, by a Medie¬ 
tas is meant a set of three lines in continued proportion, 
whether arithmetical, or geometrical, or harmonical; so 
that to find three medictates, is to find an arithmetical, 
a geometrical, and an harmonical set of three terms each. 
And the third problem is, From some points in the base 
of a triangle, to draw two lines to meet in a point within 
the triangle, so that- their sum shall be greater than the 
sum of the other two sides that are without them. A great 
many curious properties arc premised to each of these 
problems; then their solutions are given according to the 
methods of several nneient mathematicians, with an histo¬ 
rical account of them, and his own demonstrations ; und 
lastly, their applications to various matters of great im¬ 
portance. In his historical anecdotes, many curious things 
are preserved concerning mathematicians that were ancient 
even in his time, which wc should otherwise have known 
nothing at all nbout. 

In order to-the solution of the first of the three pro¬ 
blems above mentioned, he begins by premising four ge¬ 
neral theorems Concerning proportions. Then follows a 
dissociation on the nature and division of problems by tho 
ancients, iuto Plane, Solid,’ and Linear, with examples 
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*>( them, taken from the writings of Eratosthenes, Philo, 
and Hero. A solution is then given to the problem con¬ 
cerning two mean proportionals, by four different ways, 
namely, according to Eratosthenes, - Nicoincdcs, Hero, 
and after a way of his own, in which he not only doubles 
the cube, but also finds another cube in any proportion 
whatever to a given cube. 

For the solution of the second problem, he lays down 
very curious definitions and properties of Medictatcs of all 
kinds, and shows how to find all in a great variety of cases, 
both as to what the ancients had done i'n them, and what 
was done by others whom he calls the moderns. Medietas 
seems to have been a general term invented to express 
three lines, having either an arithmetical, or a geometrical, 
or an harmonical relation ; for the words proportion (or 
ratio), and analogy (or similar proportions), are restricted 
to a geometrical relation only. Hut he shows how all the 
ipedietates may be expressed by analogies. 

The solution of the 3d problem leads Pappus to the con¬ 
sideration of a number of admirable and seemingly para¬ 
doxical problems, concerning the inflecting of lines to a 
point within triangles, quadrangles, and other figures, the 
sum of which shall exceed the sum of the surrounding ex¬ 
terior lines. 

# 

Finally, a number of other problems are added, concern¬ 
ing the inscription of all the regular bodies within a sphere. 
The whole being effected in a very general and purely ma¬ 
thematical way; making all together 58 propositions, viz, 
44 problems and 14 theorems. 

Of the 4 th Book of Pappus .—In the 4th book arc first 
premised a number of theorems relating to triangles, pa¬ 
rallelograms, circles, with lines in and about circles, and 
the tangencies of various circles: all preparatory to this 
curious and general problem, viz, relative to an infinite 
scries of circles inscribed in the space, called 
Arbelon, contained between the circumferences of two 
circles touching inwardly. Where it is shown, that if the 
infinite scries of circles be inscribed in the manner of this 
first figure, where three semicircles arc described on the 
lines J?a, pq, qe, and the pcrpcudiculars a a, d 5, cc, 



&c, let fall from the centres of the series of inscribed cir¬ 
cles; then the property of ^these perpendiculars is this, 
viz, that the first perpendicular \a is equal to the diameter 
or double the radius of the circle a ; the second perpen¬ 
dicular b b equal to double the diameter or 4 times the 
radius of the second circle c; the third perpendicular cc 
equal to 3 times the diameter or 6 times the radius of the 
third circle c; and so on, the scries ofcperpendiculars being 
to the series of the diameters, as 1, 2, 3, 4, Uc 9 to 1, 

-or to the scries of radii, as 2, 4, 6, 8, &c, to 1. 

But if the severul small circles be inscribed in the man¬ 
ner of this second figure, the first circle of the series tdteh- 
ing the part of the line qu ; then the scries of perdendi- 


culars \a 9 b b t cc, Arc, will be 1, 3, 5, 7, Ac, times the 
radii ot the circles a, b, c, d, Ac; viz, according to the 



series of odd numbers; the former proceeding by the series 
of even numbers. 

^ Pappus next treats of the Helix, or Spiral, proposed by 
Conon, and resolved by Archimedes, demonstrating its 
principal properties: in the demonstration of some of 
which, he makes use of the same principles as Cavallerius 
did lately, adding together an infinite number of infinitely 
short parallelograms and cylinders, which he imagines a 
triangle and cone to be composed of. — He next trouts of 
the properties of the Conchoid, which Nicomcdes invented 
for doubling the cube; applying it to the solution of cer¬ 
tain problems concerning Inclinations, with the finding 
of two mean proportionals, and cubes in any proportion 
whatever.—Then of the rerfaycuyiZovca, or Quadratrix, 
so called from its use in squaring the circle, for which 
purpose it was invented and employed by Dinostratus, 
Nicomcdes, and others: the use of which however he dis¬ 


approves, as it requires postulates equally hard to be 
granted, as the problem itself to be demonstrated by it. 
—Next lie treats of Spirals, described on planes, and on 
the cpnvcx surfaces of various bodies.—From another pro¬ 
blem, concerning Inclinations, he shows, how to trisect 
a given angle ; to describe an hyperbola, to two given 
asymptotes, and passing through a given point; to divide 
a given arc or angle in any given ratio; to cut off arcs of 
equal lengths from unequal circles ; to take arcs and angles' 
in any proportion, and arcs equal to right lines; with pa¬ 
rabolic and hyperbolic loci, which last is one of the in¬ 
clinations of Archimedes. 

Of the 5th Book of Pappus .—This book opens with re¬ 
flections on the different natures of men and brutes, the 
former acting by reason and demonstration, the latter by^ 
instinct, yet some of them with a certain portion of reason 
or foresight, as bees, in the curious structure of their cells, 
which he observes arc of such a form as to complete the 
6pace quite around a point, and yet require the least ma¬ 
terials to build them, tocontain thesamequantity ofhoncy. 
He shows that the triangle, square, and hexagon, are the 
only regular polygons capable of filling the whole space 
round u point; and remarks that the bees have chosen the 
fittest of these; proving afterwards, in the propositions, 
that of all regular figures of the same perimeter, that is of 
the largest capacity which lias the greatest number of sides 
or angles, and consequently that the circle is the most ca¬ 
pacious of all figures whatever. 

And thus lie finishes this curious book on Isopcrimctri- 
cal figures, both plane and solid ; in which many curious 
and important properties arc strictly demonstrated, both 
of planes and solids, some of them being old in his time, 
and muny new ones of his own. In fact, it seems lie has 
here brought together into this book, all the properties rt>- 
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lating to isopcrimetricnl figures then known, and their dif¬ 
ferent degrees of capacity. In the last theorem of the 
book, he has a dissertation to show, that there can be no 
more regular bodies besides the five Platonic ones, or, that 
only the regular triangles, squares, and pentagons, will 
form regular solid angles. 

Of the Oth Book of Pappus .—In this book he treats of 
certain spherical-properties, which had been either neglect¬ 
ed, or improperly and imperfectly treated by some cele¬ 
brated authors before his time.—Such are some things in 
the 3d book of T heodosius's Spherics, and in his book on 
Days and Nights, as also some in Euclid's Phenomena. 
Tor the sake of these, Pappus premises and intermixes 
many curious geometrical properties, especially of circles 
of the sphere, and spherical triangles, lie adverts to some 
curious cases of variable quantities ; showing how some 
increase and decrease both ways to infinity ; while others 
proceed only one way by increase or decrease, to infinity, 
and the other way to a certain magnitude; and others 
again both ways to a certain magnitude,giving a maximum 
and minimum. — Here arc also some curious properties 
concerning the perspective of the circles of the sphere, 
and of other lines. Also the locus is determined of all 
the points from whence a circle may be viewed, so as to 
appear an ellipse, whose centre is a given point within the 
circle; which locus is shown to be a semicircle passing 
through that point. 

Of the 7th Book of Pappus. —In the introduction to this 
book, lie describes very particularly the nature of the ma¬ 
thematical composition and resolution of the ancients, 
distinguishing the particular process and uses of them, in 
the demonstration of theorems and solution of problems. 
He then enumerates all the analytical books of the an¬ 
cient^, or those proceeding by resolution, which he docs in 
the following order, viz, 1st, Euclid's Data, in one book : 
2d, Apollonius's Section of a Ratio, 2 books : 3d, bis 
Section of a Space, 2 books : 4th, his Tangcncies, 2 looks: 
5th, Euclid's Purisms, 3 books : 6th, Apollonius’s Inclina¬ 
tions, 2 books: 7th, his Plane Loci, 2 books: 8th, his 
Conics, 8 books : 9th, Arista^us’s Solid Loci, 5 books: 
10th, Euclid's Loci in Superficies*2 books; and 11th, 
Eratosthenes’s Medietates, 2 books. So that all the books 
are 31, the arguments or contents of which he*exhibits, 
with the number of the loci, determinations, and cases, 
ike ; with a multitude of lemmas and propositions laid 
down and demonstrated ; the whole making 238 proposi¬ 
tions, of the most curious geometrical principles and pro¬ 
perties, relating to those books. 

Of the 8 th Book of Pappus m —The 8th book is altogether 
on Mechanics. It opens with a general oration on the sub¬ 
ject of mechanics ; defining the science, enumerating the 
different kinds and branches of it, and giving an account 
of the chief authors and writings on it. After an account 
of the centre of gravity, on which the science of mechanics 
so greatly depends, he shows, in the first proposition, that 
such a point really exists in all bodies. Some of the fol¬ 
lowing propositions are also concerning the properties of 
the centre of gravity. He next comes to the inclined 
plane, and in prop. 9, shows what power will draw n given 
weight up a given inclined plane, when the power is given 
which can draw the weight along a horizontal plane. In 
the 1 Oth prop, concerning the moving a given weight with 
a given power, he treats of what the ancients called a 
Glossocomum, which is nothing more than a series of 
it heels-und-axlcs, in any proportions, turning each other, 


till we arrive at the given power. In this proposition, as 
well as in several other places, he refers to some books that 
arc now lost; as Archimedes on the Balance, and the Me¬ 
chanics of Hero and of Philo. Then, from prop. 11 to 
prop. 19, he treats on various miscellaneous subjects, as, 
the organical construction of solid problems; the diminu¬ 
tion of an architectural column ; to describe an ellipse 
through five given points; to find the axis ol an ellipse 
organically ; to find also organically, the inclination of one 
plane to another, the nearest point of a sphere to a plane, 
the points in a spherical surface cut by lines joining certain 
points, and to inscribe seven hexagons in a given circle. 
Prop. 20, 21, 22, 23, teach how to construct and adapt 
the Tympani, or wheels of the glossocomum, to one ano¬ 
ther, showing the proportions of their diameters, the num¬ 
ber of their teeth, &c. And prop. 24^hows how to con¬ 
struct the s'piral threads of a screw. 

lie comes then to the five mechanical powers, by which 
a given weight is moved by a given power. He here pro¬ 
poses briefly to show what has been said of these powers 
by Hero and Philo, adding also some things of his own. 
Their names are, the axis-in-peritrochio, the lever, pulley, 
wedge, and screw ; and he observes, those authors showed 
how they are all reduced to one principle, though their 
figures be very different. He then treats of each of these 
powers separately, giving their figures and properties, their 
construction and uses. 

He next describes the manner of drawing very heavy 
weights along the ground, by the machine termed Chelone, 
which is a kind of sledge placed upon two loose rollers, 
and drawn forward by any power whatever, a third roljcr 
being always laid under the forepart of the chelone, as one 
of the other two is quitted and left behind by the motion 
of the machine. In fact, this is the same muchinc as has 
always been employed on many occasions, in moving very 
great weights to moderate distances. 

Finally, Pappus describes the manner of raising great 
weights to any proposed height by the combination of me¬ 
chanic powers,as, by cranes and other machines; illustrating 
this, and the former parts, by drawings of the machines 
that arc described. 

PARABOLA, in Geometry, a figure arising from the 
section of a cone, when cut by a plane parallel to one of 
its sides, as the section ade parallel to the side vb of the 
cone. Sec Co n ic Sections , where some general properties 
arc given. 




Some other Properties qf the Parabola .— 1. From the 
same point of a cone only qnc parabola can be drawn; 
all the other sections between the parabola and the paral¬ 
lel side of the cone being ellipses, ami all without them 
hyperbolas. The parabola has but one focus, through 
which the axis ac passes; all the other diameters being 
parallel to this, and also infinite in length. 

2/The parameter of the axis is a third proportional 
to any absciss and its ordinate; viz, ac : cd : : cd : p 
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the parameter. And therefore if x denote any absciss 

ac, and y the ordinate cd, it will be x : y : :y :p = ~ 

thc parameter ; or, by multiplying extremes and means 
px = y a , which is the equation of the parabola. 

3. The focub f is the point in the axis where the double 
ordinate Gi^is equal to the parameter. Therefore, in the 
equation of the curve px = taking p = 2 y, it becomes 
2yx = y z , or 2 x = y y that is 2af = fii, or af = }m, 
or the focal distance from a vertex af is equal to half the 
ordinate there, or = ip, one-fourth of the parameter* 

4. The abscisses of a parabola are to one another, as 
the squares of their corresponding ordinates. This is 
evident from the general equation of the curve px = y 2 , 
where, p being constant, x is as y 2 . 

5. The line fe ( fig. 2 above) drawn from the focus to 
any point of the curve, is equal to the sum ot the local 
distance and the absciss of the ordinate to that point ; that 
is fe = fa ad = od, taking ac. = af = ip> Or 
ef is always = eo, drawn parallel to do, to meet the per¬ 
pendicular co, called the directrix. 

6 . If a line tbc cut the curve of a parabola in two 
points, and the axis produced in t, and bh and Cl be-or¬ 
dinates at those two points; then is at a mean propor¬ 
tional between the abscisses aii and ai, or at 2 = ah . ai. 
—And if te touch the curve in E, then is at = ad = 
the mean between ah and ai. 

7. If ie be drawn from the focus to .the point of con¬ 
tact of the tangent TE,and ek perpendicular to the same 
tangent; then is ft = fe = fk ; and the subnormal dk 
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The same properties too that have been shown of the 
axis and its abscisses and ordinates, cVe, arc true ofthoscof 
any other diameter. All which, besides many other curious 
properties of the parabola, may be seen demonstrated in 
my Treatise on Conic Sections, and in the Course of Ma¬ 
thematics. 

Jl. To Construct a Parabola by Points. — In the axis 
produced lake ag = af (last fig. above) the focal di¬ 
stance, and draw a number of lines ee, ee, «S:c, perpendi¬ 
cular to the axis ad ; then with the distances gd,gd, &c, 
as radii, and the centre f, describe arcs crossing the paral¬ 
lel ordinates in e, e, &c. Then with a steady hand, or by 
the side of a slip of bent whale-bole, draw the curve 
through all the points e> e. e, &c. 

12. To describe a Parabola by a continued Motion. —If 
the rule or the directrix bc be laid upon a plane, (first fig. 
below) with the square g do, in such manner that one of 
its sides dg lies along the edge of that rule; and if the 
thread fmo equal in length to do, the other side of the 
square, have one end fixed in the extremity of the rule at 
o, and the other end in some point f: then slide the side 
of the square dg along the rule bc, and at the same time 
keep the thread continually tight by means of the pin M, 
with its part mo close to the side of the square do ; so 
shall the curve amx, which the pin describes by this mo¬ 
tion, be one part of a parabola.—And i! the square bc 
turned over, and moved on the other side of the fixed point 
f, the other part of the same parabola amz will bc de¬ 
scribed. 

C 


equal to the constant quantity 2 af or ip. 

8 . The diameter el being parallel to the axis ak, trie 
perpendicular fk, to the curve or tangent at E, bisects the 
angle lef. And therefore all rays ol light le, mn,.&c, 
coining parallel to the axis, will be reflected into the point 
F, which is therefore called the focus, or burning point; for 
the angle of incidence lek is = the angle of rejection kef. 

9. If i ek (next fig. below) bc any line parallel to the 
axis, limited by the tangent tc and ordinate ckl to the 
point of contact; then shall i£ : ek ::ck : kl. And 
the same thing holds true when cl is also in any oblique 
position. 
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10. Tbc external parts of the parallels ie, ta, on, pl, 
&c, arc always proportional to the squares of their inter¬ 
cepted parts of the tangent; that is, 
the external part9 ie , ta , on , pl , 
are proportional \p ci a , ct 2 , co?, cp 2 , 
or to tlie squares ck?, cd 2 , cm 2 , cl 2 . 

A property from which is immediately derived the com¬ 
mon theory of projectiles. 

And as this property is common to every position of 
the tangent, if the lines ie,ta, on, &c, be appended tp 
the points i, t, o, &c, of the tangent, and moveable about 
them, and of such lengths as that their extremities e, a, 
n, &c, &c, be in the curve of a parabola in any one posi¬ 
tion of the tangent; then making the tangent revolve 
about the point c, the extremities e, a, n,&c, will always 
form the curve of some parabola, in every position of the 
tangent. 
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13. To draw Tangents to the Parabola. —If the point of 

contact c be given : (last fig. above) draw the ordinate c b, 
and produce the axis till at bc = a b ; then join tc, which 
will be the tangent. # # % 

14. Or if the point be given in the axis produced : 
take ab = at, and draw the ordinate bc* which will 
give c the point of contact; to which draw the lineTC as 
before. 

15. If d bc any other point, neither in the curve nor 
in the axis produced, through which the tangent is to 
pass: draw deg perpendicular to the axis, and take dii 
a mean proportional between de and dg, and draw nc 
parallel to the axis; so shall c he the point of contact, 

. through which and the given point p the tangent dct is to 

be drawn. . . , 

16 . When the tangent is to make a given angle with the 

ordinate at the point of contact: take the absciss ai equal 
to half the paramatcr, or to double the focal distance, and 
draw the ordinate if.: ulso draw aii to make with ai the 
angle ha i equal to the given angle ; then draw nc parallel 
to the axis, and it will cut the curve in c the point of con¬ 
tact, where a line drawn tamake the given angle with cii 
will be the tangent required. 

17. To find the Aica of a Parabola . Multiply the base 
eg by the perpendicular height ai, and \ of the product 
will be the area of the space aega; because the parabolic 
space is 7 of its circumscribing parallelogram. 

18. To find the Length of the Cuive ac, (commencing at 
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the \ertc.\v — Lot y — the ordinate pc, p = the parameter, 
g = —, and s = ^/(l -+- </’) ; then shall Ip * (71 ■+- hyp. 

log, of 7 -4- s) be the length of the curve ac. 

Sec various other rules for the areas, and lengths of the 
curve, Ac, in my Treatise on mensuration, sec 0, pa. 2 7 I, 
Ac, 4th edition. 

Pa ha nor. a s of the Higher Kinds, are algebraic curves, 
defined by the general equation a" — ' x = y % ; that is, 
either trx = jr, or a?x = y 4 , or « 4 x = y 5 , &c. 

Some call these by the name of paraboloids: and in 
particular, if «\r = y :i , it is called a cubical paraboloid; 
if a'x = y 4 , it is a biquadratical paraboloid, ora sursolid 
paraboloid. In respect of these, the parabola of the first 
kind, above explained, is called the Apollonian, or qua¬ 
dratic parabola. 

Those cuives are also to be referred to parabolas, that 
arc expressed by the general equation ax u — 1 = y ", where 
the indices of the quantities on each side are equal, as be¬ 
fore; and these are called semi-parabolas : as ax’ =y 3 the 
6 cmi-cubieul parabola; or ax J = y 4 the semi-biquadratical 
parabola ; Ac. 

They are all comprehended under the more general 
equation a m x n =y m ■+■ ", where the two indices on one side 
are still equal to the index on the other side of the equa¬ 
tion; which include both the former kinds of equations, as 
well as such as these following ones, viz, a'x* =y l , or 
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a'x 3 = y \ or « 4 x 1 — y\ Ac. 






Cartesian Pa it a bola, is a curve of the 2d order ex¬ 
pressed by the equation, xy = ax 3 -4- bx* -t- cx ■+■ it, con¬ 
taining four infinite legs, 
viz, two hyperbolic ones, 
it m and lira, to the com¬ 
mon asymptote ae, tend¬ 
ing contrary ways, and two 
parabolic legs M n and nv 
joining them, being New¬ 
ton’s 66th species of lines 
of the 3d order, and called 
by him a Trident. It is 
used by Descartes, in the 
3d book of his Geometry, for finding the roots of equa¬ 
tions of 6 dimensions, by means of its intersections with a 
circle. Its most simple equation is xy = x 3 - 4 - g 3 , And 
points through which it is to pass may be easily found by 
means of a common parabola whose absciss is ax' - 4 - bx -t- c, 

and an hyperbola whose absciss is -; for_y will be equal 

to the sum or difference of the corresponding ordinates of 
this parabola and hyperbola. 

Descartes, in the place abovementionod, shows how to f 
describe this curve by a continued motion. And Maclau- 
rin docs the same thing in a different way, in his Organica 
Gcometria. 

Diverging Pa r a bola, is a name given by Newton to a 
species of five different lines of the third order, expressed 
by the equation y l = ax 3 -4- bx* -4- cx -4- d. 

The first is a bell-form parabola, with an oval at its 
Jrcad (fig. I); which is the case when the equation 0 = 
ox 3 - 4 - bx 1 cx - 4 - d, has three real and unequal roots; so 
that one of tlio most simple equations of a curve of this 
kind is py' = x 1 - 4 - ox* - 4 - a*x. .. 


The 2d is also a bell-form parabola, with a conjugate 
point, or infinitely small oval, at the head (fig. 1); being 
the case when the equation 0 = ax 3 - 4 - bx' -4- cx d has 
its two less roots equal; the most simple equation of which 
is py' = x 1 - 4 - ax'. 

The 3d is a parabola, with two diverging legs, crossing 
one another like a knot (fig. 2) ; which happens when 
the equation 0 = ax 3 -4- bx 3 -4- cx - 4 - d has its two greater 
roots equal; the more simple equation being py' — x* 
-+- ax 4 . 

The 4th is n pure bell-form parabola (fig. 3); being the 
case when 0 = ax 3 -4- bx 1 -4- cx -4- d has two imaginary 
roots ; and its most simple equation is py 1 = x 3 -4- a 1 , or 
py' — x* - 4 - d‘x. 

The 5th a parabola with two diverging legs, forming at 
their meeting a cusp or double point (fig. 4) ; being the 
case when the equation 0 = ax 3 -4- bx' -4- cx -4- dims three 
equal roots; so that py 1 = x 3 is the most simple equation 
of this curve, which indeed is the scini-cubical, or Neilian 
parabola. 

If a solid generated by the rotation of a semi-cubical 
parabola, about its axis, be cut by a plunc, each of these 
five parabolas will be exhibited by its sections. For, when 
the cutting plane is oblique to the axis, but falls below it, 
the section is a diverging parabolu, with an ovul at its 
head. When it is oblique to the axis, but passes through 
the vertex, the section is a diverging parabola, having an 
infinitely small oval ut its head. When the cutting planQ 
is oblique to the axis, it falls below it, and at the same 
time touches the curve surface of the solid, as well ns cuts 
it, the section is a diverging parabola, with a nodus or 
knot. When the cutting plane falls above the vertex, cither 
parallel or oblique to the axis, the section is a pure di¬ 
verging parabola. And lastly, when the cutting piano 
passes through the axis, the section is the semi-cubical pa¬ 
rabola from which the solid was generated. 

PARABOLIC Asymptote, is used for a parabolic line 
approaching to a curve, so that they never meet; yet by 
producing both indefinitely, their distance from each other 
becomes less than nny given line. 

There may be as many different kinds of these asym¬ 
ptotes as there arc parabolas of different orders. When a 
curve has a common parabola for its asymptote, the ratio 
of the subtangont to the absciss approaches continually to 
the ratio of 2 to 1, when the axis of the parabola coin¬ 
cides with the base; but this ratio of the subtangent to tho 
absciss approaches to that of 1 to 2, when the axis is per¬ 
pendicular to the base. And by observing tho limit to 
which the ratio of the subtangent and absciss approaches, 
parabolic asymptotes of various kinds may be discovered. 
See Maclaurin’s Fluxions, art. 337* 
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Parabolic Conoid y is a solid generated by the rotation 
of a parabola about its axis.—Tins solid is equal to half 
its circumscribed cylinder ; and therefore if the base be 
multiplied by the height, half the product will be the solid 
content. 

To find the Curve Surface of a Paraboloid. 

Let bad be the generating para¬ 
bola, ac = at, and bt a tangent at 
B. Put p = 3T4l6, y = bc, x = ac 
= at, and / = bt = \/ ( 4 j* y 1 ) ; 

then is the curve surface = } ay x 

fy - ). 

* + * 14-r- d 

See various other rules and geome¬ 
trical constructions for the surfaces and solidities ot 
parabolic conoids, in my Mensuration, part 3, sec. 6, 4th 
edition. 

Parabolic Pyramidoid, is asolid figure thus named by 
Dr. Wallis, from its genesis, or formation, which is thus : 
Let all the squares of the ordinates of a parabola be con¬ 
ceived to be so placed, that the axis shall pass perpendi¬ 
cularly through all their centres; then the aggregate of 
all these planes will form the parabolic pyramidoid.— ' his 
figure is equal to half its circumscribed parallelopipcdon. 
And therefore the solid content is found by multiplying the 
base by the altitude, and taking half the product; or the 
one of these by half the other. 

Parabolic Space , is the space or area included by 
the curve line and base or double ordinate of the parabola. 
The area of this space, it has been shown under the article 
Parabola, is f of its circumscribed parallelogram ; which 
is its quadrature, and which was first found out by Archi¬ 
medes, though some say by Pythagoras. 

Parabolic Spindle , is a solid figure conceived to be 
formed by the rotation of a parabola about its base or 
double ordinate.—This solid is equal to T 8 T of its circum¬ 
scribed cylinder. See my Mensuration, prob. 15, pa.2J)6‘, 
Ac, 4th edition. 

Paii a bolic Spiral . Sec Helicoid Parabola . 

Paiiabollform Curves , a name sometimes given to the 
parabolas of the higher orders. 

PAltABOLOIDLS, parabolas of the higher orders.— 
The equation for all curves of this kind being a m — n x n 
= y m , the proportion of the area of any one, to the com¬ 
plement of it to the circumscribing parallelogram, will be 
as m to n. 

PARACENTRIC Motion , denotes the space by which 
a revolving planet approaches nearer to, or recedes farther 
from, the sun, or centre of attraction. 

Thus, if a planet in a move towards n ; then is sb — 
s a = b b the paracentric motion of that planet: where s 
denotes the place of the sun. 



Paracentric Solicitation qf Gravity , is the same as 


the Vis Centripcta; and is expressed by the line a l drawn 
from the point a, parallel to the ray sb (infinitely near 
sa), till il intersect the tangent bl. 

PARACHUTE, or Fall-breaker, an instrument in form 
of a large umbrella, by means ot which a person may 
safely descend to the ground with a small velocity, from a 
balloon, or from any great height in the air.—This is 
effected by the great resistance of the air against the 
descending machine; which, being resisted by a force in¬ 
creasing as the square of the velocity, soon comes to de¬ 
scend with a uniform motion. And, to determine what 
size it is necessary the parachute ought to have, in order 
that the velocity may be at any given moderate rate, sec 
the solution of prob. 1, tract 38, vol. 3, of my Mathema¬ 
tical and Philosophical Tracts. 

PARALLACTIC Angle, called also simply Parallax, 
is the angle est (last fig. above) made at the centre of 
a star, &c, by two lines, drawn, the one from the centre 
of the earth at t, and the other from its surface at e.— 
Or, which amounts to the same thing, the parallactic 
angle is the difference of the two angles cea and bta, 
under which the real and apparent distances from the 
zenith arc seen.—The sines of the parallactic angles elt, 
est, at the same or equal distances ns from the zenith, 
are in the reciprocal ratio of the distances, tl, and ts, 
from the centre of the earth. 

PARALLAX, is an arch of the heavens intercepted 
between the true place of a star, and its apparent place. 
The true place of a star s, is that point of the heavens n, 
in which it would be seen by an eye placed inihe centre 
of the earth at T. And the apparent place, is that point 
of the heavens c, where a star appears to an eye on the 
surface of the earth at c. T his difference of places, is 
what is called absolutely the parallax, or the parallax of 
altitude; which Copernicus calls the commutation ; and 
which therefore is an angle formed by two visual rays, 
drawn, the one from the centre, the other from the cir¬ 
cumference of the earth, and traversing the body of the 
star; being measured by an arch of a great circle inter¬ 
cepted between the two points of true and apparent places, 
h and c. 

The Parallax of Altifudccw is properly the difference 
between the true distance from the zenith aB, and the 
apparent distance ac. Hence the parallax diminishes 
the altitude of a star, or increases its distance from the 
zenith ; and it has therefore a contrary effect to the refrac¬ 
tion.—The parallax is greatest in the horizon, called the 
horizontal parallax eft. From hence it decreases all the 
way to the Zenith n or a, where it is nothing; the real and 
apparent places there coinciding. 

The horizontal parallax is the same, whether the star 
be in the true or apparent horizon.—The fixed stars have 
no sensible parallax, on account of their immense distance, 
to which the semidiameter of the earth is but a mere N 
point: and therefore lines drawn from any two parts of 
the earth, to the stars, may be considered as parallel. 
Hence also, the nearer a star is to the earth, the greater 
is its parallax ; and on the contrary, the farther it is off, 
the less is ihe parallax, at an equal elevation above the 
horizon. So the star nt s has u less parallax than the 
star at i. Saturn is so high, that it is difficult to observe 
in him any parallax at all. 

Paralfax increases the right and oblique ascension, and 
diminishes the dc-sccnsion; it diminishes the northern de¬ 
clination and latitude in the eastern part, and increases 
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them in tho western ; but it increases the southern decli¬ 
nation in the eastern and western part; it diminishes the 
longitude in the western part, and increases it in the 
eastern. Parallax therefore has just opposite effects to 


retraction. 

The doctrine of parallaxes is of the greatest import¬ 
ance in astronomy, for determining the distances ot the 
planets, comets, and other phenomena of the heavens ; for 
the calculation of eclipses, and for lindingthc longitude. 

Pa it \ llax of Right 
Ascension and Descen- 
sion, is an arch of the 
equinoctial n d, l»y 
which the parallax of 
altitude increases the 
ascension,and diminish¬ 
es the descension. 

Pa halt.ax of De¬ 
clination, is an arch of 
a circle of dcclinutiou 
51, by which the paral¬ 
lax of altitude increases 
or diminishes the declination of a star. 

Parallax of Latitude, is an arch of a circle of lati¬ 
tude si, by which flic parallax of altitude increases or 

diminishes the latitude. _ 

Menstrual Parallax of the Sun, is an angle formed by 
two right lines; one drawn Irom the earth to the sun, 
and another from the sun to the moon, at either ot their 
quadratures. 

Parallax of the Annual Orbit of the Earth, is the dif¬ 
ference between the heliocentric and geocentric place of 
a planet, or the angle at any planet, subtended by the 
distance between the earth and sun. '1 here are various 
methods for finding the parallaxes of the celestial bodies; 
some of the principal and easier of which are as follow 

To observe t he Parallax of a Celestial Body .—Observe 
when the body is in the same vertical with a fixed star 
which is near it, and in that position measure its apparent 
distance from the star. Observe again when the body and 
star are at equal altitudes from the horizon ; and there 
measure their distance agnin. Then the difference of these 
distances will he the parallax very nearly. 

To observe the Moon's Parallax. —Observe very ac¬ 
curately the moon’s meridian altitude, and note the mo¬ 
ment of time. To this time, equated, compute her true 
latitude and longitude, and from these.find her declina¬ 
tion; also from her declination, and the elevation-of the 



equator, find her true meridian altitude. Subtract the 
refraction from the observed altitude: then the difference 
between the remainder and the true gltitudc, will be the 
parallax sought. If the observed ultitude he not meridi¬ 
onal, reduce it to the true ultitude for the time of obser¬ 
vation. By this means, in 1583, Oct. 1*2 day 5 h. 19 m. 
from the moon’s meridian altitude observed at 13° 38', 
Tycho found her parallax to be 5 4 minutes. 

To observe the Moon’s Parallax in an Eclipse.-— In an 
eclipse of the moon observe 1 when both horns arc in the 
same vertical circle, and at that moment take the alti¬ 
tudes of both horns; then half their sum will be nearly 
the apparent altitude of the moon’s centre; from which 
subtract the refraction, which gives the apparent altitude 
-Jrced from refraction. But the true altitude is nearly 
-''equal to the altitude of the centre of the shadow at that 
time: now the altitude of the centre of the shadow is 


known, because we know the sun's place in the ecliptic, 
and his depression below the horizon, which is equal to 
the altitude of the opposite point of the ecliptic, in which 
the centre of the shadow is. Having thus the true and ap¬ 
parent altitudes, their difference is the parallax sought. 
Laliire makes the greatest horizontal parallax l c l' 25", 
and the least 54' 5". M. lc Monnier determined the mean 
parallax of the moon to be 57' 12". Others have made it 
57' 18'. 

From the Moon's Parallax est, and altitude sf (last 
fig. but one) ; to find her distance from the Earth. — From 
her apparent altitude given, there is given her apparent 
zenith distance, i.c. the angle a es ; or by her true altitude, 
the complement angle ats. Therefore, since at the same 
time, the parallactic angles is known, the 3d or supple¬ 
mental angle tks is also known. Then, considering the 
earth’s semidiameter tk as 1,ill the triangleTr.s are given, 
all the angles and the side te, to find f.s the moon’s dis¬ 
tance from the surface of the earth, or ts her distance 
from the centre. 

Thus Tycho, by the observation above mentioned, found 
the moon's distance at that time from the earth, was 62 
of the earth’s semidiameters. According to Lahire’s de¬ 
termination, her distance when in the perigee is near 56 
semidiameters, but in her apogee near 63$ ; and therefore 
the mean ittarly 5‘>|, or in round numbers GO semidia¬ 
meters. 

Hence also, since, from the moon’s theory, there is 
given the ratio of her distances from the earth in the 
several degrees of her anomaly; those distances being 
found, by the rule of three, in semidinmeters of the earth, 
the parallax is thence determined to the several degrees of 
the true anomaly. 

To observe the Parallax of Mars.— 1. Suppose Mars 
to bo in the meridian and cuuator nt n : and that the ob¬ 
server, under the equator in a, observes him culminating 
with some fixed star. 2. If now the observer were in the 
centre of the earth, he would see Mars constantly in the 
same point of the heavens with the star; and therefore, 
together with it, in the plane of the horizon, or of the 6th 
horary: but since Mars here has some sensible parallax, 
and the fixed star hns none, Mars will be seen in the ho¬ 
rizon, when in r, the plane of the sensible horizon; and 
the star, when in R, the plane of the true horizon : there¬ 
fore observe the time between the transit of Mars and of 
the star through the plane of the 6th hour.—3. Convert 
this time into minutes of the equator, at the rate ot 15 
degrees to the hour; by which means there will he ob¬ 
tained the arch pm, to which the angle pam, and con¬ 
sequently the angle amd, is nearly equal; which is the 
horizontal parallax of Mars. 

If the observer be not 
under the equator, but in 
a parallel iq, that differ¬ 
ence will bo a less nrch 
qm; therefore, since the 1 
small arches qm and rM 
are nearly as their sines 
ADand id ; and since ado 
is equal to the distance of the place from the equator, 
i. e. to the elevation of the pole, or the latitude; there¬ 
fore ad is to id, as radius to the cosine of the latitude; 
hence we have this proportion, as the cosine of the lati¬ 
tude id is to radius, so is the parallax observed in i, to 
the parallax under the equator. 
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Since Mars and the fixed star cannot be commodiously 
observed in the horizon ; let them be observed in the circle 
of the 3d hour: and since the parallax observed there 
to, is to the horizontal one pm, as is to id ; say, as the 
sine of the angle ids, or 45° (since the plane do is in the 
middle between the meridian dii and the true horizon 
dm), is to radius, so is the parallax to to the horizontal 
parallax pm. 

If Mars be likewise out of the plane of the equator, 
the parallax found will be an arch of a parallel; which 
must therefore be reduced, as above, to an arch of the 
equator.—Lastly, if Mars be not stationary, but either 
direct or retrograde, by observations for several days find 
out what his motion is every hour, that hi$ true place 
from the centre may be assigned for any given time. 

By this method Cassini, who was the author of it, ob¬ 
served the greatest horizontal parallax of Mars to be 25”; 
but Mr. Flamsteed found it near 30 ,; . Cassini observed 
also the parallax of Venus by the same method. 

To find the Sun's Parallax.— The great distance of 
the sun renders his parallax too small to fall under even 
the nicest immediate observation. Many attempts have 
indeed been made, both by the ancients and moderns, and 
many methods invented for that purpose. The first was 
that of Hipparchus, which was followed by Ptolemy, 6cc, 
and was founded on the observation of lunar eclipses. 
The second was that of Aristarchus, in which the anglo 
subtended by the semidiameter of the moon's orbit, seen 
from the sun, was sought from the lunar phases. But 
these both, proving deficient, astronomers now have re¬ 
course to the parallaxes of the nearer planets, Mars and 
Venus. Now from the theory of the motions of the earth 
and planets, there is known at any time the proportion of 
the distances of the sun and planets from us; and the 
horizontal parallaxes being reciprocally proportional to 
those distances ; by knowing the parallax of a planet, that 
of the sun may be thcnco found. 

Thus Mars, when opposite to the sun, is only half the 
distance of tba 6un from us, and therefore his parallax 
will be twice as great as that of the sun. And Venus, 
when in her inferior conjunction with the sun, is sometimes 
nearer us than he is; and therefore her parallax is greater 
in the same proportion. Thus, from the parallaxes of 
Mars and Venus, Cassini found the sun's parallax to bo 
10 whence his distance comes out 22000 semidiameters 
of the earth. 

But the most accurate method of determining the 
parallaxes of these planets, and thence the parallax of the 
•un, is that of observing their transit. However, Mercury, 
though frequently to he seen on the sun, is not fit for this 
purpose; becaqso he is so near that luminary, that the 
difference of their parallaxes is always less than the solar 
parallax required. But the parallax of Venus, being al# 
most 4 times as great as the solar parallax, will cause very 
sensible differences between the times in which she will 
seem to be passing over the sun at different parts of the 
earth. This method of determining the sun's parallax ap¬ 
pears to have been first proposed by Mrjames Gregory,viz, 
in his Optica Promota, Schol. pa. 130, published in 1663. 

With the view of engaging tho attention of astronomers 
to this method of determining the sun's parallax, Dr. 
Halley communicated ta the Royal Society, in 16^1, a 
paper, containing an account of the several years in which 
such a transit may happen, computed from the tables which 
were then in use; those at the ascending node occur in the 
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month of November o. s. in the years 918* ll6l, 139b, 
1631, 1639, 1874, 2109, 2117; and at tho descending 
node in May o. s. in the years 1048, 1283, 1291, 1518, 
1526, 1761, 1769, 1990, 2004. Philos. Trans. Abr. 
vol. 3, pa. 448, dec. 

Dr. Halley even then concluded, that if the interval of 
time between the two interior contacts of Venus with tho 
sun, could be measured to the exactness of a second, in 
two places properly situated, the sun's parallax might be 
determined within its 500th part. And this conclusion 
was more fully explained in a subsequent paper, concern¬ 
ing the transit of Venus in the year 1 76 1, iu the Philos. 
Trans. No. 34S, or Abr. vol. 11, pa. 553. 

It does not appear that any of the preceding transits 
had been observed; except that of 
163.9, by our ingenious countryman 
Mr.Horrox, and bis friend Mr.Crab¬ 
tree, of Manchester. But Mr. I lorrox 
died on the 3d of January, 16*41, at 
the age of 25, just after he had 
finished his treatise, Venus in Sole 
visa, in which he discovers a more 
accurate knowledge of the dimensions 
of the solar system, than bis learned 
commentator Hevclius. 

To give a general idea of this me¬ 
thod of determining the horizontal 
parallax of Venus, and thence, by 
analogy, the parallax and distance of 
the sun, and of all the planets from 
him ; let dda be the earth, v Venus, 
and tsr the eastern limb of the sun. 

Now, to an observer at D, the point 
t of that limb will be on the meri¬ 
dian, und its place as referred to tho 
heavens will be at £, and Venus will 
appear just within it at s. But to an 
observer at a, at the same instant, 

Venus is east of the sun, in the right 
line avf; tbg point t of the sun's 
limb appears at e in the heavens, and 
if Venus were then visible she would 
appear at f. The angle cva is the 
horizontal parallax of Venus; which 
is equal to the opposite* angle fve, 
measured by the arc fe. asc is the 
sun's horizontal parallax, equal to 
the opposite angle cbe, measured by 
the arc ez ; and fac or v a e is Venus's 
horizontal porallax from the sun, 
which may bo found by observing 
how much laier in absolute timo her 
total ingress on the 6un, is, as seen 
from a, than as seen from b, which it 
the time she takes to move from v to 
v 9 in her orbit ovr. 

If Venus were nearer the earth, as 
at u, her horizontal parallax from 
the sun would be tho arc fe % which 
measures the anglo fa e; and this 
angle is greater thap the angle fac, by 
the difference of their measures f/. 

So that, as the distance of the celestial 
object from the earth is less, its pa¬ 
rallax is the greater. 
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Now it has been already observed, that the horizontal 
parallaxes of the planets arq inversely as their distances 
from the earth’s centre; and consequently, as the sun's 
distance at the time of the transit, is to Venus's distance, 
so is the parallax of Venus to that of the sun : and as the 
sun’s mean distance from the earth’s centre, is to his di¬ 
stance on the day of the transit, so is his horizontal paral¬ 
lax on that day, to his horizontal parallax at the time of 
his mean distance from the earth’s centre. Hence his 
true distance in semidiameters ot the earth may be ob¬ 
tained by the following analogy, viz, as the sine of the sun's 
parallax is to radius, so is unity or the earth’s scinuliamc- 
ter, to the number of semidiameters ol the earth in the 
sun's distance from the centre; which number multi pi ii cl 
by the number of miles in the earth's semidiameter, will 
give the number of miles in the sun's distance. Then from 
the proportional distances of the planets, determined by 
the theory of gravity, their true distances may be found. 
And from their apparent diameters at these known di¬ 
stances, their real diameters and bulks may be found. 

Mr. Short, with grea* labour, deduced the quantity of 
the sun's parallax from the best observations that were 
made of the transit of Venus, on the 6th of June, 1761 
(for which see Philos. Trans, vol. 51 and 52) both in Bri¬ 
tain and in foreign parts, and found it to have been fc"*52 
on the day of the transit, when the sun was very nearly at 
his greatest distance from the earth ; and consequently 8"*65 
when the sun is at his mean distance from the earth. See 
Philos. Trans, vol. 52, pa. 6i 1, &c. Whence, 

As sin. 8" 65 - - log. 5-6219140 

to radius - - , 10*0000000 

So is 1 scroidiaincter - - • 0*0000000 

to 23822*84- semidiameters - *- 4 # 3?80860 

that is, 23882 is the number of the earth's semidia¬ 
meters contained in its distance from the sun ; and this 
number of semidiameters being multiplied by 3985, the 
number of English miles contained in the earth's semidia¬ 
meter (though later observations make this semidiameter 
only 395‘7 miles), there is obtained 95,173,127 miles 
for the earth's mean distance from the sun. And hence, 
from the analogies under the article Distance, the mean 
distances of all the rest of the planets from the sun, in 
miles, are found as follow, viz, 

Mercury's distance - - 36,841,468 

' Venus's distance - . - * 68,891,486 

Mars's distance - - 145,014,148 

Vesta's distance - - 224,145,086 

Juno's distance * - -.- 253,541,210 • 

Pallas' distance - 263,153,691 

Ceres'distance - . - . 263,344,042 

Jupiter’s distance - - 494 , 990,976 

Saturn's distance - * - 907,956,130 

Uranus'distance - - 1,816,074,574 

In another paper (Philos. Trans, vol. 53, pa. 169 ), Mr. 
Short states the mean horizontal parallax of the sun at 
8" # 69. And Mr. Hornsby, from several observations of 
the transit of June 3, I 769 (for.which see the Philos. 
Trans, vol. 59), deduces the sun’s parallax for that day 
equal to 8' h 65l and the mean parallax 8"*78; whence he 
makes the mean distance of the earth fr 6 m the sun to be 
93 , 726,900 English miles, and the distances of the other 
planets will be 

Mercury's distance - - 36,281,700 

Venus's distance - . - 67,795,500 

Mars’s distance - - • 142,818,000 
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Vesta's distance - - 220,739,033 

Juno's distance - - 249,6*88,461 

Pallas' distance - - • 259,154,878 

Ceres' distance. - - 259,342,332 

Jupiter's distance - - 487,472,000 

Saturn's distance - - 894,16*2,000 

Uranus'distance - - 1,788,477,960 

Seethe Philos. Trans, vol. 6 * 1 , pa. 572. 

But others, by taking the results of those observations 
that are most to be depended on, have made the sun's 
parallax at his mean distance from the earth to be S f '*6045; 
and some make it only 8 W, 54. According to the former of 
these, the sun's mean distance from the earth is 95,109,736 
miles; and according to the latter it is 95,834,742 miles. 
On the whole there seems reason to conclude that the sun's 
horizontal parallax may be stated at 8 " 6 , and his distance 
near 95 millions of miles. Hence, the following horizon¬ 
tal parallaxes: 

Mean parallax of the son' - O' 8 f, ‘6 


Moon's greatest 

- 

- 

61 

32 

Moon's least 

a. 

- 

54 

4 

Moon's mean 

- 

- 

57 

48 

Mars's 

- 

- 

0 

25 


Of the Parallax of the Fixed Stars . As to the fixed 
stars, their distance is so gn at, that it has never been found 
that they have bny sensible parallax, either with respect 
to the earth’s diameter, or even with regard to the diame¬ 
ter of the earth's annual orbit round the sun, though this 
diameter is about 190 millions of miles. For, any of 
those stars being observed from opposite ends of this dia¬ 
meter, oral the interval of half a year between the obser¬ 
vations, when the earth is in opposite points of her orbit, 
yet still the star appears in the same place and situation 
in the heavens, without any change that is sensible, or mea¬ 
surable with the very best instruments, not amounting to 
a single second of a degree. That is, the diameter of the 
earth’s annual orbit, at the nearest of the fixed stars, does 
not subtend an angle of a single second ; or, in comparison 
of the distance of the fixed stars, the extent of 190 millions 
oL millions is but as a point! 

The parallax of the fixed stars is a subject which has 
engaged the attention of many able astronomers, but hi¬ 
therto their labours have been unsuccessful. Ijlr. Hcr- 
schcl, to whom astronomy is so much indebted for his in¬ 
genious labours and accurate observations, has proposed, 
in the PhilosophicalTransactions, n method lor determin¬ 
ing the annual parallax by means of double stars, by 
which it would become sensible, and might be ascertained 
at least to a greater degree of accuracy than could be 
effected by any other method, though it should'not ex¬ 
ceed the 10th part of a second. See St A u. This pro¬ 
blem is highly interesting, ns it sceins to offer the only 
rational data for determining the distances of the fixed 
stars; and if this could be ascertained with any tolerable’# 
degree of probability, it could not fail of being very grati¬ 
fying to astronomers, and all those who contemplate with 
admiration the magnificent works of the Deity. 

Parallax is also used, in Levelling, for the angle 
contained between the line of true level, and that of ap¬ 
parent level. And, in other branches of science, for the 
difference between the true and apparent places. 

PARALLEL, in* Geometry, is applied to lines, figures, 
atid bodies, which are everywhere equidistant from each' 
other;'or which, though infinitely produced, would never 
cither approach nearer, or recede farther from, each other; 
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their distance being cvcry-where measured by a perpendi- 
cular line between them. Hence, 

Parallel right lines are those which, though infi¬ 
nitely produced, would never meet : which is Luclnl s de¬ 
finition of them.—Newton, in lemina 22, book 1, of his 
Principia, defines parallels to be such lines as tend to a 
point infinitely distant.—Parallel lines stand opposed to 

lines converging, and diverging. 

Some define an-inclining or converging line, to be that 
which will meet another at a finite distance, and a parallel 
line, that which will only meet at an infinite distance. 

As a perpendicular is by some said to be the shortest of 
all lines that can bo drawn to another; so a parallel is said 
to be the longest. 

It is demonstrated by geometricians, that two lines, A o 
and co, that are each parallel to one and the same right 
line ef, are also parallel to each other. And that it two 
parallel lines a n and ef be cut by any other line on ; then 
1st, the alternate angles are e<|ual ; viz tbc angle a = Z-l>, 
and Z.e — Z.d. *><), The external angle is equal to the 
internal one on the same side of the cutting line; viz, the 
/_ e = Z. d, and the Z.f= Z. 0. 3d, That the txvo internal 
angles on the same side are, taken together, equal to two 
right angles ; viz, Z. a ■+■ Z. d = 180°, or 4c+ Z. 0 
= 180 ". 



To draw a Parallel Line .—If the line to be parallel 
to a b must pass through a given point p: Take the nearest 
distance between the point I* and the given line ab, by 
setting one foot of the compasses in p, and with the other 
describe an arc just to touch the line in a ; then with that 
distance as n radius, and a centre b taken uny where in 
the line, describe another arc c; lastly, through P draw 
a line pc to touch the arc c, and that will be the parallel 



describe an arc bc, cutting the given line in B. Next, 
with the same radius, and centre B, describes another arc 
fa, cutting also the given line in a. Lastly, tako ap 
between the compasses, and apply it from b to c ; and 
through p and c draw the parallel pc Required. Or, 
. draw the lino with the parallel ruler, described below, by 
lnying one edge of the ruler'ulong ab, and extending the 
other to the given point or distance. When the one line 
i« to be at a given distance from, the other; tako that dis¬ 
tance between the compasses as a radius, and with two 
centres, taken any where in the given line, describe two 
arcs; then lay a ruler just to touch the arcs, and by it 
draw the parallel. 

Parallel Planet, are every-where equidistant, or have 
all the perpendiculars that arc drawn between them, every¬ 
where equal. ’ - 

Parallel Rays, in Optics, are those which keep 


always at an equal distance in respect to each other, Iron* 
the visual object lo tbc eye, from which the object is sup¬ 
posed to bc infinitely distant. 

Parallel Ruler, is a mathematical instrument, con¬ 
sisting of two equal rulers, aii andcD, either of wood or 
metal, connected together by two slender cross bars or 
blades AC and bd, moveable about the points or joints 
a, is, c, d. —There are other forms of this instrument, 
a little varied from the abase; some having the two 
blades crossing in the middle, and fixed only at one end 
of them, the other two ends sliding in grooves along the 
two lulers; Ac. 

The use of this instrument is obvious. For the edge of 
one of the rulers being applied to any line, the other 
opened to any extent will be always parallel to the former ; 
arul consequently any parallels to this may bc drawn by 
the edge of the ruler, opened to any extent. 

Parallel Sailing, in Navigation, is the sailing on or 
under a parallel of latitude, or parallel to the equator.— 
Of this there are three cases. 

1. Given the Distance anti Difference of Longitude; to 
find the Latitude.—Rule. As the dift'. of longitude is to 
the distance, so is radius to the cosine of the latitude. 
‘2. Given the Lat. and Dift. of Longitude; to find the Dis¬ 
tance.— Rule. As radius is to the cosine of the lat. so is 
the dift'. of longitude to the distance. 3. Given the Lati¬ 
tude and Distance ; to find the difference ot longitude.—- 
Rule. As the cosine of lat. is to radius, so is the distance 
to tlie cliff, of longitude. 

Parallel Sphere, is that situation of the sphere where 
the equator coincides with the horizon, and the poles with 
the zenith and nadir.—In this sphere, all the parallels of 
the equator become parallels of the horizon ; consequently 
no stars ever rise or set, but all turn round in circles pa¬ 
rallel to the horizon, as well as the sun himself, which 
when in the equinoctial wheels round the horizon the whole 
day. Also, After the sun rises to the elevated pole, he 
never sets lor 6 months ; and after his entering again on 
the other-side of the line, he never rises for 6 months 
.longer. 

This position of the sphere can only happen to those 
who live at the poles of the earth, if any such there be. 
The greatest height the sun can rise to them, is 23$ de¬ 
grees. They have but one day and one night, each being 
half a year long. Sec Sphere. 

Parallels, or Places of Arms, in a Siege, are deep 
trenches 15 or 18 feet wide, joining the severul uttacks 
together ; and serving to place the guard of the trenches 
in, to bc at hand to support the workmen when attacked. 
—There arc usually three in an attack ; the first is about 
600 yards from the covert-way, the second .between 3 and 
400, and the third near or on the glacis.—It is said they 
worn first invented-or used by Vaubun. 

Parallels of Altitude, or Almacantars, ore circles 
parallel to the horizon, conceived to pass through every 
degree and minute of tho meridian between the horizon 
and zenith ; having their poles in the zenith. 

Parallels, or Parallel Circles, called also Parallels 
of Latitude, and Circles of Lat. are lesser circles of the 
sphere, parallel to the equinoctial or equator. 

Parallels qf Declination, aro lesser circles parallel jo 
the equinoctial. 

Parallels of Latitude, in Geography, are lesser cir¬ 
cles parallel to tho equator. But in Astronomy they a‘r« 
parallel to the ecliptic. - . . 
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PARALLELISM, the quality of a parallel, or that 
which denominates it such. Or it is that by which two 
things, as lines, rays, or the like, become equidistant from 
each other. 

Parallelism of the Earth's Axis, is that invariable 
situation of the axis, in the progress of the earth through 
the annual orbit, by which it always keeps parallel to 
itself; so that if a line be drawn parallel to its axis, while 
in any one position ; the axis, in all other positions or parts 
of the orbit, will always be parallel to the same line. 

In consequence of this parallelism, the axis of the earth 
points always, as to sense, to the same place or point in 
the heavens, viz, to the poles. Because, though really the 
axis, in the annual motion, describes the surtace ol a cy¬ 
linder, whose base is the circle of the earth’s annual orbit, 
yet this whole circle is but as a point in comparison with 
the distance of the fixed stars ; and therefore all the sides 
of the cylinder seem to tend to the same point, which is 
the celestial pole.—To this parallelism is owing the change 
and variety of seasons, with^thc inequality of days and 
nights. 

This parallelism is the necessary consequence of the 
earth’s double motion ; the one round the sun, the other 
round its own axis. Nor is there any necessity to imagine 
a third motion, as some have done, to account for this 
parallelism. 

Parallelism of Rows of Trees. The eye placed at the 
end of an alley bounded by two rows of trees, planted in 
parallel lines, never sees them parallel, but always inclining 
to each other, towards the farther end. 

Hence mathematicians have taken occasion to inquire, 
in what lines the trees must be disposed, to correct this 
effect of the perspective, and make the rows still appear 
parallel. And, to produce this effect,.it is evident that 
the unequal intervals of any two opposite or corresponding 
trees may be seen under equal visual angles. For this pur¬ 
pose, M. Fabry, Tucquct, and Varignon observe, that the 
rows must be opposite semi-hyperbolas, bee the Mem. 
Acad. Sciences, an. 1717. But notwithstanding the inge¬ 
nuity of their speculations, it has been proved by Dalcm- 
bert, and Bougucr, that to produce the effect proposed, the 
trees arc to be ranged merely in two diverging right lines. 

PARALLELOGRAM, in Geometry, is a quadrilateral 
right-lined figure, whose opposite sides arc parallel to each 
other.—A parallelogram may be conceived as generated 
by the motion of a right line, along a plane, always pa¬ 
rallel to itself.—Parallelograms have several particular de¬ 
nominations, and arc.of several species, according to cer¬ 
tain particular circumstances, ns follow; 

When the angles of the parallelogram arc right ones, it 
is cnlled a rectangle.—When the angles arc right, and all 
its sides equal, it is a square.—When the sides arc equal, 
but the angles oblique ones, the figure is a rhombus or 
lozenge. And when both the sides and angles arc unequal, 
it is a rhomboides, Every other quadrilateral whose op¬ 
posite sides are neither parallel nor equal, is cbllcd a tra¬ 
pezium. 

Properties of the Parallelogram.— 1. In every pa¬ 
rallelogram abdc, the diagonal 

divides the figure into two equal -— 

triangles, abd, acd. AIsq the /K j / 

opposite angles and sides arc /• . If x 

equal, viz, the side ab = cd, and If If 

ac = bd, also the angle a = Z. Iff! s - 

z>, and the Z. b == Z. c. And 


the sum of any two succeeding angles, or next the same 
side, is equal to two right angles, or 180 degrees, as Z. a 

+ Z.C=£C + AD=4D+Z.B = ^B + A A 

= two right-angles. 

2. All parallelograms, as abdc and ab DC, arc equal, 
that are on the same base CD, and between the same pa¬ 
rallels* Ab, CD ; or that have cither the same or equal bases 
and altitudes ; and each is double a triangle of the same 
or equal base and altitude. 

3. The areas of parallelograms arc to one another in the 
compound rutio of their bases and altitudes. It their bases 
be equal, the areas are as their altitudes ; and if the alti¬ 
tudes be equal, the areas are as the bases. And when the 
angles of the one parallelogram arc equal to those ot 
another, the areas arc as the rectangles ot the sides about 
the equal angles. 

4. In every parallelogram, the sum of the squares of 
the two diagonals, is equal to the sum of the squares of ull 
the four sides of the figure, viz, 

AD 5 BC* = AB 2 BD* DC* Ca\ Also the two 
diagonals bisect each other;'so that ae = ed, and 
be = EC. 

5. To find the Area of a Parallelogram.— Multiply 
any one side, as a buse, by the height, or perpendicular 
let fall upon it from the opposite side. Or, multiply any 
two adjacent sides together, and the product by the sino. 
of tlicir contained angle, the radius being I : viz, 

The area is e= cn x ap = AC x CD x sin. Z. c. 

Complement of a Parallelogram. Sec Complement. 

Centre qf Gravity of a Parallelogram. Sec Centre 
of Gravity, and Ckntrobaric Method. 

Parallelogram, or Parallelism, or Penta- 
graph, also denotes a machine used for the ready and 
exact reduction or copying of designs, schemes, plans, 
prints, &c. in any proporrion. See Pentaorapii. 

Parallelogram of Forces. See Forces, Parallelo¬ 
gram qf. 

Parallelogram of the Hyperbola, is the parallelo¬ 
gram formed by the two asymptotes of an hyperbola, and 
the parallels to them, ‘drawn from any point of the curve. 
This term was first used by lluygcns, at the end of his 
Disscrtntio dc Causa Gravitatis. This pitrallclogrnm, so 
formed, is of an invariable magnitude in the same hyper¬ 
bola ; and the rectangle of its sides is equal to the power 
of the hyperbola. 

This parallelogram is also the modulus of the logarith¬ 
mic system ; and if it be taken as unity or 1, the hyper¬ 
bolic sectors and segments will correspond to Napiers or 
the natural logarithms; for which reason these have been 
called the hyperbolic logarithms. If the pnrnllel&grntn be¬ 
taken ='434-29448190 &c, these sectors and segments 
will represent Briggs's logarithms; in which case the two , 
asymptotes of the hyperbola *mnke between them on angle 

of 25° 44' 25" i, 4 

Newtonian or Analytic Paralleloouasi, a term used 
for an invention of Sir Isaac Newton, to find the first term 
of an infinite convening series. iLis sometimes called the 
Method of the Parallelogram and Ruler; because a ruler 
or right lino is also used in it. This analytical parallelo¬ 
gram is formed by dividing any geometrical parallelogram 
into equal small squares or parallelograms, by lines drawn 
horizontally and perpendicularly through the equal divi¬ 
sions of the sides of the parallelogram. Tho small cells, 
thus formed, aro filled with the dimensions or potvers of 
the species x and y, and their products. 


PAR 


I 


[ 157 J 


P A R 


For instance, the powers of y, 
as y° or l,y,y\y\y', &c, bciug 
placed in the lowest horizontal 
range of cells; and the powers of 
x, a” x° = 1 , r, x% x 3 , &c, in the 
vertical column to the left; or 
vice versa; these powers and their 
products will stand as in this 
figure: 

Now when any literal equa¬ 
tion is proposed, involving va- 
"rious powers of the two unknown quantities x and y, 
to find the value of one of these in an infinite series of the 
powers of the other; mark such of the cells as correspond 
to all its terms, or that contain the same powers and pro¬ 
ducts of x andy; then let a ruler be applied to two, or 
perhaps more, of the parallelograms so marked, of winch 
let one be the lowest in the left-hand column at ab, the 
other touching the ruler towards the right hand ; and let 
all the rest, not touching the ruler, lie above it. 1 lien se¬ 
lect those terms of the equation which are represented by 
the cells that touch the ruler, and from them find the first 
term or quantity to be put in the quotient. 

Of the application of this rule, Newton has given seve¬ 
ral examples in his Method of Flpxions and Infinite Senes, 
pa. 9 and 10 , but without demonstration; which has been 
supplied by others. See Colson's Comment on that trea¬ 
tise, pa. 192 et seq. Also Newton’s Letter to Olden¬ 
burg. Oct. 24, 16 / 6 '. Maclaurin’s Algebra, pa.251. Ami 
especially Cramer’s Analyses dcs Lignes Courbes, pa. 148. 
—This author observes, that this invention, which is the 
true foundation of the method of series, was but imper¬ 
fectly understood, and not valued as it deserved, for a long 
time. He thinks it however more convenient in practice 
to use the Analytical Triangle of the abbe dc Gua, which 
takes in no more than the diagonal cells lying between a 
and c, and those which lie between them and n. 

I’ a it a llelog n am Protractor , a mathematical instru¬ 
ment, consisting of u semicircle of brass, with tour rulers 
in form of a parallelogram, made to move to any angle. 
One of these rulers is an index, which shows on the ^mi- 
circle the quantity of any inward and outward angle. 

PARALLELOP1PED, or Pauallelopipedov, is a 
solid figure contained under six parallelograms, the oppo¬ 
sites of which are equal and parallel. Or, it is a prism 
whose'base is a parallelogram. 

Properties of the Parallki.opipedon. —All parallclo- 
pipedons, whether right or oblique, that have their bases 
and altitudes equal, are equal; and each equal to triple a 
pyramid of an equal base and altitude.—A diagonal plane 
divides the parallclopipedon into two equal triangular 
prisms.—Sec other properties under the general term 
Prism, of which this is only a particular species. 

To measure the Surface and Solidity of a Para"lle- 
lopipedov. —Find the 
areas of the three paral¬ 
lelograms ad, bb, and 
do, which add into one 
sum; and double that 
sum will be the whole 
surface of the parallclo¬ 
pipedon. Or, . 

For the solidity; multiply the base by llie altitude; 

that**, any one face or side by its distance from the oppo- 
siteade; as ad x de, or ab x be, or bo x bd. 




PARAMETER, a certain constant right line in each of 
the three conic sections; otherwise called alsolatus rectum. 
—This line is called parameter, or equal measurer, be¬ 
cause it measures the conjugate axis by the same ratio 
which is between the two axes themselves ; being indeed 
a third proportional to them ; '»z, a third proportional to 
the transverse and conjugate axes, in the ellipse and hyper¬ 
bola; and, which is the same thing, a third proportional 
to any absciss and its ordinate in the parabola. So it t 
and c be the two axe? in the ellipse and hyperbola, and x 
andy an absciss and its ordinate in the parabola; 

then t: c : : c : p — — — the param. in the former, 

and x : y : : y : p — -y- the param. in the last. 

The parameter is equal to the double ordinate drawn 
through the locus of any of the three conic sections. 

PARAPET, or Breastwork, in Fortification, is a defence 
or screen, on the extreme edge of a rampart, or other 
work, serving to cover the soldiers and the cannon from 
the enemy’s fire.—The thickness of the parapet is IS or 
20 feet, commonly lined with masonry ; and 7 or S feet 
high, when the enemy has no command above the battery ; 
otherwises it should’ be raised higher, to cover the men 
while they load the guns. There arc certain openings, 
called Embrasures, cut in the parapet, from the top down¬ 
wards, to within about 2\ or 3 feet of the bottom of it, 
fur the cannon to fire through ; the solid pieces of it be¬ 
tween one embrasure and another, being called Merlons. 

Pauatet is also a little bicast-wall, raised on the brinks 
of bridges, quays, or high buildings; to serve as a stay, 
and prevent people from tailing o\cr. 

PAltDIES (Ignatius Gaston), an ingenious French 
mathematician and philosopher, was born at Pau, in the 
province of Gascony, in 1636, his father being a coun¬ 
sellor of the parliament of that city.—At the age ot 1 i 
he entered into the order of Jesuits, and made so great a 
proficiency in his studies, that he taught polite literature, 
and composed many pieces in prose and verse with a dis¬ 
tinguished delicacy of thought and style, before lie was 
well arrived at the age of manhood. Propriety and ele¬ 
gance of language appear to have been his first pursuits, 
for which purpose he studied the Belles Lettrcs, and other 
learned productions. Rut afterwards he devoted himself 
to mathematical and philosophical studies, and read, with 
due attention, the most valuable authors, ancient and mo¬ 
dern, in those sciencJ's : so that, in a short time he made 
himself master of the Peripatetic and Cartesian philosophy, 
and taught them both with great reputation. Notwith¬ 
standing he embraced Cartcsianism, yet ho affected to be 
rather an inventor in philosophy himself. In this spirit e 
sometimes advanced very bold opinions, which met wath 
opposers, who charged him with starting absurdities: but 
he was ingenious enough to give his notions a plausible 
turn, so as to clear them seemingly from contradictions. 
Ilis reputation procured him a call to Paris, 89 professor 
of rhetoric in the college of Lewis the Great, lie also 
taught the mathematics in that city, as he had before done 
in other places. He had from his youth a huppy genius 
for that science, and made a great progress in it; and the 
glory which his writings acquired him, raised the highest 
expectations from his future labours ; but these were all 
blasted by his early death, in 1673, at 37 : years of age; 
falling a victim to his zeal, lie having caught a contagious 
disorder by preaching to the prisoners in the Bicetre. 
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Purdies wrote with 
principal works are as follow ; 

1 . Horologium Tliaurmittcum duplex ; 166 * 2 , in 4 to.— 

2. Dissert;.tio de Molu ct Natura Cunuturum ; 1 665, Svo. 
—3. Di&cours dti Mouvement Local ; 1670 , ] 2 mo.— 4 . 
Piemens de Geometric; 1670 , 12 mo.—This has been 
translated into several languages; in English by l)r. Har¬ 
ris, in 171 1.—5. Discours de la Connoissancc ties Petes; 
1672 , 12 mo.— 6. Lett re cl’un Piiilosophe a un Cartesicn 
doses amis ; 1072, I 2ino.—7. L:t Slaliquc ou la Science 
des Forces Mouvantcs; l6/3, 12 mo.— 8 . Description et 
Explication de deux Machines propresa fairedes Cadrans 
rtvec uncgrande facilite ; 1673, 12 mo.—t). llcmarqucs du 
Mouvement de la Luiniere.— 10 . Glohi Ciclestis in tabula 
plana redact! descriptio ; 1673, folio. 

Part of his works we re printed together, at the Hague, 
109L in 1-mo; and again at Lyons, 17*5-—Purdies had 
a dispute also with Sir Isaac New ton, about his new theory 
of light and colours, in 16*72. His Letters arc inserted in 
the Philosophical Transactions for that year. 

PAItEN'l (Anthony), a respectable French mathe¬ 
matician, was born at Paris in 1666. lie showed an early 
propensity to the mathematics, eagerly perusing suc h hooks 
in that science as fell in his way. IIis custom was to write 
remarks in the margins of the books he lead ; and in this 
way lie had filled a number of books with a kind ul com¬ 
mentary by the time he was 13yearsof age ; and not many 
years alter a treatise on gnomonics,and another on geometry. 

Mis friends then sent for him to Paris to study the law ; 
and in obedience to them he went through a course in that 
faculty : which was no sooner finished than, urged by his 
passion for mathematics, he shut himself up in the college 
of Dormans, that no avocation might take him from his 
beloved study : and, with an allowance of less than 200 
livres a-year, he lived content in this retreat, from which 
he never stirred biU to the Hoyal College, to hear the lec¬ 
tures of M. I«ahircor M.deSauveur; adding to his small 
income by teaching some pupils. AI. Parent made two 
campaigns with the marquis d'Aligre, by which he in¬ 
structed himself sufficiently in viewing fortitied places; 
of which he drew a number of plans, though he had never 
learned the art of drawing. # 

I*rom this period lie spent his time in a continual appli¬ 
cation to the study of natural philosophy, and mathema¬ 
tics in all its branches, both speculative and practical; 
to which he also added anatomy, botany, and chemistry ; 
his genius and indefatigable application overcoming every 
obstacle to these pursuits. * 

M. de Hillettes being admitted into the Academy of 
Sciences at Paris in 1699 , with the title of their mecha¬ 
nician, he named M. Parent for his clAvc or disciple, a 
branch of mathematics in which he chiefly excelled. It 
was soon discovered in this society, that lie engaged in all 
the different subjects which were brought before them; 
and indeed that he had a hand in every thing. In his pro¬ 
ductions he was charged with obscurity ; a fault for which 
he Was indeed justly blamed. 

By a regulation of the academy in 1716, the class of 
cldves was suppressed, as that distinction seemed to put too 
great an inequality between the members. M. Parent was 
made an adjunct or assistant member for the class of geo¬ 
metry : though ho enjoyod this promotion but a very short 
time; being cut off by the smali-pox the same year, at 50 
years of age. 

Af. Parent, besides leaving many pieces in manuscript, 
published the following works: 


]. Elemens do Mcraniquc ct dc Physique, 12mo, J700. 

2. Kecherchcs do Alatlicmutiqucs et de Physique ; 

3 vols 4to, 1714. 

3. Arithmetique thoorico-pratiqtie; in Svo, 1714. 

4 A great many papers in the volumes of the Memoirs 
of the Academy of Sciences, from the year 1700 to 1714, 
several papers in almost every volume, on a variety of 
branches in the mathematics. 

PAUGLTING, in Building, is used for the plastering 
of walls; sometimes for plaster itself. 

PARHELION, or I\ariu:lium, denotes a mock-sun, 
or meteor, appearing :is a very bright light by the side of 
the sun; being formed by the reflection of his beams in a 
cloud properly situated. 

Parhelia usually accompany the corona;, or luminous 
circles, and arc placed in the same circumference, and at 
the same height. Their colours resemble those of the rain¬ 
bow ; the red and yellow arc on that side towards the sun, 
mid the blue and violet on the other. Though corona? are 
sometimes seen entire, without any parhelia; and some¬ 
times parhelia without corona*. 

The apparent size of parhelia is the same as that of the 
true sun; but they arc not always round, nor so bright as 
the sun; ami when several appear,some arc brighter than 
others. 'I hey are tinged externally with colours like the 
rainbow, and many ol them have a long fiery tail opposite 
to the sun, but paler towards the extremity. Some par¬ 
helia have been observed with two tails and others with 
three. These tuils mostly appear in a white horizontal 
circle, commonly passing through all the parhelia, and 
would go through the centre of the sun if it were entire. 
Sometimes there' are arcs of lesser circles, concentric to 
this, touching those coloured circles which surround the 
sun : these arc also tinged with colours, and contain other 
parhelia. 

Parhelia arc generally situated in the intersections of 
circles; but Cassini says, those which he saw in 1683, 
were on the outside o! the coloured circle, though the 
tails were in the circle that was parallel to the horizon. 
M. Aepinus apprehends, that parhelia with elliptical 
corona? are more frequent in the northern regions, and 
those with circular ones in the southern. They have been 
visible for one, two, three, or fourhours together; and it 
is said that in North America they continue several duys, 
and arc visible from sun-rise to sun-set. When the par¬ 
helia disappear, it sometimes rains, or there falls snow in 
the form of oblong spicula*. And Mariotte accounts for 
the appearance of parhelia from an infinity of small par¬ 
ticles of ice floating in the air, which multiply the image 
of the sun, either by refracting or breaking his rays, and 
thus making him appear where lie is not; or,by reflecting 
them, and serving as mirrors. 

Many philosophers have written on parhelia; as 
Aristotle, Pliny* Schcincr, Gassendi, Descartes, IJuygens, 
Hevclius,, Lahire, Cassini, Grey, Halley, Maraldi, Mus- 
schenbroek, &c. See Smith's Optics, book J, chap. H; 
Priestley's Hist, of Light, &c f pa. 613; Musschcnbrock's 
Introduction, &c, vol. 2, pu. 1038, 4to ; and Dr. Thomas 
Young's Philosophy. 

fARODICAL Degree*, in an equation, a term that has 
been sometimes used to denote the several regular terms, 
or lower powers of the unknown quantity x, in an equa¬ 
tion, when the indices of ;ho powers ascend or descend 
orderly in an arithmetical progression. Thus x* 4 - gy * 4 - 
hx — p is a cubic equation where no term is wantivig^but 
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having all its paroilic degrees ; the indicts ot the terms re¬ 
gularly descending thus, 3, 2, 1, 0. 

PAR T, Aliquant, Aliquot, Circular, Proportional, Simi¬ 
lar, t<c. See the respective adjectives. 

PARTICLE, the minute part of a body, or an as¬ 
semblage of several of the atoms of which natural bodies 
are composed. Particle is sometimes considered us syno¬ 
nymous with atom, and corpuscle; and sometimes they 
are distinguished. Particles are, as it were, the elements of 
bodies ; by the various arrangement and texture of which, 
with the difference of the cohesion, &c, are constituted 
the several kinds of bodies, hard, soft, liquid, dry, heavy, 
light, &c. The smallest particles or corpuscles cohere 
with the strongest attractions, and always compose larger 
particles ol weaker cohesion : and many of these, cohering, 
compose still larger particles, whose vigour is still weaker; 
and so on for divers successions, till the progression end 
in the largest particles, upon which the operations in 
chemistry, and the colours of natural bodies, depend ; 
und which, by cohering, compose bodies ol sensible mag¬ 
nitude. 

PARTY Arches, in Architecture, are arches built be¬ 
tween separate tenures, where the property is intermixed, 
und apartments over each other do not belong to the same 
estate. • 

Party IValls , arc partitions of brick made between 
buildings in syparatc occupations, for preventing the spread 
of fire. These are made thicker than the external walls; 
and their thickness in London is regulated by act of par¬ 
liament of the 14th of George the Third. 

PASCAL (Blaise), a respectable French mathema- . 
tician and philosopher. He was born at Clermont, in 
Auvergne, in the year l6'23. His father, Stephen Pascal, 
was president of the Court of Aids in his province: be 
was also a very learned man, an able mathematician, and 
a friend of Descartes. Having an extraordinary tender¬ 
ness for this child, his only soil, he quitted Ills office in his 
province, and settled at Paris in 1631# that lie might be 
quite at leisure to attend his son's education,'which he 
conducted himself, and young Pascal never had iiny other 
master. 

From his infancy Blaise gave proofs of a very extraor¬ 
dinary capacity. He was extremely inquisitive; desiring 
to know the reason of every thing ; and when good reasons 
were not eiven him, he would seek for better; nor would 
he ever yield his assent but on such as appeared to him 
well grounded. What is told of his manner of learning 
the mathematics, as well as the progress he quickly made 
in that science, seems almost miraculous. From a simple 
mathematical definition, he discovered by degrees, and by 
the unaided force of his mind, that the three angles of 
every triangle ar® together equal to two right angles, as 
well os several of the other theorems of F.uclid. At 1 6 
years of age Pascal composed a tract on the Conic Sec¬ 
tions, which was considered as a prodigy of sagacity. 
Scarcely had he attained his 19th year, when he invented 
the famous arithmetical machine which bears his name, 
and by which all kinds of operations in numbers may be 
performed, by the use of the eyes and hands only. Soon 
afterwards his experiments decided the opinions of philoso¬ 
phers respecting the weight of the air. He invented the 
arithmetical triangle, and the elements of the arithmetic of 
probabilities. 

All these labours ruined the health of Pascal. Bodily 
weakness obliged him to suspend all mental exertions, and 


to commence a course of moderate exercise. One day 
in 1654, as lie was riding to the bridge of Neuilly, in a 
chariot-and-four, the two foremost horses ran away close 
to a precipice, where tlure was no parapet, down which 
they rushed into the Seine. Fortunately they broke the 
traces by their first effort, and left the chariot standing on 
the very brink of the precipice. This accident so 
much disturbed the brain of Puscul, that ever after lie 
imagined there was an abyss on his left hand. He after¬ 
wards wholly renounced the world, and retired to the 
abbey of Port-Royal, where the regular life which he led, 
procured hiip very long intervals of health, during which 
lie wrote fhe celebrated Provincial Letters, one of the 
most perfect works in the French language. For many 
years Pascal relinquished all purely human sciences. But 
having been tormented by a most severe tooth-ache, which 
almost wholly deprived him of rest, he sought by intense 
application the means of mitigating his pain; and the 
discoveries which he then made on the cycloidal curve 
arc, even at the present day, reckoned among the greatest 
efforts of the human mind. The first idea of that remark¬ 
able curve seemed to have occurred to Galileo, and se¬ 
veral other mathematicians had successively developed its 
properties. Pascal, having attentively considered that 
curve, wished to make a trial of the talents of his cotem¬ 
porary geometricians. With this view he proposed to 
them some new problems on the cycloid, promising 40 
pistoles to the hrsl pci son, and 20 to the second, who 
should solve these problems. The only person who re¬ 
turned answers to all the problems, and claimed the 
prizes, were Dr. Wallis and lather Lalouhere the Jesuir. 
Huygens squared the segment comprehended between the 
vertex of the cycloid and that of the diameter of the ge¬ 
nerating circle. Slusius measured the arc ot that curve 
in a very elegant manner; and Wren found its rectifica¬ 
tion. But all these researches did not entirely answer the 
questions in the programma circulated by Pascal, under 
the name of A. Detonvillc. He affirmed that Wallis and 
Lalouberc were mistaken in several particulars, and there¬ 
fore lie withheld the promised rewards. He himself how¬ 
ever gave perfect solutions of all the problems which he 
had proposed, ami of several others, which were necessary 
to complete the theory of the cycloid. After languishing 
lor several years in a very imbecile slate of body ami 
mind, M. Pascal died at Paris the 19 th of August 166*3, at 
39 years of age. 

Towards ttie close of his life, he employed himself 
wholly in devout and moral reflections, writing down 
those which he deemed worthy of being preserved. The 
first bit of paper he could find was employed for this 
purpose; and lie commonly set down only a few words of 
each sentence, as he wrote them merely for his own use. 
The scraps of paper on which he had written these 
thoughts, were found after his death filed upon different 
'pieces of string, Without any order or connection; and 
being copied exactly as they were written, they were af¬ 
terwards arranged and published, under the title of Poli¬ 
shes, &c, or Thoughts upon Religion and other Subjects; 
being parts of a work he had intended against atheists and 
infidels, which has been much admited. After his death 
appeared also two other little tracts; the one entitled,The 
Equilibrium of Fluids; and the other, The Weight of the 
Muss of Air. The works of Pascal were collected in 5 
volumes, 8vo, and published at the Hague, and at Paris* 
in 1779» . This edition of Pascal’s works may be contU 



PEL 


P E D [ 160 ] 


tiered ns the first published; at least the greater part of 
them were not before collected into one body, and spine 
of them had remained only in manuscript. For this col¬ 
lection, the public were indebted to the abbe Bos:>u, and 
Pascal was deserving of such an editor. 

PATE, in Fortification, a kind of platform, like what is 
called a horse-shoe ; not always regular, but commonly 
oval, encompassed only with a parapet,and having nothing 
to flank it. It is usually erected in marshy grounds, to 
cover a gate of a town, or the like. 

PATH of the Verier, a term frequently used by Mr. 
Flamsteed, in his Doctrine of the Sphere, denoting a cir¬ 
cle, described by any point of the earth’s surface, as the 
earth turns round its axis. This point is considered as 
vertical to the earths centre; and is the same with what 
is called the vertex or zenith in the Ptolemaic projection. 
The semidiameter of this path of the vertex, is always 
equal to the complement of the latitude of the point or 
place that describes it; that is, to the place's distance 
from the pole of the world. 

PAVILION, in Architecture, is a kind of turret, or 
building usually insulated, and contained under a single 
roof; sometimes square and sometimes in form of a 
dome: thus called from the resemblance of its roof to a 
tent. 

PAVO, Peacock , a new constellation, in the southern 
hemisphere, added by the modern astronomers. .It con¬ 
tains 14 stars. 

PAUSE, or Rest, in Music, a character of silence and 
rest; called also by some a mute figure ; because it shows 
that some part or person is to be silent, while the others 
continue the song. 

PECK, a measure or vessel used in measuring grain, 
pulse, and the like dry substances. It contains2 gallons, 
or tbc 4th part of a bushel. 

PEDESTAL, in Architecture, the lowest part of an 
order of columns; being thut which sustains the column, 
and servos it as a foot to stand upon. It is a square body 
or die, with a cornice and base. The proportions and 
ornaments of the pedestal arc different in the different 
orders. Vignola indeed, and most of the moderns, make 
the pedestal, and its ornaments, in all the orders, one 
third of the height of the column, including the base and 
capital. But some deviate from this rule. 

Pcrrault makes the proportions of the three constituent 
parts of pedestals, the same in all the orders; viz, the 
base one fourth of the pedestal; the cornice an eighth 
part; and the socle or plinth of the base, two thirds of 
the base itself. The heights of the die is what remains 
of the whole height of the pedestal. 

The Tuscan Pedestal is the simplest and lowest of 
all; from 3 to 5 modules high. It has only a plinth for 
its base, and an astragal crowned for it3 cornice. 

The Doric Pedestal is made 4 or 5 modules in height, 
by the moderns; for no ancient columns, of this order, 

• arc found with any pedestal, or even with any base. 

The Ionic Pedestal is from 5 to 7 modules high. 

The Corinthian Pedestal is the richest and most deli¬ 
cate of'&llf and is from 4 to 7 modules high. 

The Composite Pedestal is of(?or7 modules in height. 

1 Square Pedestal has its breadth and height equal. 

Double Pedestal,' is that which supports two columns, 
being broader than it is high. 

Continued Pedestal, is that which supports a row of 
columns without any break or interruption. 


Pedestals of Statues , arc those serving to support 
figures or statues. 

PEDIMENT, in Architecture, a kind of low pinnacle; 
serving to crown porticos, or finish a frontispiece; and 
placed as an ornament over gates, doors, windows, niches, 
altars, &c; being usually of a triangular form, but some¬ 
times an arch of a circle. Its height is various, but it is 
thought most beautiful when the height is one filth of the 
length of its base. . * 1 

PEDOM ETEU,orPoDOMETEH, foot-measurer,or way- 
wiser ; a mechanical instrument, in form of a watch, and 
consisting of various wheels and teeth ; which, by means 
of a chain, or string, fastened to a man's foot, or to the 
wheel of a chariot, advance a notch each step, or each 
revolution-of the wheel: by which it numbers the paces 
or revolutions, and so the distance from one place to an¬ 
other. 

Pedometer is also sometimes used for the common 
surveying wheel, an instrument chiefly used in measuring 
roads; popularly called the way-wiser. Sec Perambu¬ 
lator. 

PEGASUS, the Horse, a constellation of the northern 
hemisphere, figured in the form of a flying horse ; being 
one of the 48 ancient constellations. It is fabled, by the 
Greeks, to have been the offspring of an amour between 
Neptune and the Gorgon Medusa ; and to have been that 
on which Bcllerophon rode when he overcame the Chime¬ 
ra; and that flying from mount Helicon to heaven, he 
there became a constellation; having thrown his.rider in 
the flight; and that the stroke of his hoof on the mount 
opened the sacred fountain Hippocrcne.—The stars in this 
constellation, in Ptolemy's catalogue, arc 20, in Tycho’s 
19 , in Hevclius's 38, and in the Britannic catalogue 89 . 

PELECOIDES, or Hatchet-formfm Geometry, a figure 
in form of a hatchet. As the figure 
a nc da, contained under the semi- 
circle bcd and the two quadrantal • / 
arcs ad and ad. The area of the 
pelecoides is equal to the square ac, // 

and this again is equal to the rcc- I f / 

tangle be. It is equal to the square, I J 

because the two segments ad and F A. i 
ad, which it wants of the square on the lower part, are 
compensated by the two equal segments bc aud CD, by 
which it exceeds on the upper part. And the square is 
equal; to the rectangle bb, because the triangle abd, 
which is half the square, is also half the rectangle be of 
the same base and height with it. 

PELL (Dr. John), an eminent English mathematician,, 
descended from an ancient family in Lincolnshire, was 
born at South wick in Sussex, March 1, 1610, where his 
father was minister. He received his grammar education 
at the free-school at Stenning in that county. At the age 
of 13 he was sent to.Trinity-collcge in Cambridge, though 
at that time as good a scholar as most masters of arts in 
that university; but though he was eminently skilled in 
the Greek and Hebrew languages, he never offered him¬ 
self a candidate at the election of scholars or fellows of 
bis college, • . ' Jp| *1 

In 1629 he drew up the f< Description and Use of the 
Quadrant, written for the Use of a Friend," in twp books,; 
the original manuscript of which is still extant among his 
papers in the Royal Society. And the same year ho held 
a correspondence with Mr. Briggs on the subject of loga¬ 
rithms. 
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In 1630 he wrote, “ Modus supputandi Ephemerides 
Astronomical, &c, ad an. 1630 accoinmodatusapd, 44 A 
Key to unlock the meaning of Johannes Trithemius, in 
his Discourse of Steganography," which Key he imparted 
to Mr. Samuel Hartlib and Mr. Jacob llomeda*. The 
same year he took the degree of master of arts at 
Cambridge. And the year following he was incorporated 
in the university of Oxford. June the 7th, he wrote 
* 4 A Letter to Mr. Edmund Wingate, on Logarithms/'and 
Oct. 5, 1631, 41 Commcntationcs in Cosmographium 
Alstcdii/' 

March 6, 1634, he finished his “ Astronomical History 
of Observations of Hea\enly Motions and Appearances 
and April the 10th, his 44 Ecliptica Prognostics, or Fore- 
knower of the Eclipses, &c. M —In f634 he translated 
44 The Everlasting Tables of Heavenly Motions," grounded 
on the Observations of all Times,and agreeing with them 
all, by Philip I^nsbcrg, of Ghent in Flanders. And June 
the 12th, the same year, he committed to writing, 44 The 
Manner of deducing his Astronomical lables out of the 
Tables and Axioms of Philip Lansberg/ > —March the 9th, 
163.5, he wrote 44 A Letter of Remarks on Gellibrand’s 
Mathematical Discourse on the Variation of the Magnetic 
Needle." And the 3d of June following, another on the 
same subject. 

His eminence in mathematical knowledge was now' so 
great, that lie was thought worthy of n professor's chair 
111 that science; and, on the vacancy of one at Amster¬ 
dam in 163}), Sir William Boswell, the English resident 
with the States-Gener.il, used his interest, that he might 
succeed in that professorship: it was not filled however 
till 1643, when Pell was chosen to it; and be read with 
great applause public lectures oh Diophantus.—In 16*44 
he printed at Amsterdam, in two pages 4to> 44 A Refu¬ 
tation of Longoinontanus's Discourse, De Vera Circuli 
Mensura/' 

In 1646, on the invitation of the Prince of Orange, lie re¬ 
moved to the new college at Breda, as professor of mathe¬ 
matics, with a salary of 1000 guilders a-year.—His “ Idea 
Mathcscos," which he had addressed to Mr. Hartlib, who 
in 1639 had sent it to Descartes and Mersennc, was printed 
1650 at London, in 12mo, in English, with the title of 
“ An Idea of Mathematics," at the end of Mr. John Durie's 
Reformed Library-keeper. It is also printed by Mr. 
Hooke, in bis Philosophical Collections, No. 5, pa. 127; 
and is esteemed our author's principal work. 

In 1652 Pell returned to England : and in 1654 lie 
was sent by the protector Cromwell agent to the protes- 
tant cantons in Switzerland; where he continued till 
June 23, 1658, when he set out for England, where he 
arrived about the time of Cromwell's death. His negoci- 
ations abroad gave afterwards a general satisfaction, as it 
appeared he had done no small service to the interest of 
king Charles the 2d, and of the church of England; so 
that lie was encouraged to enter into holy orders ; and in 
the year l66l lie was instituted to the rectory of Fobbing 
in Essex, ^iven him by the king. In December that year 
he brought into the upper house of convocation the ca¬ 
lendar reformed by him, assisted by Sancroft, afterwards 
archbishop of Canterbury.—In 1673 he was presented by 
Sheldon, bishop of London, to the rectory of Lningdon 
in Essex; and, on the* promotion of that bishop to the’ 
see of Canterbury soon after, bccafnc one of his domestic 
chaplains. He was then doctor of divinity, and expected 
to be made a dean; but he attended so much to his ira- 
Vol. II. 


provement in the philosophical and mathematical sciences 
that he lost sight of his private advantage. The truth is, 
lie was a helpless man, as to worldly affairs, and his 
tenants and relations imposed on him, cozened him of the 
profits of his parsonage, and kept him so indigent, that lie 
wanted necessaries, even ink and paper, to bis d) mg day. 
He was for some time confined to the Kmg's-bench prison 
for debt; but, in March 1682, was invited by Dr. \Y’hitler 
to live in the college of physicians. Here be continued 
till June following; when he was obliged, by bis ill state 
of health, to remove to the house of a grandchild of his 
in St. Margaret's Church-yard, Westminster. But lie 
died at the house of Mr. Cotliorne, reader of the church 
of St. Giles's in the Fields, December the 12th, 1685, in 
the 74th year of his age, and was interred at the expense 
of Dr. Busby, master of Westtninstci-schoo), and Mr. 
Sharp, rector of St. Giles's, in the rector's vault under 
that church.—Dr. Pell published some other things not 
yet mentioned, a list of which is as follows: viz, 

1. An Excrcitation concerning Easter; 1644, in 4to. 

2. A Table of 10,000 square numbers, &c; 16*72, 
folio. 

3. A11 Inaugural Oration at bis entering on the Profes¬ 
sorship at Breda. 

4. He made great alterations and additions to Rhonius's 
Algebra, printed at London 1668, 4to, under the title of, 
An Introduction to Algebra; translated out of the High 
Dutch into English by Thomas Branker, much altered 
and augmented by D. P. (Dr. Pell.) Also a Table of 
Odd Numbers, less than 100,000, showing those that arc 
incomposite, &c, supputated by the same Thomas Branker. 
Sec this table under the article Prime Numbers. 

5 . His Controversy with Longoroontanus concerning 
the Quadrature of the Circle ; Amsterdam, 1646, 4to. 

He also wrote a Demonstration of the 2d and 10th 
books of Euclid ; which piece was in ms. in the library of 
lord Brcrcton in Cheshire: as also Archimedes’s Arcnarius, 
and the greatest part of Diophantus's 6* books of Arith¬ 
metic; of which author he was preparing a new edition, 
in which he intended to have corrected the translation, 
and made new illustrations. He designed also to publish 
an edition of Apollonius, but laid it aside, in May 1645, 
at the desire of Golius, who was engaged in an edition of 
that author from an Arabic manuscript given him at 
Aleppo 18 years before. Letters of Dr. Pell to Sir Charles 
Cavendish, in the Royal Society. 

Some of his manuscripts he left at Brereton in Cheshire, 
where he resided some years,* being the seat of William 
lord Brereton, who had been bis pupil at Breda. A great 
many others cainc into the hands of Dr. Busby; which 
Mr. Hooke was desired to use his endeavours to obtain 
for the Royal Society. But they continued buried 
under dust, and mixed with the papers and pamphlets of 
Dr. Busby, in 4 large boxes, till 1755; when Dr. Birch, 
secretary to the Royal Society, procured them for that 
body, from the trustees of Dr. Busby. The collection 
contains not only Pell's mathematical papers, letters to 
him, and copies of. those from him, &c, but also several 
manuscripts of Walter Warner, the mathematician and 
philosopher, who lived in the reigns of James the First 
and Charles the First. 

Dr. Pell invented the method of ranging tho several 
steps of an algebraical calculus, in a proper order* in 
so many distinct lines, with the number affixed to each 
step, and a short description of the operation or ptocess 

Y 
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in the line. Me also invented the character -4* for divi¬ 
sion, O* for involution, and lu for evolution. 

He was also the first who discovered the method of 
solving the equation ax~ — y l = 1, being the same as that 
given by Euler in the second volume of his algebra. Ibis 
problem was proposed by Fermat as a challenge to all the 
English mathematicians, though it is probable (as he 
never gave a solution to it himself) that he was unac- 
quainted with the true mode of operation at the time he 
proposed it. 

PEMBERTON (Henry), m. n. & f. r. s. horn at 
London in 1 6.94, was a learned physician and mathema¬ 
tician; as well as an expert mechanist, readily perform¬ 
ing with his own hand several mechanical operations. 
After studying grammar at a school, and the higher clas¬ 
sics under Mr. John Ward, afterwards professor of rhetoric 
at Greshain-college, he went to Leyden, to attend the 
lectures ot the celebrated Boerhaave, to quality himsedt 
for the profession of medicine. Mere also, as well os in 
England, he constantly mixed, with his professional studies, 
those of the best mathematical authors, whom he contem¬ 
plated with great effect. From hence he went to Paris, to 
perfect himself in the practice of anatomy, to which he 
readily attained, bcingnaturally dextrousinall manual ope¬ 
rations. Having obtained his main object, he returned to 
London, enriched also with other branches of scientific 
knowledge, and a choice collection of mathematical books, 
both ancient and modern, from the sale ol the valuable 
library of the abbe Gallois, which took place during his 
stay in Paris. After his return he assiduously attended 
St. Thomas'* Ilospitul, to acquire the London practice ot 
physic, though he seldom afterwards practised, owing to 
his delicate state of health. In 1719 he returned to Ley¬ 
den, to take his degree of m. d. where he was kindly en¬ 
tertained by his friend Dr. Boerhaave. After his return 
to London, he became more intimately acquainted with 
Dr. Mead, Sir I. Newton, and other eminent men, with 
whom he afterwards cultivated the most friendly con¬ 
nexions. Hence he was useful in assisting Sir I. Newton 
in preparing a new edition of his Principia, in writing an 
account of his philosophical discoveries, in bringing for¬ 
ward Mr. Robins, and writing some pteccs printed in the 
2d volume of that gentleman's collection of tracts, in Dr. 
Meads Treatise on the Plague, and in his edition of.Cowper 
on the Muscles, &c. Being chosen professor of physic in 
Greshain-college, he undertook to give a course of lec¬ 
tures on chemistry, which was improved every time he 
exhibited it, und was published in 1771, by his friend 
Dr. James Wilson. In this situation too, at the request 
of the college of physicians, he revised and reformed their 
Pharmacopceia, in a new and much improved edition. 
After a long and laborious life spent in improving science, 
and assisting its cultivators, Dr. Pemberton died in 1771,' 

at 77 years of age. * # ; , •- 

Besides' the doctor's writings above-mentioned, he 
wrote numerous other pieces; as, 1. Epistola ad Amicuin 
de Cotesii inventis; demonstrating Coles's celebrated the¬ 
orem, and showing how his theorems by ratios and loga- 
•rithins may be done by the circle and hyperbola.—2. Ob¬ 
servations on Poetry, especially the Epic, occasioned by 
Glover's I^onidas.—3. A Plan of a Free State, with a 
King at the Head; not published.—4. Account of the 
1 Ancient Ode; printed in the preface to West's Pindar.— 
5 . On the Dispute about Fluxions, in the 2{1 vol. ot 
Robins's works.—6. On the Alteration pf the. Style and 


Calendar.—7. On reducing the Weights and Measures to 
one Standard.—S. A Dissertation on Eclipses.— 9- On 
the Loci Plani, Cvc. Ilis numerous communications to 
the Royal Society, on a variety of interesting subjects, 
extend from the 32d to the 62d vol. of the Philos. Trans. 

Alter his death many valuable pieces were found among 
his -papers, viz. A short History of Trigonometry, from 
Menclaus to Napier. A comment on an English 'I rans- 
lation of Newton's Principia. Demonstrations of «hc 
Spherics and spherical Projections, enough to compose a 
treatise on those subjects. A Dissertation on Archimedes s 
Screw. x Improvements in Guaging. In a given latitude, 
to find the point of the ecliptic that ascends the slowest. 

find when the oblique ascension ditlers most from the 
arch to which it belongs. On the principles ot Mercators 
and middle-latitude sailing. To find the heliacal rising 
of a star. 'To compute the moon's parallax, lo deter¬ 
mine the course ot a comet in a parabolic orbit. And 
others, all neatly performed. On the whole, Dr. Pem¬ 
berton appears to have been a clear and industrious 
author, but his writings arc too diffuse ami laboured. 

PENCIL of Rays, in Optics, is a double cone, or pyra¬ 
mid of rays, joined together G 



at the base; as nose: the one 
cone having its vertex in 
some point of the object at 
b, ami the crystalline hu- 
mqur, or the glass gls for 
its base; and the other having its base on the same glass, 
or crystalline,, but its vertex in the point ot convergence, 

as at c. ..1 

PENDULUM, in Mechanics, any heavy body, so 

suspended os that it may swing backwards and forwards, 
about some fixed point, by the force of gravity. I hese 
alternate ascents and descents of the pendulum, arc called 
its oscillations, or vibrations; each complete oscillation 
being the descent from the highest point on one side, don n 
to the lowest point of the arch, and so on up to the highest 
point on the other side. The point round whjcli the pe n¬ 
dulum moves, or vibrates, is called its centre of motion, 
or point of suspension ; and a right line drawn through the 
centre of motion, parallel to the horizon, and perpendicu¬ 
lar to the plane in which the pendulum move s, is called the 
axis of oscillation. There is also a certain point within 
every pendulum, into which, if all the matter thurcom- 
poses the pendulum were collected, or condensed as into 
a point, the times in which the vibrations would be per¬ 
formed, would not be altered by such condensation; and 
this point is called centre of oscillation. I he length o 
the pendulum is always estimated by the distance ot this 
point below the centre of motion ; being usually near the 
bottom of the pendulum ; but in a cylinder, or any other 
' uniform prism or rod, it is at the distance of one l n 
from the bottom, or two-thirds frbm and below the- centre 

of motion. • r 

The length of a pendulum, so measured to its centre o 

oscillation, that it will perform each vibration in a secoru 
of time, thence called the seconds pendulum, has, in ie 
latitude of London, been generally taken at 35)*o or 
inches ; but by some very ingenious and accurate cxpei i* 
incuts, the late celebrated Mr. George Graham found 
the true length to be 39-,!^, inches, or 3| ¥ |nchcs very 

The length of the pendulum vibrating seconds at Paris, 
was found by Voriti, Peshays, Deglos, and Godin, to be 
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440£ lines; by Picard 4401 lines; and by Mairan 440$-£ 
lines. 

Galileo was the first who made use of a heavy body an¬ 
nexed to a thread, anti suspended by it, lor measuring 
time, in his experiments and observations. But according 
to Sturmius, it was Iliccioli who first observed the isochro- 
nism of pendulums, and made use of them in measuring 
time. After him, Tycho, Langrene, NVendeline, Mersenne, 
Kirchcr, and others, observed the same thing; though, it 
is said, without any intimation of what had been done by 
Iliccioli. But it was the celebrated Huygens who first de¬ 
monstrated the principles and properties of pendulums, 
and probably the first who applied them to clocks. He 
demonstrated, that if the centre of motion were perfectly 
fixed and immoveable, and all manner of friction, and re¬ 
sistance of the air, &c, removed, that a pendulum, once 
set in motion, would for ever continue to vibrate without 
any decrease of motion, and that all its vibrations would 
be perfectly isochronal, or performed in the same time, 
the arc of vibration remaining constant. Hence the pen¬ 
dulum has universally been considered as the best chrono¬ 
meter or measurer of time. And as all pendulums of the 
same length perform their vibrations in the same time, the 
arc of vibration being the same, without regard to their 
different weights, it has been suggested, by means of them, 
to establish an universal standard for all countries. On 
this principle Mouton, canon of Lyons, has a treatise, Dc 
Mensura posteris transmittenda; and several others since, 
as Whitehurst, &c. See Universal Measuiiu. 

Pendulums are either simple or compound, and each of 
these may be considered cither in theory, or as in practical 
mechanics among artisans. 

A Simple Pendulum, in Theory, 
consists of a single weight, as a, con¬ 
sidered as a point, and an inflexible 
right line ac, supposed void of gravity 
or weight, and suspended from a fixed 
point or centre c, about which it 
moves. 

A Compound PENDULVM,inTbeory, 
is a pendulum consisting of several 
weights moveable about one common centre of motion, but 
connected together so as to retain the same distance both 
from one another, and from the centre about which they 
vibrate. 

The Doctrine and Laws of Pendulums .—1. A pendulum 
raised to b, through the arc of the circle ad; will fall, 
and rise again, through an equal arc, to a point equally 
high, as p; and thence will fall to A, and again rise to b ; 
and thus continue rising and falling perpetually, supposing 
neither friction nor resistance. For it is the same thing, 
whether the body fall down the inside of the curve bad, 
by the force of gravity, or be retained in it by the action 
of the string; as they will both have the same effect ; and 
it is otherwise known, from the oblique descents of bodies, 
that the body will descend and ascend along the curve in 
the manner above described. . 

Experience also confirms this theory, in any finite num¬ 
ber of oscillations. But if they be supposed infinitely 
continued, a difference will arise. For the resistance of 
the air, and the friction and rigidity of the string about the 
centre c, will take off part of the force acquired in falling; 
hence it happens that it docs not rise precisely to the same 
point from whence it fell. Thus, the ascent continually 
diminishing the oscillation, this will be at last stopped, and 


C 



the pendulum will hang at rest in its natural direction, 
which is perpendicular to the horizon., 

Now as to the real time of oscillation in a circular arc 
bad: it is demonstrated by mathematicians, that if 
p = 3*1416', denote the circumference of a circle whose 
diameter is 1 ; g = 16^ feet or 1<)3 inches, the space a 
heavy body falls in the first second of time, in our lati¬ 
tude ; and r = ca the length of the pendulum; also 
a = ae the height of the arch of vibration; then the time 
of each oscillation in the arc bad will be equal to 

&c, 


Ps/-- * into the series 1 ^ -b 

1 v Qg I'd r.i'.o d 

where d = 2 r is the diameter of the arc described, or 
twice the length of the pendulum. 

And here, when the arc is a small one, as in the case of 
the vibrating pendulum of a clock, all the terms of this 
series after the 2 d may be omitted, on account of their 
smallness ; and then the time of a whole vibration will be 

nearly equal to P\/~ * 0 "+* -—-)• 

So that the times of vibration of a pendulum in different 
small arcs of the same circle, are as Sr a, or 8 times 
the radius, added to the versed sine of the scmiarc. 

And farther, if d denote the number of degrees in the 
semiarc ab, whose versed sine is a, then the quantity last 
mentioned, for the time of a whole vibration, is changed to 
✓ r n J 

psJ - X (1 - 

r v '2g v S2V24 


1 7 .3\i 


r’.a’aV 


). And therefore the times of vibra¬ 


tion in different small arcs, arc as 32524 d\ or as the 
number 52524 added to the square of the number of de¬ 
grees in the scmiarc ab. Sec my Tracts, vol. 3, prob. 15, 
pa. 338. 

2. Let cn be a semicycloid, having its base ec parallel 
to the horizon, and 
its vertex b down¬ 
wards; and let cd 
be the other half 
of the cycloid, in 
a similar position 
to the former. 

Now suppose a 
pendulum string; 
of the same length 
with the curve of 
each semicycloid bc, or cd, having its end fixed in c, and 
the thread applied all the way close to the cycloidal curvo 
bc, and consequently the body or pendulum weight coin¬ 
ciding with the point B. If now the body be let go from 
E, it will descend by its own gravity, and in descending it 
will unwind the string from oft' the arch bc, as at the po¬ 
sition CGif 5 and the ball ji will describe a semicycloid 
dha, equal and similar to noc, when it has arrived at the 
lowest point a ; after which, it will continue its motion, 
and ascend, by another equal and similar sernicycloid 
akd, to the same height d, as it fell from at b, the string 
now wrapping itself upon the other arch cid. From n it 
will descend again, and pass along tho whole cycloid dab, 
to the point, b; and thus perform continual successive 
oscillations between b and d, in the curve of a cycloid ; 
as it before oscillated in the curve of a circle, in the for¬ 
mer case, . 

This contrivance, to make the pendulum oscillate in tho 
curve of a cycloid, is the invention of the celebrated 
Huygens, to make the pendulum perforin all its vibrations 
in equal times, whether the arch,.or extent of the vibra- 
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tion bo great or small; which is not the ease in a circle, 
where the larger arcs take a longer time to run through 
them, than the smaller ones do, as is well known both from 
theory and practice. 

It should be observed however, that in speaking of the 
equal times of vibrations in cycloidal arcs, the string by 
which the body is suspended is considered void of gravity 
and resistance, and as this is not absolutely true, it follows 
that theory and practice will be a little at variance on this 
head. 

The chief properties of the cycloidal pendulum then, 
as demonstrated by Huygens, are the following. 1 st, 
That the time of an oscillation in all arcs, whether larger 
or smaller, is always the same quantity, viz, whether the 
body begin to descend from the point n, and describe the 
•cmiarc ha ; or that it begins at 11 , and describes the arc 
It a ; or that it sets out from any other point ; as it will still 
descend to the lowest point a in exactly the same time. 
And it is farther proved, that the time of a whole vibration 
through any double arc had, or iiak, «Scc, is in proportion 
to the time in which a heavy body will fall freely, by the 
force of gravity, through a space equal to {Ac, halt the 
length of the pendulum, as the circumference of a circle 
is to its diameter. So that, if 5 - = l 6 T ' r feet denote the 
space -a heavy body falls in the first second of time, 
p = :^T 4 i 6 ' the circumference of a circle whose diameter 
is 1 , and r = ac the length of the pendulum; tlu-n, be¬ 
cause, by the nature of descents by gravity, 


who has given an admirable theory on the subject, in hi* 
l’rincipia, where he has extended to epicycloids the pro¬ 
perties demonstrated by Huygens of the cycloids. 

4 . As the cycloid may be considered as coinciding, in 
a, with any small arc of a circle described from the centre 
c, passing through a, where it is known the two curves 
have the same radius and curvature ; therefore the tune 
in the small arc of such a circle, will be nearly equal to 
the lime in the cycloid ; so that the times in very small 
circular arcs are equal, because these small arcs fiiay be 
considered as portions of the cycloid, as well as ol the 
circle. And this is one great reason why the pendulums 
of clocks are made to oscilldtc in as small arcs as possible, 
viz, that their oscillations may be the nearer to a constant 

equality. - . 

'I bis may also be deduced from a comparison ot the 
times of vibration in the circle, and in the cycloid, ns laid 
down in the foregoing articles. It has there been shown, 
that the times of vibration in the circle and cycloid are 
thus, viz, ^ 

time in the circle nearly />y/— * (1 

time in the cycloidal arc p */ 9 “; 
where it is evident, that the former always exceeds the 

latter in the ratio of 1 +^-tol; but this ratio always 

of 

approaches nearer to an equality, as the arc, or as its 
versed sine a, is smaller; till at length, when it is very 


: : l" : that is the time in which a body will fall 

through {r, or halfthc length of the pendulum ; therefore, 

by the above proportion, ns 1 : p :: */ 7 lf , '• Pv'Tg* 

is the time of an entire oscillation in the cycloid. 

And this conclusion is confirmed by experience. For 
example, if it were required to find the length of the pen¬ 
dulum that will so oscillate in one second ; this will 

give the equation P-/^ = U which reduced, gives 


r = — =-^ inches = 39 '11 or 39* inches, for the 

// a-mo* 

length of the seconds pendulum; which the best experi¬ 
ments show to he about 39* inches. 

3. Hence also, we have a method of determining, from 
the experimented length of a pendulum, the space a heavy 
body will full perpendicularly through in a given time : 

for, since ps/-— = 1, therefore, by reduction, g = fpV 

is the space a body will fall through in the first second of 
time, when r denotes the length of the seconds pendulum ; 
and as constant experience shows that this length is nearly 
39| inches, in the latitude of London, in this case g or 
|/>V becomes { x 31416* x 39* = 103 07 inches 
= l 6 ’ T *x feet, very nearly, for the space a body will fall in 
the first second of time, in the latitude of London: a fact 
which has been abundantly confirmed by experiments 
made there. And in the same manner, Mr. Huygens found 
the same space fallen through at Paris, to be-15 French 
feet. 

The whole doctrine of pendulums, oscillating between 
two scmicycloids, both in theory and practice, was deli¬ 
vered by that author, in his Horologium Oscillatorium, sivc 
Dcmonstrationcs dc Motu Pendulorum. And every thing 
that regards the motion of pendulums has since been de¬ 
monstrated in different ways, and particularly by Newton, 


small, the term — may be omitted, and then the times of 

Nr t ^ f 

vibration become both the same quantity, viz, 

Farther, by the same comparison, it appears, that the 
time lost in each second, or in each vibration of the se¬ 
conds pendulums, by vibrating in a circle, instead of a 

cycloid, is —, or ; and consequently the time lost in 

a whole clay of 24 hours, is $D a nearly. In like manner, 
the seconds lost per day by vibrating in- the arc of </de¬ 
grees, is Therefore if the pendulum keep true tunc 

in one of these arcs, the seconds lost or gained per day, 
by vibrating in the other, will be *j(d* — d *). So, for 
example, if a pendulum measure true time in an arc of 
3 degrees, on each side ot flic lowest point, it will lose 
111 seconds a day by vibrating 4 degrees ; and 20} seconds 
a day by vibrating 5 degrees; and so on. 

5, The action of gravity is less in those parts of the 
earth where the oscillations of the same pendulum are 
slower, and,greater where these ate swifter; lor the time of 
oscillution is reciprocally proportional to \/S} Audit 
being found by experiment, that the oscillations of the 
same pendulum are slower near the equator, than in places 
farther from it; it follows that the force of gravity is less 
there ; and consequently the parts about the equator are 
higher or farther from the centre, than the other parts ; 
and the shape of the earth,Is not a true sphere, but some¬ 
what like an oblate spheroid, flatted ut the poles, and 
raised gradually towards the equator. And hence also the 
times of the vibration of the same pendulum, in different 
latitudes, afford a method of determining the true figure 
of the earth, and the proportion between its axis and the 

'equatorial diamete?. * ' ' - 

Thus, M. Richer found by an experiment made in the 
island of Cayenrtc, about 4 degrees from the equator, wher# 
a pendulum 3 feet 8 $ lines long, which at Pans vibrated 
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seconds, required to be shortened a line and a quarter to 
make it vibrate seconds. And many other observations 
have confirmed the same principle. See Newton’s Prin- 
cipia, lib. 3, prop. 20. By comparing the different obser¬ 
vations of the French astronomers, Newton apprehends 
that 2 lines may be considered as the length a seconds pen¬ 
dulum ought to be decreased at the equator. 

From some observations made by Mr. Campbell, in 
1731, in Black-river, in Jamaica,'15° north latitude, it 
is collected, that if the length of a simple pendulum that 
swings seconds in London, be 39*126 English inches, the 
length of one at the equator would be 39*00, and at the 
poles 39*206. Philos. Trans, numb. 432. 

And hence Mr. Emerson has computed the following 
Table, showing the length of a pendulum that swings se¬ 
conds at every 5th degree of latitude, as also the length of 
the degree of latitude there, in English miles. 


Decrees of 
Lai. 

Length of Pen¬ 
dulum. 

\ 

Length of the 
Degree. 


inehe*. 

inilrs. 

0 

39027 

68723 

5 

39029 

68*730 

10 

39*032 

68-750 

15 

39-036 

68-783 

20 

39044 

68-830 

25 

39057 

68-882 

30 

39070 

68950 

35 

39 084 

69 020 

40 

39-097 

69097 

45 

39 111 

69 17 6 

50 

39 ’126 

69256 

55 

39-142 

69-330 

60 

39-158 

69 401 

65 

39‘16S 

09-467 

70 

39*177 

69 522 

75 

39185 

69-568 

80 

39191 

69601 

85 

39-195 

69-620 

90 

39-197 

69 62 S 


Capt. John Warren has lately made experiments on pen¬ 
dulums, at Madras, latitude 13' 4 1 12", for which place 
he concludes the length of the seconds pendulum to be 
39*02()27 inches. He farther deduces the length at the 
equator to be 38*987 or 39 nearly, and that at the pole 
39*207; hence he deduces the effect of gravity, in one se¬ 
cond of time, to be at the equator 16*0328 feel, and at the 
poles 16*1233 feet; and hence also he deduces the ellip¬ 
tic! ty of the earth’s figure to be T nearly. Sec the Asiatic 
Researches, vol. xi, art. 5. 

& If two pendulums vibrate in similar arcs, the times 
of vibration arc in the sub-duplicate ratio of their lengths. 
And the lengths of pendulums vibrating in similar arcs, 
arc in the duplicate ratio of the times of a vibration di¬ 
rectly ; or in the reciprocal duplicate ratio of the number 
of oscillations made in any one and the same-time. For, 

the time of vibration * being awhere p and g are 

constant or given, therefore I is-as ^/r, and r as t\ Hence 
therefore the length of a half-scconu«pendulum will be Jr 

or — = 9 # 78I inches; and the length of. the quarter- 

second pendulum will be ■ = 2*44.5inches; and 

60 of .Others. 


7. The foregoing laws, &c, of the motion of pendulums 
cannot strictly hold good, unless the thread that sustains 
the ball be void of weight, and the gravity ol the whole 
ball be collected into a point. In practice therefore, a 
very fine thread, and a small ball, but of a very heavy 
matter, should be used. But a thick thread, and a bulky 
ball, disturb tlie motion very much ; for in that case the 
simple pendulum becomes a compound one; it being much 
the same thing, as if several weights were applied to the 
same inflexible rod in several places. 

8. M. Krafit, in the new Petersburg Memoirs, vols 6 
and 7, has given the result of many experiments on pen¬ 
dulums, made in different parts of Russia, with deductions 
from them, from which he derives this theorem : If x be 
the length of a pendulum that swings seconds in any given 
latitude /, and in a temperature of 10 degrees of Reaumur’s 
thermometer; then will the length of that pendulum, for 
that latitude, be thus expressed, viz, 

x = (439 178 -t- 2-321 x sin. 1 /) lines of a French foot. 
Ami this expression agrees very nearly, not only with all 
the experiments made on the pendulum in Russia, but also 
with those of Mr. Graham, and those of Mr. Lyons in 
79° 50' north latitude, where lie found its length to be 
441*38 lines. See Oblateness. 

Simple Pendulum, in Mechanics, an expression com¬ 
monly used among artists, to distinguish such pendulums 
as have no provision for correcting the effects of heat and 
cold, from those that have such provision. Also Simple 
Pendulum, and Detached Pendulum, are terms sometimes 
used to denote such pendulums as are not connected with 
any clock, or clock-work. 

Compound Pendulum, in Mechanics, is a pendulum 
whose rod is composed of two or more wires or bars of 
metal. These, by undergoing different degrees of expan¬ 
sion and contraction, when exposed to the same heat or 
cold, have the difference of expansion or contraction made 
to act in such manner ns to preserve constantly the same 
distance between the point of suspension, and centre of 
oscillation, though exposed to very different and various 
degrees of heat or cold. There are a great variety of con¬ 
structions for this purpose ; hut they may be all reduced 
to the Gridiron, the Mercurial, and the Lever Pendulum. 

It may be just observed by the way, that the vulgar me¬ 
thod of remedying the inconvenience arising from the ex¬ 
tension and 'contraction of the rods of common pe ndulums, 
is by applying the bob, or small ball, with a screw, at the 
lower end ; by which means the pendulum is at any time 
made longer or shorter, as the ball is screwed downwards 
or upwards, and thus the time of its vibration is kept con¬ 
tinually the same. 

Angular Pendulum, is formed of two pieces or legs, 
like a sector, and suspended by the angular point. This 
form has been invented to diminish the length of the 
common pendulum,-and at the same time to preserve, or 
even increase the time of vibration. In this pendulum, 
the time of vibration depends on the length of the 
legs, and on the angle contained between them con¬ 
jointly, the duration of the time of vibration increasing 
with the angle. For, the wider the opening between the 
two legs, the higher, it is evident, the centre of gravity 
ascends, as the shorter its distance below the point of sus¬ 
pension, and consequently the longer the distance of the 
centre of oscillation, or the slower the vibration, since tho 
distance of the latter is reciprocally proportional to that 
of tho former, by my Course of Mathematics, voh 
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prop. 56. Hence, a pendulum of this construction may 
be made to oscillate in any given time whatever; lor the 
distance of the centre of oscillation may be computed by 
that prop, and the time of vibration by pn»p. 30, «>i by the 
preceding parts of this article.— it may t e easily shown, 
that in this kind of pendulum, the squares of the tinn s of 
vibration, are directly as the secants ot Irill the angles 
contained by the legs, or reciprocally as the cosines of the 
same. Hence,’ if a pendulum of this construction vi¬ 
brates half seconds when its legs are close, it will vibrate 
whole seconds, when the legs are opened to an angle of 
151° 2$'- If the two legs, for instance, be 15 inches long, 
and they make an angle of 150' 23*. the time ol vibration 
will be 1 second ; if the angle be increased to 178 49|\ 
the time of vibration would be 5 seconds. See Gregory s 
Mechanics, vol. 1, pa. 26.9. 

If an isosceles right-angled triangle be suspended at its 
vertex, the centre of oscillation will be in the middle of 
its base. And if a right-angled cone be suspended at its 
vertex, the centre of oscillation will be in the centre of its 
base. In either case therefore, the time of vibration will 
be the same as that of a simple pendulum whose length is 
equal to the altitude of the triangle or of the cone. Other 
pendulums, whose lengths shall be equal to the distance 
of the centre of oscillation, may be readily found from 
the known rules for the centre of oscillation. Thus, in a 
parabola vibrating in its own plane, and suspended at its 
vertex, the distance of the centre of oscillation below the 
vertex, is y axis | parameter: and when this quantity 
is equal to the axis, the base of the parabola is to its 
axis, as 1-85164 to I. For several other cases, see the 
part above quoted of Dr. Gregory’s Mechanics. 

The Conical or Circular Pen DULUM. This is so called 
from the figure described by the string of the pendulum. 
This kind of pendulum was invented by M. Huygens, and 
is also claimed by Dr. Hooke. Its time of vibrution de¬ 
pends both on the length of the string and on the magni¬ 
tude of the circle described by the ball of the pendulum, or 
only on thealtitude of the cone described, by the pendulum ; 
for if a denote the altitude of the cone described, and 
p — 3-1410, also g = 16 t ’ t feel, the distance freely fallen 
by a heavy body in 1 second of time; then it is well known 
that the time of each revolution of the pendulum, is 

t = pv/--=r 1-108*/a seconds nearly; and is therefore 

equal to double the time of vibration of a common simple 
pendulum, whose length is equal to the height of the cone. 

Several other ingenious contrivances, by means of dif¬ 
ferent rods and levers, as also hollow pendulums,&c, have 
been devised by several artists; as, for instance, by a Mr. 
Chandler, by Mr. Trougliton, and by Mr. Adam Reid, an 
ingenious mechanist at Woolwich. This last contrivance 
is by a long steel rod, which passes easy through a hollow 
shorter rocl of zinc, only connected together at their bot¬ 
toms ; the pendulum ball or weight being connected to the 
upper end of the zinc rod. As the long steel rod length¬ 
ens by heat, and lowers the ball, the zinc docs the same, 
and raises the ball as much, by which the pendulum is 
preserved, of the same length in all temperatures, when 
once the rods have been adjusted together of propcrlengths. 

The Gridiron Pendulum was the invention of Mr. 
John Harrison, a very ingenious artist, and celebrated lor 
his invention of the watch for finding the difference of lon¬ 
gitude at sea, about the year 1725 ; and of several other 
fime-keepers and watches since that time ; for allwhich 


1 

lie received the parliamentary reward of between 20 and 
30 thousand pounds. It consists of 5 rods of steel, and 4 
of brass, placed in an alternate order, the middle rod being 
of steel, by which the pendulum ball is Suspended ; these 
rods of brass and steel, thus placed in an alternate order, 
ami so connected with each other at their ends, that 
while the expansion of the steel rods has a tendency to 
lengthen the pendulum, the expansion of the brass rods, 
acting upwards, tends to shorten it. And thus, when the 
lengths of the brass and steel rods arc duly proportioned, 
their expansions and contractions will exactly balance 
and correct each other, and so preserve the pendulum in¬ 
variably of the same length. 'I lie simplicity of this inge¬ 
nious contrivance is much in its favour; and the difficulty 
of adjustment seems the only objection to it. Mr. Har¬ 
rison in his first machine for measuring time at sea, ap¬ 
plied this combination of wires of brass and steel, to pre¬ 
vent any alterations by heat or cold , and in the machines 
or clocks lie has made for this purpose, a like method 
of guarding against the irregularities arising from this cause 
is used. 

The Mercurial Pendulum was the invention of the 
ingenious Mr. Graham, in consequence of several experi¬ 
ments relating to the materials of which pendulums might 
be formed, in 1715. Its rod is made of brass, and 
branched towards its lower end, so as to embrace a cylin- 
dric glass vessel 13 or 14 inches long, and about 2 inches 
diameter; which being filled about 12 incites deep with 
mercury, forms the weight or ball of the pendulum. If 
upon trial the expansion of the rod be found too great for 
that of the mercury, more mercury must be poured into 
the vessel: if the expansion of the mercury exceeds that 
of the rod, so as to occasion the clock to go fust with heat, 
some mercury must be taken out of the vessel, so as to 
shorten the column. And thus may tho expansion and 
contraction of the quicksilver in the glass be made exactly 
to balance the expansion and contraction of the pendulum 
rod, so ns to preserve the distance of the centre of oscilla¬ 
tion from the point of suspension invariably the same. 
Mr.Graham made a clock of this kind; and compared" it 
with one of the best of the common sort, for 3 years to¬ 
gether ; when he found the errors of his to be only 
about one-eighth part of those of the latter. Philos. Trans. 
No. 392. 

The Lever Pendulum. From all that appears con¬ 
cerning this construction of a pendulum, we are inclined 
to believe that the idea of making the difference of the 
expansion of different metals operate by means of a lever, 
originated with Mr. Graham, who in the year 1737 con¬ 
structed a pendulum, having its rod composed of one bar 
of steel between two of brass, which acted on the short end 
of a lever, to the other end of which, the ball or weight of 
the pendulum was suspended. This pendulum- however 
was, upon trial, found to move by jerks; and therefore 
laid aside by the inventor, to make way for the mercurial 
pendulum, just mentioned. 

Mr. Short informs us in the Philos. Trans, vol. 47, 
art. 8S, that a Mr. Frothcringham, a quakcr in Lincoln¬ 
shire, caused a pendulum of this kind to be made: it con¬ 
sisted of two bars, one of brass, and the other of steel, 
fastened together by screws, with levers to raise or let 
down tho bulb; above which these levers were placed. 
M. Cassini too, in the History of the Royal Academy of 
Sciences at Paris, for 1741, describes two kinds oTjDen- 
dulums for clocks, compounded of bars of brass andweel, 
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This is doubtless one of the mo.-t ingenious and useful 
inventions many ages have produced : by means of which 
it has been asserted there have been clocks that would not 
vary a single second in several days : and the same inven¬ 
tion also gave rise to the whole doctrine of involute and 
cvolutc curves, with the radius and degree of curva¬ 
ture, See. .... . . . . 

It is true, the pendulum is still liable to its irregulari¬ 
ties, how minute soever they may be. '1 he silken thread 
by w Inch it was suspended, shortens in moist weather, and 
lengthens in dry; by which means the length of the whole 
pendulum, and consequently the times of the vibrations, 

are somewhat varied. . 

To obviate this inconvenience, M. Lahirc, instead or a 
silken thread, used a little fine spring; which was not in¬ 
deed subject to shorten and lengthen Irom those causes; 
yet he found it grew stiffer in cold weather, and then 


and in which he applies a lever to raise or let down the 
bulb of the pendulum, by the expansion or contraction of 
the bar of brass. 

Mr. John Ellicott also, in the year 1/38, constructed a 
pendulum on the same principle, but differing from Mr. 

Graham’s in many particulars. 'I he rod ol Mr. Llli- 
cotl’s pendulum was composed of two bars only ; the one 
of bras?, and the other of steel. It.had two levers, each 
sustaining its half of the bailor weight; with a spring 
under the lower part of the ball to relieve the levers 
from a considerable part of its weight, and so to render 
their motion more smooth and easy. The one lever in 
Mr. Graham’s construction was above the ball: whereas 
both the levers in Mr. Ellicott’s were within the ball; and 
each lever had an adjusting screw, to lengthen or shorten 
the lever, so as to render the adjustment the more perfect. 

See the Philos. Trans, vol. 47, pa. 479 ; where Mr. Elli- y. .oo.. u .. 6 .~.—- - , : , . 

colt’s methods of construction arc described, and illu.tra- .made its vibrations faster than in warm ; to which a so c 

led by figures. 

Notwithstanding the great ingenuity displayed by these 
very eminent artists on this construction, it must further 
be observed, in the history of improvements of this nature, 
that Mr. Gumming, another eminent artist, has given, in 
his Essays on the Principles of Clock and Watch-work, 

Lond. 1766, an ample-description, with plates, of a con¬ 
struction of a pendulum with levers, in which it seems lie 
has united the properties of Mr. Graham’s and Mr. Elli¬ 
cott’s, without being liable to any of the defects of either. 

The rod of this pendulum is composed of one flat bar of 
brass, and two of steel; lie uses three levers within the 
ball of the pendulum ; and, among many other ingenious 
contrivances, for the moic accurate adjusting of this pen¬ 
dulum to mean time, ir is provided with a small ball and 
screw below the principal ball or weight, one entire revo¬ 
lution of which on its screw will only alter the rate ot the 
clock’s going one second per day ; and its circumference 

divided into 30, one of which divisions will therefore al¬ 
ter its rate of going one second in a month. 

Pendulum Clock, is' a clock having its motion regu¬ 
lated by the vibration of a pendulum. It is controverted 
between Galileo and Huygens, which of the two first ap¬ 
plied the pendulum to a clock. For the pretensions of 
each,see Clock. After Huygens had discovered, that the 
vibration made in arcs of a cycloid, however unequal they 
might be in extent, were all equal in time; he soon per¬ 
ceived, that a pendulum applied to a clock, so as to make 
it describe arcs of a cycloid, would rectify the otherwise 
unavoidable irregularities of the motion of the clock ; 
since, though the several causes of those irregularities 
should occasion the pendulum to make greater or smaller 
vibrations,yet, by virtue of the cycloid,it would still make 
them perfectly equal in point of time; and the motion of 
the clock governed by it, would therefore be preserved per¬ 
fectly equable. But the difficulty was, how to make the 
pendulum describe arcs of a cycloid; for naturally the 

■ i_ i _!__i i ■ r_ i _ • . . _.1.. 
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may add its expansion and contraction by heat and cold, 
He therefore had recourse to a stiff wire or rod, firm from 
one end to the other. Indeed by this means he re¬ 
nounced the advantages of the cycloid ; but he found, as 
he says, by experience, that the vibrations in circular arcs 
are performed in times as equal, provided they be not ot 
too great extent, as those in cycloids. But the experiments 
of Sir Jonas Moore, and others, have demonstrated the 
contrary. 

The ordinary causes of the irregularities of pendulums 
Hr. Derhain ascribes to the alterations in the gravity and 
temperature of the air, which increase and diminish the 
weight of the ball, and by that means make the vibra¬ 
tions greater and less ; an accession of weight in the ball 
being found by experiment to accclcratcjhc motion of the 
pendulum ; for a weight of 6' pounds added to the ball, 
Dr. Derhain found made his clock gain 13 seconds every 

day. .... r 

A general remedy against the inconveniences of pen¬ 
dulums, is to make them long, the ball heavy, and to vi¬ 
brate but in small arcs. These are the usual means em¬ 
ployed in England ; the cycloidal checks being generally 
neglected. See the foregoing article. 

Pendulum clocks resting against the same rail have 
been found to influence each other’s motion. Sec the 
Philos. Traps. No. 453, sect. 5 and O', where Mr. Ellicott 
has given a curious and exact account of this phenomenon. 

Pendulum Royal, a name used among us for a clock, 
whose pendulum swings seconds, and goes 8 .lays without 
winding up; showing the hour, minute, and second. 1 he 
numbers in sucli a piece are thus calculated. I'irst cast 
up the seconds in 12 hours, which are the beats in one turn 
of the great wheel ; and they will be found to be 43200 = 
12 x 00 x 60 . The swing-wheel must be 30, to swing 
GO seconds in one of its revolutions ; now let the half of 
43200, viz 2l600, be divided by 30, and the quotient will 
be 720, which must be separated into quo- 


by V fi'xi-d 'point, "can only i,V- ,ienu. ’ The first of tbc» .trust be 1*. fur- » > 
scribe circular arcs about it. * the great wheel, which moves routi oil 

Here M. Huygens contrived to fix the iron rod or wire, in 12 hours. Now 720 divided y _— 

which bears the ball or weight, at the top to a silken 
thread, placed between two cycloidal checks, or two 
little urcs of a cycloid, made of metal. Hence the mo¬ 
tion of vibration, applying successively from 011 c of those 
arcs to the other, the thread, which is extremely flexible, 
easily assumes the figure ol them, and by that means causes 
the ball or weight at the bottom to describe h just cy¬ 
cloidal arc. 


96 

64 

6o 


( 12 

1 8 
( .71 


30 


in 12 Hours, i'uw (.u 
gives 60 , which may also be conveniently 
broken into two quotients, us 10 and 6, or 
12 and 5, or 8 and 74; which last is most convenient: and 
if the pinions be all taken 8, the work will stand as above. 

According to this computation, the great wheel will go 
round ontffc in 12 hours, to show the hour ; the next wheel 
once in an hour, to show, the minutes ; and the swing- 
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wheel once in a minute, to show the seconds. SeeCLOCK- 
Vt'OIlK. 

Ballistic Pendulum. See Ballistic Pendulum. 

Level Pendulum. Sec Level. 

Pendulum IVwch. See NVatcii. 

PENETRABILITY, capability of being penetrated. 
Sec 1 M P fc N ET RADILITY. 

PENETRATION, the act by which one thing enters 
another, or takes up the place already possessed by ano¬ 
ther. The schoolmen define penetration the co existence 
of two or more bodies, so that one is present, or has its 
extension in the same place as the other. Most philoso¬ 
phers hold the penetration of bodies absurd, i. c. that two 
bodies should be at the same time in the same place; and 
accordingly impenetrability is laid down as one of the es¬ 
sential properties of matter.—What is popularly called 
penetration, only amounts to the matter of one body’s 
bein" admitted into the vacuity or pores of another. Such 
is the penetration of water through the substance, of gold. 

PENINSULA, in Geography, is a portion or extent of 
land which is nearly surrounded villi w ater, being joined 
to tiie continent only by an isthmus, or narrow neck. 
Such is Africa, the greatest peninsula in the world, w hich 
is joined to Asia by an isthmus at the extremity of the 
Red Sea ; such also is Peloponnesus, or the Morea, joined 
to Greece : and Jutland, &c. Peninsula is the same with 
what is otherwise called Chcrsonesus. 

PENNY, a well-known copper coin, being the 12th 
part of a shilling. The penny was formerly a silver coin 
first struck in England by our Saxon ancestors, being the 
240th part of their pound, and its true weight was about 
22i grains troy. 

In Ethcldred’s time, the penny was the 20th part of the 
troyounce, and equal in weight to our three pence ; which 
value it retained till the time of Edward III. 

Till the time of King Edward the first, the penny was 
struck with a cross so deeply sunk in it, that it might, on 
occasion, be easily broken, and parted into two halves, 
thence called halfpennies ; or into four, thence called 
fourlhings, or farthings. But that prince coined it without 
the cross ; instead of which he struck round halfpence 
and furthings. Though thore arc said to be instances of 
such round halfpence having been made in the reign ot 
Ilcnry the first, if not also in that of the two Williams. 

Edward the first also reduced the weight of the penny 
to a standard; ordering that it should weigh 32 grains of 
wheat, taken out of the middle of the car. This penny 
was called the penny sterling; and 20 of them were to 
weigh an ounce ; w hence the penny became a weight as 
well as a coin. 


At Hamburg, Nuremberg, &c, the penny, or pfennig of 
account; is equal to the French penny Tournois. Of 
these, 8 make the kri&uk ; and fiO the florin of those ci¬ 
ties ; also 90 the French crown, or 4s. fid. sterling. 

Penny -Weight, a troy weight, being the 20th part of 
an ounce, containing 24 grains; each grain weighing a 
grain of wheat gathered out of the middlyof the ear, well 
•tried. The name took its rise from its being actually the 
weight of one of our ancient silver pennies. See the fore- 


soing article. 


PENTAGON, in Geometry, a plane figure consisting 
of five angles, and consequently live sides also. If the 
angles be all equal, it is a regular pentagon. It is a re¬ 
markable property ol the pentagon, that its side is equal 
in power to the sides of a hexagon and a decagon inscribed 
in the same circle; that is, the square of the side of the 
pentagon, is equal to both the squares taken together of 
the sides of the other two figures; and consequently those 
three sides will constitute aright-angled triangle. Euclid, 
1.13, prop. 10.—Pappus has also demonstrated, that 12? 
regular pentagons contain more than 20 triangles inscribed 
in the same circle; lib. 5, prop 45.—'1 he dodecahedron, 
which is the fourth regular body or solid, is contained un¬ 
der 12 equal and regular pentagons. 

To find the Area of a Regular Pentagon. Multiply 
the square of its side by 1*720+774, or by -J ot the tan¬ 
gent of 54°,or by £^(1 ■** f \ /3 )' Hcnce » 3 denote »he 
side of the pentagon, its area will be 1*7204774» 4 = 

T*V( » -+- -ty/5) = I s * * tan 5 54 °* 

PENTAGRAPH, otherwise called a parallelogram, a 
mathematical instrument for copying designs, prints, plans. 
Sic, in any proportion. The common pentagraph (plate 24, 
fig. 2) consists of four rulers or bars, of metal or wood, 
two of them from 15 to 18 inches long, the other two half 
that length. At.the ends, and in the middle, of the long 
rulers, as also at the ends of the shorter ones, are holes, 
on the exact fixing of which the perfection of the instru¬ 
ment chiefly depends. Those in the middle of the long 
rulers, arc to bent the same disluncc from those at the end 
of the long ones, and those ot the short ones ; so that, 
when put together, they may always make a parallelogram. 

The instrument is fitted together for use, by several 
little pieces, particularly a little pillar, No. 1, having at 
one end a nut and screw, joining the two long rulers toge¬ 
ther ; and at the other end a small knot for the instrument 
to slide on. The piece No. 2 is a rivet with a screw and 
nut, by which each short ruler is fastened to the middle 
of each long one. The piece No. 3 is a pillar, one end of 
which, being hollowed into a screw, has a nut fitted to it; 
and at the other end is a worm to screw into the table; 
By the 9th of Edward the 3d, it was diminished to the when the instrument is to be used, it joins the ends of the 
2fith part of the troy ounce ; by the 2d of Henry the 6th two short rulers. The piece No.’4 is a pen, or pencil, or 
it was the 32d part; by the 5th of Edward the 4th, it be- portcrayon, screwed into a little pillar. Lastly, the picco 
came the 401I1, und also by the 36th of Henry the 8th, and No. 5 is a brass point, moderately blunt, screwed likewise 
nfterwards, the 45th ; but by the 2d of Elizabeth, fiO pence into a little pillar. . 

were coined out of the ounce, and during her reign C2, Use of the Pentaorapii.—- 1. Tq copy a design in the 
which last proportion is still observed in our times. * -fe same size or scale as the original. Screw the worm No. 3 
The French penny, or denier, is of two kind$T the Paris into the tabic ; lay a paper under the pencil No. 4, and 

. ~ * - - J * L --~ c ,n - the design under the point No. 5. This done, conduct the 

point over the several lines and parts of the design, and the 
pencil will draw or repeat the same on the paper 


penny, called denier Parisis; and the penny of Tours, 
called denier Tournois. 

The Dutch penny, called pennink, or pening, is a real 
money, worth about one-fifth more than the French penny 
Tournois. The pennink is also used as a money of ac¬ 
count, in keeping book,* by pounds, florins, and patards ; 
12 penninks make the patard, and 20 patards the florin. 


2. When the design is to be reduced, for example to half 
the scale ; the worm must be placed at the end ot the long 
ruler No. 4, and the paper and pencil in the middle. In 
this situation conduct the brass point otcr the scvqr&l lines 



PER 


C «<*> ] 


PEN 

of the design, as before \ and the pencil at the same time 
will draw its copy in the proportion required ; the pencil 
here only moving half the lengths that the point moves. 

On the contrary, when the design is to be enlarged 
to a double size ; the brass point, with the design, must be 
placed in the middle at No. 3, the pencil and paper at the 
end of the long ruler, and the worm at the oilier end. 

+. To reduce or enlarge in other proportions, there are 
holes drilled atequal distances on each ruler; viz,all along 
the short ones, and half way of the long ones, for placing 
the brass point, pencil, and worm, in a right line in them; 
i. c. if the piece carrying the point be put in the third 
hole, the other two pieces must be put each in its third 
hole ; \c. 

PENTANGLE, a plane figure of five angles, or the 
same as the Pentagon. 

PENUMBRA, in Astronomy, a faint or partial shade, 
in an eclipse, observed between the perfect shadow, and 
the full light. The penumbra arises from the magnitude 
of the sun’s body : were he only a luminous point, the 
shadow w ould be all perfect ; but by icason of the diame¬ 
ter of the sun it happens, that a‘place which is not illu¬ 
minated by the whole body of the sun, may yet receive rays 
from some part of it. Thus, suppose s the sun, and t the 
inoon, and the shadow of the latter projected on a plane, 
as Gil (plate 24, fig. 3). The true proper shadow of t, 
viz on, will be encompassed with an imperfect shadow, or 
penumbra, iil and «E, each portion of which is illu¬ 
minated by an entire hemisphere of the sun. 

The degree of light or shade of the penumbra, will be 
more or less in different parts, as those parts lie open to the 
rays of a greater or less part of the sun’s body : thus, from 
I, to H, and from E too, the light continually diminishes; 
in the confines of g and ti, the penumbra is darkest, 
and becomes lost and confounded with the total shade ; as 
near e and L it is thin and confounded with the total 

light, i • 

A penumbra must be found in all eclipses, whether of 
the sun, the moon, oi^ie other planets, primary or se¬ 
condary ; but it is most' considerable with us in eclipses 
of the sun ; which is the case here referred to. 

To determine how much of the surface of the earth can 
be involved in the pcrAimbra, let 
the apparent semidiameter of the sun 
be supposed the greatest, or about 
16 ' 20 ", which is when the earth is 
in her perihelion ; also let the moon 
be in her apogee, and therefore at 
her greatest distance front the earth, 
or about 64 of the earth’s semidia¬ 
meters. Let knc be the earth, t 
the moon, and mkn the penumbra, 
involving the part of the earth from 
K to n, which it is required to find. 

Here then arc given the angle 
sue = 16' 20", TC = 64, KC = 1, 
and ot = xb of kc. Hence; in the right-angled triangle 
otm, as sin- out : radius :;ot;tu e 2 IO|ot = 58kc 
nearly. Therefore uc = mt + tc = 58 ■+■ 64 = 122 
semidiameters of the earth. Then, in the triangle kmc, 
there are given kc = i, an.l mc = 122, also the angle 
kmc = 16 ' 20", to find the angle c ; thus, as 
kc : mc :: sin. ^kmc: sin. Z.MKP = 35° 25’ 35’; 
from-this take the angle Z.kmc - 0 l6 20, 

leaves the Z.C - - < - 35 9 11, 
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the double of which is the arc ks 70° 18' 22 ”, # 
or nearly a space ol 4800 miles in diameter. 

PERAMBULATOR, an instrument for measuring di¬ 
stances ; called also pedometer, way-wiser, and surveying 
wheel. This wheel is contrived to measure out a pole, or 
16 *. feet, in making two revolutions ; consequently its cir¬ 
cumference is feet, and its diameter 2 620 feet,or 2 feet 
51 inches and parts, very nearly. It is cither driven 

forward by two handles, by a person walking ; or is drawn 
by a coach wheel, &c, to which it is attached by a pole. 
It contains various movements, by wheels,or clock-work, 
with indices on its face, which is like that of a clock, to 
point out the distance passed over, in miles, turlongs, poles, 
yards, &c. Its advantages are, its readiness and expedi¬ 
tion ; being very useful lor measuring roads and great di¬ 
stances on level ground. See the fig. plate 21, fig. 6 . 

PERCH, in Surveying, a square measure, being the 40th 
part of a rood, or the lO'Otli part of an acre; that is, the 
square of a pole or rod, of the length of 5} yards, or 164 
feet. 

Perch is by some also made to mean a measure of 
length ; being the same as the rod or pole of 5* yards or 
l 6 | feet long. But it is better, for preventing confusion, 
to distinguish them. 

PERCUSSION, ’ in Physics, the impression a body 
makes in falling or striking upon another; or the shock or 
collision of two bodies, which meeting alter each other’s 
motion.—Percussion is either direct or oblique. It is also 
cither between elastic or nonclastic bodies, which have 
each their different laws, it is true, we know of no bodies 
in nature that are either perfectly clastic or the contrary j 
but all partaking of that property in different degrees; even 
the hardest and the softest being not entirely divested of it. 
But, for the sake of perspicuity, it is usual, und proper, 
to treat of these under two distinct heads. 

Direct Percussion is that in which the impulse is made 
in the direction of a line perpendicular at the place of im¬ 
pact, and which also passes through the common centre ot 
gravity of the two striking bodies. As is the case in two 
spheres, when the line of the direction of the stroke passes 
through the centres of both spheres ; for then the same 
line, joining their centres, passes perpendicularly through, 
the point of impact. And 

Oblique Percussion, is that in which the impulse is 
made in the direction of a line that docs not pass through 
the common centre of gravity of the striking bodies; 
whether that line of direction is perpendicular to the place 
of impact, or not. The force of percussion is the same as 
the momentum, or quantity of motion, and is represented 
by the product arising from the mass or quantity of matter 
moved, multiplied by the velocity of its motion ; and that 
without any regard to the time or duration of action; for 
its action is considered totally independent of time, or but 
as for an instant, or an infinitely small time. 

This leads us to considera question that bos been greatly 
canvassed among philosophers and mathematicians, viz, 
what is the relation between the force of percussion and 
mere pressure or weight? Now let m denote any mass, 
body, or wdight, having no motion or velocity, but simply 
its pressure; then will that pressure or force he denoted 
by m itself, if it be considered as acting for some certain 
finite assignable time ; but, considered as a force of per¬ 
cussion, that is, as acting but for an infinitely small time, 
its velocity being 0, or nothing, its percussive force will be 
0 x m, that is 0 , or nothing; and is therefore incompa¬ 
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rablc with any percussive force whatever. But if we con- Those however that take the contrary side of the ques- 
sider the two forces, viz, of percussion and pressure, with tion ; in answer to what is above stated, make the follow- 
respect to llicelTects they produce : we shall find that there ing reply. We do not, say they, contend lor the absolute 
are instances in which they appear to resemble each other, comparability of percussion and pressure ; all we assert is. 
Those who argue that the two forces arc totally incompa- .that there are instances in which they producesimilar effects, 
rablc both in their nature and effects, support their hypo- and as forces can only be compared by their effects, it is 
thesis in the following manner. The intensity of any force improper to consider them as absolutely incongruous : it 
is very properly estimated by the effect it produces in a is true that percussion is a momentary cause, but the effect 
given time : but the effect of the pressure >i, in 0 lime, or it produces is not instantaneous ; thus the blow of a hum¬ 
an infinitely small time, is nothing at all ; that is, it will mer may be considered as acting for an indefinitely small 
not, in an infinitely small time, produce, for example, any portion of time, but the effect it produces can only be com¬ 
motion, either in itself, or in any other body : its intensity plcte after a certain finite time ; and if, in this time, a cer- 
therefore, as its effect, is infinitely less than any the smallest tain quantity of pressure w ill producc the same motion in 
iorcc of percussion. It is true, indeed, that wc see motion any body, then it follows that there may be instances in 
end other considerable effects produced by mere pressure, w hich the effects of these two lorces arc equal, and colise¬ 
um! to counteract which requires the opposition of some cjuently that they arc comparable with each other: and 
considerable percussive force: but then it must be ob- to this it may be farther added, that though wc allow per- 
served, that the former lias been an infinitely longer time cussion to be an instantaneous force, yet, must that body 
than the latter in producing its effect; and it is no wonder by which it is communicated have been in motion for a 
in mathematics that an infinite number of infinitely small certain time, in order to have attained the velocity with 
quantities makes up a finite one. It has therefore only which it strikes, and to which alone wc attribute its supe- 
been for want of considering the circumstance of time, that rior force ; there seems therefore no reason why pressure 
any question could have arisen on this head. Hence it is should not be allowed to act lor the same time in any cases 
said that these two forces arc related to each oilier, only when wc arc comparing the effect of the two forces with 
as a surface is to a solid or body : by the motion of the each other. In fact, the difference between percussion and 
surface through an infinite lAimbcr of points, or through a pressure seems to consist in this, that, in the latter force, 
finite right line, a solid or body is generated : and by the the whole mass of the body is acting by continual and 
action of the pressure for an infinite number of moments, successive impulses, whereas in the former, these efforts, 
or for some finite time, a quantity equal to a given pcrcus- as it were, are all collected into one sum, and then instan- 
sive force is generated : but the surface itself is infinitely tancously applied. And the reason why they Ho not pro- 
less than any solid, and the pressure infinitely less than ducc the same effect is, that when any resistance to motion 
any percussive force. This point, say they, may be easily is made, either by friction or otherwise, a certain force i» 
illustrated by some familiar instances, which prove at least necessary to overcome the opposing force, before any ab- 
thc enormous disproportion between the two forces, if not solute motion can ensue, and no force short of that by 
also their absolute incompnrability. And first, the blow which the body is opposed will produce any effect what- 
of a small hammer, upon the head of a nail, will drive the ever, however often it may be repeated; and therefore, 
nail into a board ; when it is hard to conceive any weight when the opposing*force is greater than the pressing 
so great as will produce a like effect, i. e. that will sink the force, no motion can ensue; but the momentum of the 
nail as far into the board, at least unless it is left to act for moving body, or the percussion,y;«*ing as it were the «c- 
a very considerable time : and even after the greatest cumulated sum of all the successive efforts of the pressing 
weight lias been laid as a pressure on the head of the nuil, body, there is a sufficient quantity of action, first to over- 
and has sunk it as far ns it can as to sense, by remaining coinc the opposing force, and the overplus is thcti cm- 
for a long time there without producing any farther sen- ployed in the generation of motion. It is therefore to this 
siblc effect; let the weight be removed from the head of. circumstance that wc must attribute the apparent incon- 
the nail, and instead of it, let it be struck a small blow gruity of percussion and pressure, and not to any existing 
with a hammer, and the nail will immediately sink farther difference in the nature of the two forces; for the very 
into the wood. Again, it is also well known, that a ship- same cause will also prevent the comparison of a greater 
carpenter, with a blow of his mallet, will drive a wedge in and less percussive force. For example, after a pile-engine 
below the greatest ship, lying aground, and so overcome has been employed for a certain time in driving a pile, 
her weight, and lift her up. Lastly, let us consider a man until its action upon it is very trifling, it would be in vain 

with a club to strike a small ball, upwards or in any other for a man w ith u mallet, to endeavour to drive the pile an 

direction ; it is evident that the ball will acquire a certain inch lower, because be could not produce such a momen- 
deterinmatc velocity by the blow, suppose that of 10 feet per turn as is equivalent to the resisting force acting against 
second, or minute, or any other time whatever: now it is the pile, and consequently it would remain in its place, 

a law, universally allowed in the communication of motion, however long his efforts may continue, for the effect of 

that when different bodies arc struck with equal forces, the each blow ceases with it, and none of these, taken singly, - 
p velocities communicated are reciprocally as the weights of having any motion, the same is true whatever may be the 
the bodies that arc struck ; that is, that a double body, or number of times that they arc repeated; hut if the ram 
weight, will acquire half the velocity from an equal blow; of the pile-engine be again employed, the desired effect 
a body 10 times us great, one 10th of the velocity ; a body may be produced : the effect of this last then, in this Case, 
100 times as great, the 100th part of the velocity; a body is infinitely greater than the former, yet no one will be 
a million times as great, the millionth part of the velocity ; bold enough to assert that these two percussive forces nro 
and so on without end : whence it follows, that there is no absolutely incomparable on this account, 
body or weight, how great soever, but will acquire some Much more might be advanced in support of the hypo- 
finite degree of velocity, and be overcome, by any given thesis, that pressure and percussion are not inicongruoy* 
small finite blow, or percussion. 
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in their nature, and that we are only prevented from com¬ 
paring them, or their effects, by certain circumstances that 
arise in the application of the two forces to practical pur¬ 
poses. 

The nature and laws of percussion have been investi¬ 
gated by Aristotle, Galileo, Descartes, Huygens, and others. 
Aristotle started the idea that percussion and weight are 
not comparable; ar.d most moderns have acquiesced in 
that opinion. 

It appears that Descartes had some ideas of the laws of 
percussion ; though it must be acknowledged, in some coses 
perhaps wide of the truth. The first who gave the true 
laws of motion in non-elastic bodies, was Doctor Wallis, 
in the Philos. Trans, numb. 43, where he also shows the 
true cause of reflections in other bodies, and proves that 
they proceed from their elasticity. Not long after, the 
celebrated sir Christopher Wren and Mr. Huygens im¬ 
parted to the Itoyal Society the laws that arc observed by 
perfectly elastic bodies, and gave exactly the same con¬ 
struction, though each was ignorant of what the other had 
done. And all those laws, thus published in the Philos. 
Trans, without demonstration, were afterwards demon¬ 
strated by Dr. Keill, in his Philos. Leet. in 1700; and 
they have since been .followed by a number of other 
authors. 

We have before observed that in percussion, we distin¬ 
guish at least three several kinds of bodies ; the perfectly 
hard, the perfectly soft, and the perfectly elastic. The 
two former arc considered as utterly void of elasticity ; 
having no force to separate them, or throw them off from 
each other again, after collision ; and therefore either re¬ 
maining at rest, or else proceeding uniformly forward to¬ 
gether as one body or mass of matter. The laws of per¬ 
cussion therefore to be considered, arc of two kinds: those 
for elastic, and those for non-elastic bodies. 

The one only general principle, for determining the mo¬ 
tions of bodies from percussion, and which belongs equally 
to both the kinds of bodies, i.c. both the elastic and non¬ 
elastic, is this: viz, that there exists in the bodies the same 
momentum, or quantity of motion, estimated in any one 
and the same direction,.both before the stroke and after 
it. And this principle is the immediate result of the third 
law of nature or motion, that reaction is equal to action, 
and in a contrary direction ; whence it happens that what¬ 
ever motion is communicated to one body by the action of 
another, exactly the same motion doth this latter lose in 
the same direction, or exactly the-same does the former 
communicate to the latter in the contrary direction.—• 
From this general principle too it results, that no altera¬ 
tion takes place in the common centre of gravity of bodies 
by their actions on one another; but that the said com¬ 
mon centre of gravity perseveres in the same state, whether 
of rest or of uniform motion, both before and after the 
shock of the bodies, * 

Now, from either of these two laws, viz, that of the pre¬ 
servation of the same quantity of motion, in one and the 
same direction, and that of the preservation of the same 
state of the centre of gravity, both before and after' the 
thock, all the circumstances of the motions of both the 
kinds of bodies after collision may be estimated ; in con¬ 
junction with their own peculiar and separate constitu- 
• lions, namely, that of the one sort being elastic, and the 
other nonclaslic. 

The effect# of these different constitutions, here alluded 
to, are these; that nonelastic bodies, on their shock, will 


adhere together, and cither remain at rest, or else move 
together as one mass with a common velocity ; or if clastic, 
they will separate after the shock with the very same rela¬ 
tive velocity with which they met each other. The for¬ 
mer of these consequences is evident, viz, that nonelastic 
bodies keep together as one mass after they meet; because 
there exists no power to separate them ; and without a 
cause there can be no effect. And the latter consequence 
results immediately from the very definition and essence 
of elasticity itself, being a power always equal to the force 
of compression, or shock; and which restoring force 
therefore, acting the contrary way, will generate the same 
relative velocity between the bodies, or the same quantity 
of motion, as before the shock, and the same motion also 
of their common centre of gravity. 



To apply now the general principle to the determination 
of the motions of bodies after their shock ; let b and b be 
any two bodies, and v and r their respective velocities, 
estimated in the direction ad; which quantities v and v 
will be botli positive if the bodies both move towards d, 
but one of them as v will be negative if the body b move 
towards a, and v will be = 0 if the body b be at rest. 
Hence then nv is the momentum of b towards d, and 
bv is the momentum of b towards d, whose sum is bv -4- 
bv y which is the whole quantity of motion in the direction 
ad, and which momentum must also be preserved after 
the impact. 

Now if the bodies have no elasticity, they will move 
together as one mass b -f- b after they meet, with some 
common velocity, which call y, in the direction ad; 
therefore the momentum in that direction after the shock, 
being the product of the mass and velocity, will be (b b) 
x y. IJut the momenta, in the same direction, before and 
after the impact, arc equal, that is bv bv = (b -4- b)y ; 
from which equation any one of the quantities may be de¬ 
termined, when the rest arc given. So, if we would find tho 

common velocity after the stroke, it will bey = B ^-p 

equal to the sum of the momenta divided by the sum of 
the bodies ; which is also equul to the velocity of tho 
common centre of gravity of the two bodies, both before 
and after the collision. r l lie signs of the terms, in this value 
ofy, will he all positive, as observed above, when the bodies 
move both the same way ad; but one term bv must be 
made negative when the motion of b is in the contrary di¬ 
rection; and that term will be absent or nothing, when b 
is at rest, before the shock. 

Again, for the case of elastic bodies, which will separate 
after the stroke, with certain velocities, x and z, vix, x the 
velocity of b, and z the velocity of b after the collision, 
both estimated in the direction ad, which quantities will 
be cither positive, or negative, or nothing, according to 
the circumstances of the masses n and 6, with those of 
tlicir celerities before the stroke. Hence then bx and bz 
are the separate momenta after the shock, and bx -f- bz 
their sum, which must be equal to the sum bv bv in 
the same direction before the stroke: also s — x is the 
relative velocity with which the bodies separate after the 
blow, and which must be equal to v — v the same with 
which they meet; or, which is the same thing, that r x 
an that is, the sum of the two velocities of the one 

body, is equal to the sum of the velocities of the other, 

Z 2 
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taken before and after the stroke; which is another re¬ 
markable theorem. Hence then, for determining the two 
unknown quantities x and z, there arc these two equations, 

viz, nv + trv = bx bz y 
and v — v = z — x ; 
orv x ss p z ; 

the resolution of which equations gives those two veloci¬ 
ties, as below, 

. • Qlu -r (U — b)\ 

VIZ, x = - - - , 

9 B + 0 


since all bodies act upon one another. And hence also it 
is manifest, that the common centre of gravity of the whole 
solar system must always preserve its original condition, 
whether it be of rest or of uniform motion ; since the slate 
of that centre is not changed by the mutual actions of 
bodies on each other, any more than their quantity of 
motion, in one and the same direction. 

What may have led authors into the mistake above 
alluded to, which they bring no proof of, seems to be the 
discovery of M. lluygens, that the sums of the two pro- 


, 2 ii v— r fl — b)v 

and z =--- 

n /• 

From these general values of the velocities, which are 
to be understood in the direction ad, any particular cases 
may easily be drawn. As, if the two bodies B and b be 
equal, then B — 4 = 0, and b -+- b = 2b, and the two 
velocities in that case become, after impulse, x = r, and 
z = v, the very same as they were before, but changed 
to the contrary bodies, i. e. the bodies have taken each 
others velocity that it had before, and with the same sign 
also. So that, if the equal bodies were before both moving 
the same way, or towards D, they will do the same after, 
but with interchanged velocities. Hut if they before moved 
contrary ways, b towards D, and b towards a, they will re¬ 
bound contrary ways, n back towards a, and b towards d, 
each with the other's velocity. And, lastly, if one body, 
as b , were at rest before the stroke, then the other b will 
beat rest after it, and b will go on with the motion that 
B had before. And thus may any other particular cases 
be deduced from the first general values of r and z . 

We may now conclude this article with some remarks 
on these motions, and the mistakes of some authors con¬ 
cerning them. And first, \vc observe this striking difference 
between the motions that arc communicated by clastic and 
by nonelastic bodies, viz, that a nonelastic body, by strik¬ 
ing, communicates or continues exactly its whole momen¬ 
tum in the direction of its motion ; as is evident. But the 
stroke of an clastic body may cither communicate its whole 
motion to the body it strikes, or it may communicate only 
a part of it, or it may even communicate more than it had, 
so to speak. For, if the striking body remain at rest after 
the stroke, it has just lost all its motion, and therefore 
lias communicated all it had; and if it still move forward 
in the same direction, it has still some motion left in that 
direction, and therefore has only communicated a part of 
what motion it had ; but if the striking body rebound 
back, and move in the contrary direction, the other body 
has received not only the whole of the motion that the 
first had, but also as much more as the first has acquired 
in the contrary direction. 

It has been denied by some authors, and in the Ency¬ 
clopedic, that the same quantity of motion remains after 
the shock, as before it ; and hence they seize an opportu¬ 
nity to reprehend the Cartesians for making that assertion, 
which they do, not only with respe.ct to the case of two 
bodies, but also of all the bodies in the whole universe. 
And yet nothing is more true, if the motion be considered 
as estimated always in one and the same dirccion, ac¬ 
counting that as negative, which is in the contrary or op¬ 
posite direction. For it is a general law of nature, that 
no motion, nor force, can be generated, nor destroyed, 
nor changed, but by some cause which must produce an 
equal quantity in the opposite direction. And this IxAng 
the case in one body, or two bodicsj it must necessarily 
be the case in all bodies, and in the whole solar system, 


ducts arc equal, both before and after the shock, that arc 
made by multiplying each body by the square of its ve¬ 
locity, viz, that dv 2 -4- bv 2 = bz 2 -4- bz 1 , where v and v 
are the velocities before the shock, and x and z the velo¬ 
cities after it. Such an expression, namely the product of 
the mass by the square of the velocity, is called the vis 
viva, or living force; and hence it has been inferred that 
the whole vis viva before the shock, or bv* ■+■ bv 2 , is 
equal to that after the stroke, or bz : -4- bz 2 ; which is in¬ 
deed very true, as will be shown presently. But when they 
hence infer, that therefore the forces of bodies in motion 
are as the squares of the velocities, and that there is not 
the same quantity of motion between the two striking bo¬ 
dies, both before and after the shock, they arc grossly 
mistaken, and thereby show that they are ignorant of the 
true derivation of the equation dv 2 -4- bv * = bx 2 -4- bz 2 . 
For this equation is only a consequence of the very prin¬ 
ciple above laid down, and which is not acceded to by 
those authors, viz, that the quantity of motion is the same 
before and after the shock, or that bv -4- bv ss bx bz, 
the truth of which last equation they deny, because they 
think the former one is true, never considering that they 
may be both true, and much less that the one is a conse¬ 
quence of the other, and derived from it; which how¬ 
ever is now found to be the case, as is proved in this 
manner : 

It has been shown that the sum of the two momenta, 
in the same direction, before and after the stroke, arc 
equal, or that bv -4- bv = bx -4- bz; and also that the 
sum of the two velocities of the one body, is equal to the 
sum of those of the other, or that y -4- x =z v - 4 - z ; and 
it is now proposed to show that from these two equations 
there results the third equation bv- - 4 - bv 2 — bx 2 + bz *, 
or the equation of the living forces. 

Now because bv - 4 - bv — bx - 4 - bz, by transposition 
it is - - bv — bx = bz — bv; which shows 
that the difference between the two momenta of the one 
body, before and after the stroke, is equal to the diffe¬ 
rence between those of the other body ; which is another 
important theorem. But now, to derive the equution of 
the vis viva, set down the two foregoing equations, und 
multiply them together, so shall the products give the 
said equation required; thus, 

Mult, bv — bx = frs*— bv , the cquat. of the momenta, 
by v - 4 - x ss z v, the equat. of the velocities, 

produc. bv 2 — bx* = bz * — bv 2 , 
or bv 1 - 4 - bv 2 = bx* - 4 - bz 2 , 

the very equation of the vis viva required. See Kcill’s 
Lect. Philos, sect. 14, tbcor. 29, at the end. And for the 
geometrical determinations after impact, sec the article 
Collision. 

When the elasticity of the bodies is not perfect, but 
only partially so, as is the cose with all the bodies we 
know of, the determination of the motioM|Aftcr collision 
may be determined in a«similar manner. IffSjus cose also 
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the sum of the momenta will still be the same, both be¬ 
fore and after collision, but the velocities after will be less 
than in the case of perfect elasticity, in the ratio of the 
imperfection. Hence, with the same notation as before, 
the two equations will now be uv ■+■ bv = bx -+- by, and 

v _ D — (y — x ), where m ton denotes the ratio of 

perfect to imperfect elasticity. And the resolution ol 
these two equations, give the following values of x and_y, 

viz, r = v-— . — . (V — c), y = r h- ——. 


u + I 


(v — r), for the velocities of the two bodies after 

impact, in the case of imperfect elasticity ; which would 
become the same as the former if n were = m. 

Hence, if the two bodies n and b be equal, then 


Til 


II 


(v — r), and y = v -h 


m 


(V - p), 


1 = v —~ • x _ 

where the velocity lost by u is just equal to that gained 
by b. And if in this case b was at rest belore the impact, 
viz v = 0, then the resulting motions would be 


m — n 


T = 


•2 Til 

m — n to m -«- n. 

Also, if m = n, or the bodies perfectly elastic, then 
x = 0, and y = v; that is, n would be at rest, and b go 
on with the first motion of b.— Further, in this case also, 
the velocity of b before the impact, is to that of b after it, 

But if the bodies be 


.v, and y = 


in 


n 


am 


v, which arc in the ratio of 


as v to 


v, or as 2 m to m -+- n. 


'2 m ' 

now supposed to vibrate in circles, as pendulums, in 
which case the chords (c and c) of the arcs described, arc 
known to be proportional to the velocities; then it will 
be Qm : tn + n :: c : c; hence m : n : : c : 2c — c. So 
that, by measuring these chords, of the arcs thus experi¬ 
mentally described, the ratio of m to n, or the degree of 
elasticity in the bodies, may be determined. 

Centre qf Percussion, is the point in which the shock 
or impulse of a body wbjch strikes another is the greatest 
that it can be. See Centre-—T he centre of percussion 
is the same as the centre of oscillation, when the striking 
body moves round a fixed axis. See Oscillation.—B ut 
if all the parts of the striking body move with a parallel 
motion, and with the same velocity, then the centre of 
percussion is the same as I lie centre of gravity. 

PERFECT Number, is one that is equal to the sum 
of all its aliquot parts, when added together. Eucl. lib. ✓, 
def. 22. As the number 6, which is = 1 2 3* 

the sum of all its aliquot parts ; also 28, lor 
28 = 14, the sum of all its aliquot parts. 

—It is proved by Euclid, in the last prop, of book tbegtli, 
that if the common geometrical series of numbers 1, 2, 4, 
8 , 1 6 , 32, &c, be continued to such a number of terms, as 
that the sum of the said series of terms shall be a prime 
number, then the product of this sum by the last term of 
the series will be a perfect number. The same rule may 
be otherwise expressed thus: If n denote the number of 
terms in the given scrict 1,2,4, 8, &cc; then it is well 
known that the sum of all the terms of the scries is 2* — I, 
and it is evident that the last term is 2“-* : consequently 
the rule becomes thus, viz, 2*" 1 x (2* — 1) = a perfect 
number, whenever 2 n - 1 is a prime number. 

Now the sums of one, two, three, four,&c, terms of the 
series 1, 2, ^g^Acc, form the series 1, 3, 7, 15, 31, &c; 
to lUttllheffipber will be found perfect whenever the 


corresponding term of this scries is a prime, as 1, 3, 7, 3 l 
See. Whence the table of perfect numbers may be foun I 
and exhibited as follows; where the 1st column shows 
the number of terms, or the value of n; the 2d column is 
the last term of the senes 1, 2, 4, 8, «\*c, and is expiessed 
by 2°“*; the 3d column contains the corresponding sums 
of the said series, or the values ol the quantity 2 “ — 1; 
which numbers in this 3d column arc easily constructed 
by adding always the last number in this column to the 
next following number in the 2d column : and lastly, the 
4th column show's the correspondent perfect numbers, or 
the values of 2 0 ' 1 x (2" — 1), the product ol the num¬ 
bers in the 2d and 3*1 columns, when 2 r ‘ — 1, or the num¬ 
ber in the 3*1 column, i* a prime number ; the products m 
the other cases being omitted, as not perfect numbers. 


Values 
of n 

Values 
of 2 — ' 

Values 
of 2° - 1 

Perf. Numbers, 
or 2 1 x (2 n — 1) 

1 

1 

1 

1 

2 

2 

3 

6 

3 

4 

7 

2S 

4 

8 

15 


5 

16 

31 

496 

6 

32 

63 


7 

64 ! 

127 

8128 


Hence the fir>t four perfect numbers are found to be f>, 
2S, 49(), 8128; and thus the table might be continued to 
find others; but the trouble would be very great, for want 
of a general method to distinguish which numbers arc 
primes, as the case requires. Several learned mathemati¬ 
cians have endeavoured to facilitate this business, but 
hitherto with only a small degree of effect. After the 
foregoing four perfect numbers, there is a long interval be¬ 
fore any more occur. The first eight arc us follow, with 
the factors and products which produce them; being all 
the primes that arc yet known. 

The first perfect numbers. 

6 - - - - - 

28 - - 

496 . 

8128 .... 

33550336 - 

8589869056 - - - 

137+38691328 
2305843008139952128 

See several considerable tracts on the subject of perfect 
numbers in the Memoirs of the Petersburg Academy, vol. 
2 of the new vols, and in several other volumes. 

PERI^ECI. Sec Pekkt.ci. 

PERIG.EUM, or Perigee, is that point of the orbit 
of the sun or moon, which is the nearest to the earth. In 
which sense it stands opposed to apogee, which is the most 
distant point from the earth. 

Perigee, in the Ancient Astronomy, denotes a point 
in a planet's orbit, where the centre of its epicycle is at the 
least distance from the earth. 

PERIHHLION, Periiiehum, that point in the orbit 
of a planet or comet which is nearest to the sun. In 
which sense it stands opposed to aphelion, or aphelium, 


Their values. 

= (2 1 - 1) 2 
= (2 J - 1) 2'~ 
= (2 s - 1) 2* 
= (2 7 - 1) 2 6 
e= (2* 1 - 1) 2** 
= ( 2* 7 - 1 ) 2 ,<s 
= (2 19 — 1) 2 ,fc 
= (2 J ‘ - 1) 2 3 ° 
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which is the highest or most distant point from the sun. 
Instead of this term, the ancients used perigeum ; because 
they placed the earth in the centre. 

PERIMETER, in Geometry, the urnbit, limit, or outer 
bounds of a plane figure; being the sum of all the lines by 
which it is inclosed or formed. In circular figures, &c, 
instead of this term, the word circumference or periphery 
is used. 

PERIOD, in Astronomy, the time in which a star or 
planet makes one revolution, or returns ugain to the same 
point m the heavens. The sun’s, or properly the earth's 
tropical period, is 365 days 5 hours 48 minutes 45 seconds 
30 thirds. That of the moon is 27 days 7 hours 43 
minutes. That of the other planets as below.—There is a 
remarkable harmony between the distances of the planets 
from the sun, and their periods round him; the great law 
of which is, that the squares of the periodic times are al¬ 
ways proportional to the cubes of their mean distances 
from the sun. 

The periods, both tropical and sidereal, with the pro¬ 
portions of the mean distances of the several planets, areas 
follow: 


Planets. 

Tropical Periods. 

Sidereal Periods. 

Pro port. 
Ditls. 

Mercury - 

• 

S7 d 

23 h 

14' 

87 d 

23 h 16' 

36710 

Venus - - 

- 

224 

10 

42 

224 

16 

49 

72333 

Earth - - 

• 

365 

5 

4 9 

365 

6 

9 

100000 

Mars - - 

- 

686 

22 

18 

686 

23 

31 

152369 

Vesta - - 

m 

- 

- . 


- 

- 

- 

235513 

Juno - - 

• 

- 

- • 


- 

- 

- 

266400 

Pallas - - 

• 

1682 



- 

«» 

- 

276500 

Ceres - -• 

- 

1681 



- 

- 

- 

276700 

Jupiter - - 

•» 

•1330 

8 

58 

4332 

8 

51 

520110 

Saturn - - 

- 

10749 

7 

22 

10761 

14 

37 

953800 

Uranus - - 

- 

304.56' 

1 

41 

•» 

- 

- 

190 s ISO 


As to the comets, the periods of very few of them arc 
known. There is one however of between 75 and 76 years, 
which appeared for the last time in 1759; another was 
supposed to have its period of 129 years, which was ex¬ 
pected to appear in 1789 or 1790, but it did not; and 
the comet which appeared in 16*80 it is thought has its 
period of 575 years. 

Period, in Chronology, denotes an epoch, or interval 
of time, by which the years Rrc reckoned ; or a scries of 
years by which time is measured,.in different nations. 
Such arc the Calippic and Mctonic Periods, two different 
corrections of the Greek calendar, the Julian Period, in¬ 
vented by Joseph Scaligcr; the Victorian Period, &c. 

Calippic Period. See Calippic Period. 

Cunstaniinopolitan Period, is that used by the Greeks, 
and is the same as the Julian Period, which see. 

Chaldaic Period. See Sauos. 

Dionysian Period. Sec Victorian Period. 

HipparchuJs Period, is a series or cycle of 304 solar 
years, returning in a constant round, and restoring the 
new and full moons to the same day of the solar year; as 
Hipparchus thought.—This period arises by multiplying 
the Calippic period by 4. Hipparchus assumed the quan¬ 
tity of the solar year to be 365* 5 h 55 m I2 f ; and hence he 
concluded, that in 304 years Calippus’s period would err 
a whole day. He therefore multiplied the period by 4, 
and from the product cast away an entire day# But even 


this does not restore the new and full moons to the same 
clay throughout the whole period : they are sometimes an¬ 
ticipated l d S b 23 m 29* 20 thirds. 

Julian Period, so called as being adapted to the Julian 
year, is a series of 7980 Julian years; arising from the 
multiplications ol the cycles of the sun, moon, and indic¬ 
tion together, or tin- numbers 28, 19* 15 ; commencing on 
the 1st day of JanWry in the 764 th Julian year before the 
creation, and therefore is not yet completed. This com¬ 
prehends all other cycles, periods, and epochs, with the 
times of all memorable actions and histories; and there¬ 
fore it is not only the most general, but the most useful of 
all periods in chronology. 

As every year of theJulinn period has its particular solar, 
lunar, and indiction cycles, and no two years in it can 
have all these three cycles the same, every year of this 
period becomes accurately distinguished from another.— 
This period was invented by Joseph Scaligcr, as contain¬ 
ing all the other epochs, to facilitate the reduction of the 
years of one given epoch to those of another. It agrees 
with the Constnntinopolitan period, used by the Greeks, 
except in this, that the cycles of the sun, moon, and indic¬ 
tion, are reckoned differently; and that the first year of 
the Constantinopolitan period differs from that of the Julian 
period. To find the year answering to any given year of 
the Julian period, and vice versa; see Epoch. 

Mctonic Period. See Cycle of the Moon. 

Victorian Period, an interval of 532 Julian years ; at 
the end of which, the new and full moons return again on 
the same day of the Julian year, according to the opinion 
of the inventor Victorinus, or Victorius, who Jived in the 
time of pope Hilary. Some ascribe this period to Diony¬ 
sius Exiguus, and hence they call it the Dionysian period: 
others again call it the Great Paschal Cycle, because it was 
invented for computing the time of Easter. 

The Victorian period is produced by multiplying the 
solar cycle 28 by the lunar cycle 19> the product being 
532. But neither docs this restorc^bo new and full moons 
to the same day throughout its wlfblc duration, by l 4 l6 h 
58 m 59* 40 thirds. . . 

Period, in Arithmetic, is a distinction made by n 
point, or a comma, after every 6th place, or figure; and is 
used in numeration, for the readier distinguishing and 
naming the several figures or places, which are thus dis¬ 
tinguished into periods of six figures each. Sec NUME¬ 
RATION. 

Period is also used in arithmetic, in the extraction 
of roots, to point off, or separate the figures of the given 
number into periods, or parcels, of as many figures each 
as arc expressed by the degree of the root to be extracted, 
viz, of two places each for the square root, three for the 
cube root, and so on. 

PERIODIC, or Periodical, appertaining to period, 
or going by periods. Thus, the periodical motion of the 
moon, is that of her monthly period or course about the 
earth, called her periodical month, containing 27 days 7 
hours 45 minutes. 

Periodical Month . See Month. 

PERKECI, or Perkeci ans, in Geography, arc such 
as live in opposite points of the same parallel of latitude. 
Hence they have the same seasons at the same time, with 
the some phenomena of the heavenly bodies; but their 
times of the day arc opposite, or differ b y 12 hours, being 
noon with the one when it is midnight wUMhc other. 

PERIPATETIC Philosophy , the syst^^B philosophy 
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taught and established by Aristotle, and maintained by his 
followers, the Peripatetics. See Aristotle. 

PERIPATETICS, the followers of Aristotle. Though 
some derive their establishment Irom Plato himself, the 
master of both Xenocrates and Aristotle. 

PERIPHERY, in Geometry, is the circumference, or 
bounding line, of a circle, ellipse, or other regular curvi- 
lincal figure. See Circumference, and Chicle. 

PER1SCII, or Peiiiscians, those inhabitants of the 
earth, whose shadows do, in one and the same day, turn 
quite round to all the points of the compass, without dis¬ 
appearing.—Such are the inhabitants of the two tiozen 
zones, or who live within the compass of the arctic and 
antarctic circles ; for as the sun never sets to them, alter 
he is once up, but moves quite round about, so do their 
shadows also. 

PERISTYLE, in the ancient Architecture, a place or 
building encompassed with a row of columns on the inside; 
by which it is distinguished from the periptere, where the 
columns are disposed on tire outside. 

Peristyle is also used,by modern writers, for a range 
of columns, either within or without a building. 

PER1TROCHIUM, in Mechanics,is a wheel or circle, 
concentric with the base of a cylinder, and moveable to¬ 
gether with it, about un axis. The axis, with the wheel, 
and levers fixed in it to move it, make that mechanical 
power, called Axis in Peritrochio. 

PERMUTATIONS of ‘Quantities, in Algebra, denotes 
the different orders in which any quantities inay be ar¬ 
ranged ; thus, the permutation of the three quantities, 
a,b, c, taken two and two together, arc six ; as, aA, in, 
ac, ca, be, cb ; being thus distinguished from combinations, 
which only relate to the different collection of quantities 
without regard to their order, so that the combinations of 
the above three quantities arc .only three, as ub , ac, be. 
Therefore, having found the number of combinations of 
any number of things, we must then find the number of 
permutations that anyone combination will admit of, and 
the product of the tvvtauH be the number of permuta¬ 
tion. Or the numberoW»mutntion (p) of any number 
(n) of things, taken any i^^iber (r) at a time, may be 
obtained from the following general formula, or theorem, 
p = n x (n — 1) x (n — 2) x (n — 3) - - — - 
( n — r — I), while the numbers of combinations (c) of 
the same things, Liken the same number at a time, will 
be represented by _ 

__ n x (n-\) x (n - 1) x (n - 3) ----(» — r — ij 
c i x 3 x a x s ----*■ 

From the foregoing theorem it appears, that, the number 
of permutations or changes that can be made upon any 
number (n) of things taken together, that is, without 
considering tljcm as taken a certain number at a time, as 
the number of changes that may be made on a given nunfber 
of bells, &c, will be expressed by the continued product 

n x (a — I) x (n - 2) x (n - 3) &c.. (n — 

n 4- 1) ; and thus, the number of changes that may bo 
rung on 12 bells will be found to be expressed by the 
number 479001600. 

When there are a certain number of things of one sort, 
and a certaiu number of another, &c, to find the number 
of changes that can be made out of them all. 

Take the series 1 x 2 x 3 x 4 &c, up to the number 
of things given. Also the scries 1 x 2 x 3 &c, up to 
the number of things given of the first sort, and the same 
again for tbwmmibcr of the second sort, &c; then tba 


first product divided by the joint products of the Inst 
series will give the answer. Or calling n the whole num¬ 
ber of things ; r, s, t , &c, the number of each sort, and i* 
the number of permutations rcquiii d, we shall have 

1 ,x 3 x a x 4 x 3 - — - n _ 

— (1 x 1 x 3 . . T) x X -2 x J . . *) X 11 X 2 x a .. I) 

Hut if in this last problem, instead of supposing the 
permutations to take place among the number of things 
taken collectively, it was required to find the number of 
permutations of the same things, taken any given number 
of things at a time, the operation is more tedious ; and 
indeed the best rule that has yet been given for it, is little 
better than mere trial, being as follows:—Find all the dif¬ 
ferent forms of combination of all the given things, taken as 
many at a time as in the question ; then find the number 
of permutations in any form, and multiply it by the num¬ 
ber of combinations in that form. Do the same for every 
distinct form, and the sum of all the products will give 
the whole number of permutations required. 

But when only 'the number of combinations are re¬ 
quired as in the following question: To find the number 
of combinations that can be formed out of a given number 
of things, in which there arc m things of one sort, n things 
of another sort 9 p things of another sort, &c, by taken 1 
at a time, 2 at a time, &c, to any given number of thing* 
at a time. Then vve have a very simple rule which was 
given in No. 103 of Nicholson’s Philosophical Journal; as 
follows. 

Place in a horizontal row m ] units, annexing ciphers 
on the right hand, till the whole number of units and 
ciphers exceeds the greatest number of things to be taken 
at a time by unity. 

Under each of these terms write the sum of then 1 
left-hand terms, including that as one of them, under 
which the number is placed; and under each of these 
write the sum of the p -e 1 left-hand terms of the last line; 
and under each of these last the q ■+• i left-hand terms, 
and so on through all the number of different things ; then 
the last line will be the answer : that is, the second term 
shows the number of combinations taken I at a time, the 
third term the number of combinations taken 2 at a 
time, Sec. 

PERPENDICULAR, in Geometry, or Normal. One 
line is perpendicular to another, when the former meets 
the latter so ns to make the angles on both sides of it equal 
to each other. And those angles are called right angles. 
And hence, to be perpendicular to, or to make right- 
angles with, means out and the same thing. So, when 
the angle a bc is equal to the angle v . 

abd, the line ab is said to 1m* perpen¬ 
dicular, or normal, or at right angles 
to the line CD. - 

A line is perpendicular to a curve, 
when it is perpendicular to the tan¬ 
gent of the curve at the point of con- g- g -^ 

tact. 

. A line is perpendicular to a plane, j 

when it is perpendicular to every line _ : 

drawn in the plane through the bottom of the perpendi¬ 
cular. And one plane is perpendicular to another, when 
every line in the one plane Which is perpendicular to the 
line of their common section, is perpendicular* to the 
other plane. 

From the very principle and notion of a perpendicular, 
it follows, 1. That the perpendicularity it mutual, that 
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i«, if ilic first a n is perpendicular to the second ct>, then 
is the second perpendicular to the first.—2. 1 hat only 
one perpendicular can he drawn trom one point in the 
same plane.—3. That if a perpendicular be continued 
through the line it was drawn perpendicular to; the con¬ 
tinuation n e will also be perpendicular to the same.—1. 
That a line which is perpendicular to another line, is also 
perpendicular to all the parallels of the other.—5. 'I hat 
a perpendicular is the shortest of all those lines which 
can he drawn from the same point to the same right line. 
Hence the distance of a point fioin a line or plane, is a 
line drawn from the point perpendicular to the line 
or plane: and hence also the altitude of a figure is a per¬ 
pendicular let fall from the vertex to the base. 

To Erect a Perpendicular from a given point in a line. 

_ 1 . When the given point n is near the middle of the line; 

with any interval in the compasses take the two equal 
parts uc, ni>: and from the two centres c and n, with 
any radius greater than nc or hd, strike two arcs inter¬ 
secting in v ; then draw bva, which will be the perpendi¬ 
cular required. 

2. When the given point o is at or near the end of the 
line; with any centre i mid radius ic describe an arc 
HCiK through c; then u ruler laid by it and I will cut the 
arc in the point K, through which the perpendicular gk 
must he drawn. 




To let fall a Perpendicular upon a given line I.M from a 
given point n. With the centre n, and a convenient radi¬ 
us, describe an arc cutting the given line in L and M ; with 
these two centres, and any other convenient radius, strike 
two other arcs intersecting in o, the point through which 
the perpendicular nop must bo drawn. 

Perpendiculars arc best drawn, in practice, by means 
of a squure, laying one side of it along the given line, and 
the other to pass through the given point. 

Perpendicular, in Gunnery, is a small instrument 
used for finding the centreline of a piece, in the operation 
of pointing it to a given object. See Pointing of a Gun. 

Perpetual Motion. Sec Motion. 

Circle of Perpetual Occupation and Apparition. See 
Circle. 

Perpetual, or Endless, Scrrw. See Screw. 

PERPETUITY, in the Doctrine of Annuities, is the 
number of years in which the simple interest of any prin¬ 
cipal sum will amount to the same as the principal itself. 
Or it is the quotient arising by dividing 100, or any other 
principal, by its interest for one year. Thus, the perpe¬ 
tuity, at the rate of 5 per cent, interest, is =20; at 
4- per cent. X ^ Q = 25 ; &c. 

PERRY (Cuplain John), was n celebrated English 
engineer. After acquiring great reputation for his skill in 
this country, lie resided many years in Russia, having 
been recommended to the czar Peter while in England, as 
a person capable of serving him on a variety of occasions, 


relating to his new design of establishing a fleet, making his 
rivt-rs navigable, &c. His salary in this service was to be 
3001. per annum, besides travelling expenses and subsis¬ 
tence money on whatever service lie should be employed, 
with a further reward to his satisfaction at the conclusion 
of any work he-sbould finish. 

Alter some conversation with the czar himscll, parti¬ 
cularly respecting U communication between the rivers 
Volga and Don, lie was employed on that work for three 
summers successively; but not being well supplied with 
men, partly on account of the ill success of Peter’s aims 
against the Swedes at the battle of Narva, and partly by 
the discouragement of the governor of Astracan, he was 
ordered at the end of 170 / to stop, and next year was 
employed in refitting the ships at Veronise, and in 17Oy 
in making the river of that name navigable. But alter re¬ 
peated disappointments, and fruitless applications for his 
salary, he at length quitted the kingdom, under the pro¬ 
tection of Mr. Whitworth, the English ambassador, in 
1712. (See bis Narrative in the Preface to '1 he State of 
Russia.) 

In 1721 lie was employed in stopping the breach at 
Dagenham, made in the bank of the river Thames, near 
the village of that name in Essex, and about 3 miles below 
Woolwich, in which he happily succeeded, alter several 
other persons had laded in that undertaking. He was also 
employed, the same year, about the harbour at Dublin, 
and published at that time an Answer to the objections 
made against it.—Besides this piece, Cuptain Perry was 
author of The State' of Russia, 1716, Svo; and An Ac¬ 
count of the Stopping of Dagenham Breach, 1721, 8vo.— 
He died Feb. 11 tb, 1733. 

PERSEUS, a constellation of the northern hemisphere, 
being one of the, 48 ancient asleiisins.—The Greeks fabled 
that this is Perseus, whom they make the son of Jupiter 
by Danae. The father of that lady'had been told, that he 
should be killed by his grandchild, and having only Dnnao 
to take care of, he locked her up; blit Jupiter found his 
way to her in a shower of goldJtilrd Perseus verified the 
oracle. lie cut off also the UuMpiViv gorgon.and affixed 
it to iiis shield ; and after nMTy other great exploits ho 
rescued Andromeda, the daughter of Cassiopeia, whom 
the sea-nymphs, .in revenge for thnt lady’s boasting of 
superior beauty, had fastened to a rock to be devoured by 
a monster. Jupiter his father in honour of the exploit, 
they say, afterwards took up the hero, and the whole fa¬ 
mily with him, into the skies.—The number of stars in 
this constellation, in Ptolemy’s catalogue, arc 29; in 
Tycho’s 29, in Hcvelius’s 46, and in the Britannic cuta- 
loguc 5ft* 

PERSIAN Wheel, in Mechanics, n machine for raising 
a quantity of water, to serve for various purposes. Suchu 
wheel is represented in plate 25, fig. 1; with which water 
inn)' be raised by means of a stream All turning a wheel 
cde, according to the order of the letters, with buckets 
a,a,a,a, &c,hungupon the wheel bystrongpins b,b,b*b,&c, 
fixed in the side of the rim ; which must be inudo us high 
as the water is intended to be raised above the level of tbt«t 
part of the stream in which the wheel is placed. As the 
wheel turns, the buckets on the right liund go down into the 
water, where they are filled, and return up full on the left 
hand, till they come to the top nt K i> where they strike 
against the end n of the fixed trough M, by which they 
are overset, and so empty the water into the trough; 
whence it is to bo conveyed in pipes to any'place it is in- 
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leaded for: and as each bucket gets over the trough, it 
falls into a perpendicular position again, and so goes down 
empty till it comes to the water at a, where it is filled as 
before. On each bucket is a spring r, which going over 
the top or crown of the bar in (fixed to the trough m) 
raises the bottom of the bucket above the level of its 
mouth, and so causes it to empty all its water into the 

trough. . 

Sometimes this wheel is made to raise water no higher 
than its axis ; and then instead of buckets hung upon it, 
its spokes c, d, e,f g, h, arc made of a bent form, and 
hollow within ; these hollows opening into the holes 
c, d, e, F, in the outside of the wheel, and also into those 
at o in the box N upon the axis. So that, as the holes 
c, D,&c, dip into the water, it runs into them; and as 
the wheel turns, the water rises in the hollow spokes, c, ii, 
&c, and runs out in a stream p from the holes at o, and 
falls into the trough q, whence it is conveyed by pipes. 

Persian, or Persic, in Architecture, a name common 
to all statues of men; serving instead ol columns to sup¬ 
port entablr’ures. 

Persian Era and Year. See Epoch and Year. 
PERSPECTIVE, the art of delineating visible objects 
on a plane surface, such as they appear at a given distance, 
or height, on a transparent plane, placed commonly per¬ 
pendicular to the horizon, between the eye and the object. 
This is particularly called - 

Linear Perspective, as regarding the position, magni¬ 
tude, form, dec, of the several lines, or contours of objects, 
and expressing their diminution. 

Some make this a branch of Optics ; others an art and 
science derived from it: its operations however are all 
geometrical. 

History of Perspective. This art derives its origin 
from painting, and particularly from that branch of it 
which was employed in the decorations of the theatre, where 
landscapes were chiefly introduced. Vitruvius, in the 
proem to his 7th book, says that Agatharchus, at Athens, 
was the first author wtyo wrote upon this subject, on occa¬ 
sion of a play exhibiredoby iEschylus, for which he pre¬ 
pared a tragic, scene; anuqfriat afterwards the principles of 
the art were more distinctly taught in the writings of De¬ 
mocritus and Anaxagoras, the disciples of Agatharchus, 
which arc not now extant. 

The perspective of Euclid and of Hcliodorus Larisscu6 
contains only some general elements of optics, that are by 
no means adapted to any particular practice; though they 
furnish some materials that might be of service even in the 
linear perspective of painters. 

Gcminus, of Rhodes, a celebrated mathematician, in 
Cicero's time, also wrote upon this science. It is also 
evident that the Roman artists were acquainted with the 
rules of perspective, from the account which Pliny (Nat. 
Hist. lib. 35, cap. 4) gives of the representation on the 
scene of those plays given by Claudius Pulchcr; by the 
appearance of which the crows were so deceived, that they 
endeavoured to settle on the fictitious roofs. However, 
of the theory of this art among the ancients we know no¬ 
thing; ns none of their writings have escaped the general 
wreck of ancient literature in the dark ages of Europe. 
Doubtless this art must have been lost, when painting 
and sculpture no longer existed. However, there is rea¬ 
son to believe that it was practised much later in" the east¬ 
ern empire. 

John Tzetzcs, in the 12tb century, speaks of it as well 
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acquainted with its importance in painting and statuary. 
And the Greek painters, who were employed by the Ve¬ 
netians and Florentines, in the 13th century, it seems 
brought some optical knowledge along with them into 
Italy: for the disciples of Giotto are commended for ob¬ 
serving perspective more regularly than any of their pre¬ 
decessors in the art had done; and he lived in the begin¬ 
ning of the 14th century. 

The Arabians were not ignorant of this science ; as may 
be presumed from the optical writings ot Alhazcn, about 
the year 1100. And Vitellus, a Pole, about the year 
12/0, wrote largely and learnedly on optics. And, of 
our own nation, friar Bacon, as well as John Pcckham, 
archbishop of Canterbury, treated this subject with great 
accuracy, considering the times in which they lived. 

The first authors who professedly laid down rules of 
perspective, were Bartolomeo Bramantino, of Milan, whose 
book, Rtgolc di Perspective, c Misurc dcllc Antichita di 
Lombardia, is dated 1440 ; and Pietro del Borgo, likewise 
an Italian, who was the most ancient author met with by 
Ignatius Danti.and who it is supposed died in 1443. This 
last writer supposed objects placed beyond a transparent 
tablet, and so to trace the images, which rays of light, 
emitted from them, would make upon it. Albert Durcr 
constructed a machine on the principles of Borgo, by 
which he could trace the perspective appearance of ob» 
jects. . 

Leon Battista Alberti, in 1450, wrote his treatise De 
Pictura, in which he treats chiefly of perspective. 

Bulthazar Peruzzi, of Siena, who died in 1536, had di¬ 
ligently studied the writings of Borgo; and his method of 
perspective was published by Serlio in 1540. To him it 
is said we owe the discovery of points of distance, to which 
are drawn all lines that make an angle of 45° with the 
ground line. 

Guido Ubaldi, another Italian, soon after discovered, 
that all lines that are parallel to one another, if they be 
inclined to the ground line, converge to some point in the 
horizontal line; and that through this point also will pass 
a line drawn from the eye parallel to them. His Perspec¬ 
tive was printed at Pisaro in 1600, and contained the first 
principle* of the method afterwards discovered by Dr. 
Brook Taylor. 

In 1583 was published the work of Giacomo Barozzi, 
of Vignola, entitled, The two Rules of Perspective, with a 
learned commentary by Ignatius Danti. In 1615 Maro- 
lois’ work was printed at the Hague,and engraved and pub¬ 
lished by Hondius. And in 1625, Sirigatti published his 
treatise of perspective, which is little more than an abstract 

of Vignola's. . , . 

Since that time the art of perspective has been gradu¬ 
ally improved by subsequent geometricians, particularly by 
professor Gravesandc, and still more by Dr. Brook Tay¬ 
lor, whose principles arc in a great measure new, and far 
more general than those of any of his predecessors. He 
did not confine his rules, as they had done, to the linn- 
zontal plane only, but made them general, so as to affect 
every species of lines and planes, whether they were pa¬ 
rallel to the horizon or not; and thus his principles were 
made universal. Besides, from the simplicity of his 
rules the tedious progress of drawing out plans and ele¬ 
vations for any object, is rendered useless, and therefore 
avoided; for by this method, not only the fewest lines 
possible arc required to produce any perspective repre¬ 
sentation, but every figure thus drawn will bear the nicest 
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mathematical examination. Further, his system is the 
only one calculated for answering every purpose of those 
who are practitioners in the art of design ; for by it they 
may produce either the whole, or only so much of an ob¬ 
ject as is wanted ; and by fixing it in its proper place, its 
apparent magnitude may be determined in an instant. It 
explains also the perspective of shadows, the reflection of 
objects from polished planes, and the inverse practice of 
perspective. Mis Linear Perspective was first published in 
1715; and his New Principles of Linear Perspective in 
17 1 9, "hie h lie intended as an explanation of his first trea¬ 
tise. And his method has been chiefly followed by all 
others since. 

In 1738 Mr. Hamilton published his Stereography, in 
2 vols folio, after the manner of Dr. Taylor, liut the 
neatest system of perspective, both as to theory and prac¬ 
tice, on the same principles, is that of Mr. Kirby. There 
are also good treatises on the subject, by Dcsargues, De- 
bosse, AI belt us. La my, Niccron, Pozzo the Jesuit, Ware, 
Cowley, Priestley, Ferguson, Emerson, Mahon, Henry 
Clarke, &c, &c. 

Of the Principles of Perspective. To give an idea 
of the first principles and nature of this art; suppose a 
transparent plane, as of glass, &c, hi raised perpendicu¬ 
larly on a horizontal plane; and the spectator s direct¬ 
ing his eye o to the triangle a bc : if now we conceive the 
rays ao, bo, co, &c, in their passage through the plane, 
to leave their traces or vestiges in a, 5, c, &c, on the 
plane; there will appear the triangle abc; which, as it 
strikes the eye by the same rays ao, bo y co, by which the 
reflected particles of light from the triangle arc transmit¬ 
ted to the same, it will exhibit the true appearance of the 
triangle abc, though the object should bc removed, the 
same distance and height of the eye being preserved. 

The business of perspective then, is to show, by what 
certain rules the points a, fc. c, &c, may be found geome¬ 
trically: and hence also we have a mechanical method of 
delineating any object very accurately. 



on which the spectator, the picture, and the original object 
are supposed to stand. 

This may bc familiarly illustrated in the following 
manner: Suppose a person at a window looks through an 
upright pane of glass at any object beyond ; and, keeping 
his head steady, draws the figure of the object upon the 
glass, with a black-lead pencil, as if tbc point of the pen¬ 
cil touched the object itself; he would then have a true 
representation of the object in perspective ; as it appears 
to his eye. For properly drawing on the glass, it is ne¬ 
cessary to lay it over with strong gum water, which will 
be fit for drawing upon when dry, and will then retain the 
traces of the pencil. The person should also look 
through a small hole in a thin plate of metal, fixed about 
a foot from the glass, between it and his eye; keeping his 
eye close to the hole, otherwise he might shift the po¬ 
sition of his head, and so make a false delineation of the 
object. 

Having traced out the figure of the object, he may go 
over it again, with pen and ink ; and when that is dry, 
cover it with a sheet of paper, tracing the image upon this 
with a pencil; then taking away the paper, and layipg it 
upon a table, be may finish the picture, by giving it the 
colours, lights, anil shades, as he secs them in the object 
itself; and thus he will have a true resemblance of the ob¬ 
ject on the paper. 

Of certain Definitions in Perspective. 

The point qf sight, in perspective, is the point e, where 
the spectator’s eye should bc placed to view the picture* 
And the point qf sight, in the picture, called also the cc/i- 
tre of the picture , is the point c directly opposite to the eye, 
where a perpendicular from the eye at e meets the pio 
turc. Also this perpendicular ec is the distance qf the pic- 



Hence it appears that abc is the section of the plane of 
the picture with the rays, which proceed from thc.original 
object to the eye: and therefore, when this is parallel to 
the picture, its representation will be both parallel to the 
original, and similar to it, though smaller ill proportion 
as the original object is farther from the picture. When 
the original object is brought to coincide with the pic¬ 
ture, the representation is equal to the original; but as 
tbc object is removed farther and farther from the pic¬ 
ture, its image becomes smaller and smaller, and also rises 
higher and higher in the picture, till ut last, when the ob¬ 
ject is supposed to be at an infinite distance, its imago 
vanishes in an imaginary point, exactly os high above the 
bottom ol the picture as the eye is above the ground plane, 


turc: and if this distance bc transferred to the horizontal 
line on each side of the point c, as is sometimes done, the 
extremes arc called the points of distance. 

The original plane , or geometrical plane , is the plane kl 
upon which the real or original object a bod is situated. 
The line oi, where the ground plane cuts the bottom of 
the picture, is called the section of the original plane, the 
ground-line , the line qf the base , or the fundamental line . 
If an original line a'b bc continued, so as to intersect the 
picture, the point of intersection a is called the inter¬ 
section of that original line, or its intersecting point. The 
horizontal plane is the plane abgd t which passes through 
the eye, parallels the horizon, and cuts the perspective 
plane or picture at right angles; and the horizontal line bg 
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is the common intersection of the horizontal plane with 
the picture. 

The vertical plane is that which passes through the eye 
At right angles both to the ground plane and to the picture, 
as ECSN. "a lid the vertical line is the common section of 
the vertical plane and lhe picture, as ex. t 

The line of station sn is the common section of the ver¬ 
tical plane with the ground plane, and perpendicular to 
the ground line oi. 

The line of the height of the eye is a perpendicular, as ER, 
let fall from the eye upon the ground plane. 

The vanishing line of the original plane, is that line 
where a plane passing through the eye, parallel to the 
original picture, cuts the picture: thus bg is the vanishing 
line of anon, being the greatest height to which the image 
can rise, when the original object is infinitely distant. 

The vanishing point of the original line, is that point 
where a line drawn from the eye, parallel to that original 
line, intersects the picture : thus c and g arc the vanishing 
points of the lines ab and ki. All lines parallel to each 
other have the same vanishing point. If from the point 
of sight a line be drawn perpendicular to any vanishing 
line,*the point where that line intersects the vanishing line, 
is called the centre of that vanishing line : and the distance 
of a vanishing line is the length of the line which is drawn 
from the eye, perpendicular to the said line. 

Measuring points are points from which any lines in the 
perspective plane arc measured, by laying a ruler from 
them to the divisions laid down upon the ground line. 1 he 
measuring point of all lines parallel to the ground line, is 
either of the points of distance on the horizontal line, or 
point of sight. The measuring point of any line perpen¬ 
dicular to the ground line, is in the point of distance on the 
horizontal line; and the measuring pointofa line oblique 
to the ground line is found by extending the compasses 
from the vanishing point of that line to the point of di¬ 
stance on the perpendicular, and getting off on the hori¬ 
zontal line. 

Some general Maxims or Theorems in Perspective. 


\ ^ 


179 ] 

original. And the image may be determined by transfer¬ 
ring the length or distance of the given line to the intersect¬ 
ing line ; ami the distance of the vanishing point to the 
horizontal line ; i. e. by bringing both into the plane of the 
picture. 


Prob. To fndthe re¬ 
present a'ion of an Ob¬ 
jective point a. —Draw 
a1 and a2 at pleasure, 
intersecting the bottom 
of the picture in 1 and 
2 ; and from the eye E 
draw eh parallel to a1, 
and el parallel to a2 ; 
then draw ii 1 and l2, 
which will intersect each 
other in a> the repre¬ 
sentation of the point a. 
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Otherwise. Let it be the given objective point, 




1 . The representation ab, of a line ad, is part of a line 
sc, which passes through the intersecting point s, and the 
vanishing point c, of the original line ab. 

2. If the original plane be parallel to the picture, it can 
have no vanishing line upon it; and consequently the re¬ 
presentation will be parallel. When the origiunl is per¬ 
pendicular to the ground line, as ab, then its vanishing 
point is in c, the centre of the picture, or point of sight; 
because ec is perpendicular to the picture, and therefore 

parallel to ab. . ... 

3 . The image of a line bears a certain proportion to it* 


from which draw in perpendicular to the fundamental 
line de. *■ from the fundamental line de cut off ik = Ih: 
through the point of sight f draw a horizontal line rr, 
and make fp equal to the distance of the eye sk: lastly, 
joio Ft and PK, and their intersection h will be the appear¬ 
ance of the given objective point ii, as required. And 
thus by finding the representations of the two points, which 
are the extremes of a line, aud connecting them together, 
there will be formed the representation of the line itself. 
In like manner, the representations of all the .lines or sides 
of any figure or solid » dc,crmi,,c those of the solid itself; 

which therefore arc thus put into perspective. 

Serial Perspective, is the art of giving a due diminu¬ 
tion or gradation to the strength of light, shade, and co¬ 
lours of objects, according to their different distances, the 
quantity of light which falls upon them, and the medium 

through which they arc seen. . ... . 

Perspective Machine, is a machine for readily and 

easily making the perspective drawing and appearance of 
tuiy object, 1 2 3 which' requires little or no .kill in the art. 
There have been invented various machines of this kind. 
One of which may even be seen in the works of Albert 
Durer A very convenient one was invented by Dr.llevM, 
and is* described by Mr. Ferguson, in his Perspective pa. 
113. And another is described in Kirby s Perspective, 

^ Perspective Plan, or Plane, is a glass or other trans¬ 
parent surface supposed to be placed between the eye and 
the object, and usually perpendicular to the horizon. 
Scenozraphic Perspective. Sec Scekog rapiiy. 
Perspective of Shadows. See Shadow. 

' specular Perspective, is that which represents the ob¬ 
jects in cylindrical, couical, spherical, or other mirrors. 
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PERTICA, a kind of comet, the same with Veru. 

PETARD, a military engine, somewhat resembling in 
shape a high-crowned hat; serving formerly to break down 
gates, barricades, draw-bridges, or the like works intended 
to be surprised. It is about S or 9 inches wide, and 
weighs from 55 to 70 pounds. Its use was chiefly in a 
clandestine or private attack, to breakdown the gates &c. 
It has also been used in countermines, to break through 
the enemies 9 galleries, and give vent to their mines : but 
the use of petards is now discontinued.—Their invention 
is ascribed to the French Hugonotsin the year 1579. The 
most signal exploit performed with them was the taking 
the city Cahors, as we are told by cFAubigne. 

PETIT (Peter), a considerable mathematician and 
philosopher of France, was born at Montlufon in the 
diocese of Bo urges, in the year 1589 according to some, 
but in 1600 according to others.—He first cultivated the 
mathematics and philosophy in the place of his nativity ; 
but in 1635 he rcpaiied to Paris, to which place his repu¬ 
tation had procureJ him an invitation. Here he became 
highly celebrated for his ingenious writings, and for his 
connections with Pascal, Descartes, Mersenne, and the 
other great men of that time. Me was employed on se¬ 
veral occasions by cardinal Richelieu; lie was commis¬ 
sioned by this minister to visit the sea-ports, with the title 
of the king's engineer; and was also sent into Ituly on the 
king's business. He was at Tours in 16*40, where lie mar¬ 
ried ; and was afterwards made intendant of the fortifica¬ 
tions. Baillet, in his Life of Descartes, says, that Petit 
had a great genius for mathematics ; that he excelled par¬ 
ticularly in astronomy ; and had a singular passion for ex¬ 
perimental philosophy. About l6’37 he returned to Paris 
from Italy, when the Dioptrics of Descartes were much 
spoken of. He read them, and communicated his objec¬ 
tions to Mcrscnne, with whom he was intimately acquaint¬ 
ed. And yet lie soon after embraced the principles of 
Descartes, becoming not only his friend, but his partisan 
and defender also. He was intimately connected with 
Pascal, with whom he made at Rouen the same experiments., 
concerning the vacuum, which Torricelli had before made 
in Italy ; and was assured of their truth by frequent repe¬ 
titions. This was in 1646 and 1647 ; and though there 
appears to be a long interval from this date to the time of 
his death, we meet with no other memoirs of his life. lie 
died August the 20th 1667# at Lagny, near Paris, whither 
he had retired for some time before his,decease. 

Petit was the author of several works on physical and 
astronomical subjects ; the chief of which are, 

1. Chronological Discourse, &c, 1636, 4to. Iadcfencc 
of Scaligcr.—2. Treatise on the Proportional Compasses. 
—3. On the Weight and Magnitude of Metals.—4. Con¬ 
struction and Use of the Artillery Calipers.—5. On a va¬ 
cuum.—6. On Eclipses.—7- On Remedies against the 
Inundations of the Seine at Paris.—8. On the Junction 
of the Ocean with the Mediterranean Sea, by means of the 
rivers Audc and Garonne.—9- On Comets.—10. On tho 
proper day for celebrating Easter.— 11. On the Nature of 
Heat and Cold, &c. 

PETTY (Sir William), a singular instance of a uni¬ 
versal genius, was the elder son of Anthony Petty, a 
clothier at Ruinsoy in Hampshire, where he was born May 
the lffth, 1623. While a boy he took great delight in 
spending his time among the artificers there, whose trades 
he could work at when but 12 years of age. He then went 


to the grammar-school in that place, where at 15 he be- 
came master of the Latin, Greek, and French languages, 
with arithmetic and those parts of practical geometry and 
ustronomy useful in na\igation. Soon after, he went to 
the university of Caen in Normandy ; and after some stay 
there h^ returned to England, whe^e he was promoted in 
the king's navy. In 1643, when the civil war began, and 
the times became troublesome, he went into the Nether¬ 
lands and France for three years; and having vigorously 
prosecuted his studies, especially in physic, at Utrecht, 
Leyden* Amsterdam, and Paris, he returned home to 
Ruinsey. In 1647 he obtained a patent to teach the art 
of double writing for 17 years. In 1648 he published at 
London, 4# Advice to Mr.Samuel Hartlib, for the advance¬ 
ment of some particular parts of learning." At this time 
he adhered to the prevailing party of the nation; and went 
to Oxford, where he taught anatomy and chemistry, and 
was created a doctor of physic, and ro*c into such repute, 
that the philosophical meetings, which preceded and laid 
the foundation of the Royal Society, were first held at his 
house. In 1650 he was made professor of unatomy there ; 
and soon after a member of the college of physicians in 
London, ns also professor of music at Grcsham-collcgc, 
London. In 1652 he was appointed physician to the army 
in Ireland; as also to three lord lieutenants successively, 
Lambert, Fleetwood, and Henry Cromwell. After the re¬ 
bellion was over in Ireland, he was appointed one of the 
commissioners for dividing the forfeited lands to the army 
who suppressed it; where he acquired a great fortune. 
When Henry Cromwell became lieutenant of that 
kingdom, in 1655, he appointed Dr. Petty his se¬ 
cretary, and clerk of the council : he likewise procured 
him to be elected a burgess for Westloo in Cornwall, in 
Richard Cromwell's parliament, which met in January 
1658. But, in March following, Sir Hiorom Sankey, mem¬ 
ber for Woodstock in Oxfordshire, impeached him of high 
crimes and misdemeanors in the execution of his office. 
This gave the doctor a great deal of trouble, as lie was 
summoned before the house of commons; and notwith¬ 
standing the strenuous endeavours of his friends, in their 
recommendations of him to secretary Thurloc, and the 
defence he made before the house, his enemies procured 
his dismission from his public employments, in 1659. 
He then retired to Ireland, till the restoration of king 
Charles the Second ; soon after which he came into Eng¬ 
land, where he was very graciously received by the king, 
resigned his professorship at Grcsham-collegc, and was ap¬ 
pointed one of the commissioners of the Court of Claim*. 
Likewise, April tho 11th, l6(il, he received the honour of 
knighthood, and the grant of a new patent, constituting 
him surveyor-general of Ireland, and was there chosen a 
member of parliament. 

On the incorporating of the Royal Society, he was one 
of the first members, and of its first council. And though 
he had left off the practice of physic, his name was con¬ 
tinued os an honorary member of the college of physicians 
in 1663. • 

About this time he invented his double-bottomed ship, 
to sail against wind and tide, and afterwards presented fr 
model of the vessel to the Royal Society; to whom also, 
in 1665, he communicated u A Discourse about the Build¬ 
ing of Ships," containing some curious secrets in that art. 
But, upon trial, finding his s^ip failed in some respects, 
he at lengjh gave up that project. 

In 1666 sir William drew up a treatise, called Vcfbam 
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Sapienti, containing an account of the wealth and ex¬ 
penses of England, and the method of raising taxes in the 
most equal manner.—The same year, 1666, he suffered a 
considerable loss by the tire of London.—The year follow- 
in- he married Elizabeth, daughter of sir Hardresse Wal¬ 
ler; and afterwards set up iron-works and pilchard-lishing, 
opened lead mines and a timber trade in Kerry, which 
turned to very good account. But all these concerns did 
not hinder him from the pursuit of both political and phi¬ 
losophical speculations, which he thought of public utility, 
publishing them either separately or by communication to 
the Royal Society, particularly on finances, taxes, poli¬ 
tical arithmetic, land carriage, guns, pumps, &c. 

At the first meeting of the Philosophical Society at 
Dublin, on the plan of that at London, every thing was 
submitted to his direction: and when it was formed into 
a regular society, lie was chosen president in Nov. 1684. 
On this occasion lie drew up a “ Catalogue of mean, vul¬ 
gar, cheap, and simple Experiments,” proper for the infant 
slate of the society, and presented it to them.; as he did 
also his Supcllex Philosophica, consisting of 45 instru¬ 
ments requisite to carry on the design of their institution. 

In 1685 he made his will; in which he declares, that being 
then about 60, his views were fixed upon improving his 
lands in Ireland, and to promote the trade of iron, lead, 
marble, fish, and timber, which his estate was capable of. 
And as for studies and experiments, “ I think now, ’ says 
he, “ to confine the same to the anatomy of the people, and 
political arithmetic ; as also the improvement of ships, 
land-carriages, guns, and pumps, as of most use to man¬ 
kind, not blaming the study of other men." But a few 
years after, all his pursuits wore stopped by the effects of 
a gangrene in his foot, occasioned by the swelling of the 
gout, which put a period to his life, at his house, in Pic¬ 
cadilly, Westminster, Dec. 16, 1687, in the 65th year of 
his age. His corpse was carried to Rumscy, and there 
interred, near those of his parents. 

Sir William Petty died possessed of a very large fortune, 
as appears by his will ; where Ire makes his real estate 
about 6,500/. per annum, his personal estate about 45,000/. 
his bad and desperate debts 30,000/. and the demonstrable 
improvements of his Irish estate, 4000/. per annum ; in all, 
at 6 per cent, interest, 15,000/. per annum. This estate 
came to his family, which consisted of his \Vidow and threo 
children, Charles, Henry, and Anne : of whom Charles 
was created baron of Slitlbournc, in the county ofWatcr- 
ford in Ireland, by king William the Third ; but dying 
without issue, was succeeded by his younger brother 
Henry, who was created viscount Dunkcron, in the county 
of Kerry, and earl of Shelbournc Feb. 11, 1718. He mar¬ 
ried the lady Arabella Boyle, sister of Charles carl of Cork, 
who brought him several children. He was member of 
parliament for Great Marlow in Buckinghamshire, and a 
fellow of the Royal Society: he died April 17, 1751. 
Anne was married to Thomas Fitzmorris, baron of Kerry 
and Lixnaw, and died in Ireland in 1737- 

The variety of pursuits, in which Sir William Petty was 
engaged, shows him to have had a genius capable of any 
thin °to which he chose to apply it: and it is very extra¬ 
ordinary, that u man of so active and busy a spirit could 
find time to write so many things, as it appears he did, by 

the following catalogue. . 

1. Advice to Mr. S. Hartlib&c; 1648,4to.—2. A Brief 
• of Proceedings between sir Hicrom Snukey and the author 
&C ; *659, folio.—-3. Reflections upon some persons and 


things in Ireland,&c; l66o, 8vo.—4. A Trcalise of Taxes 
ami O mtribulion, &c ; 1663, l607, 1685, 4to, all with¬ 
out the author’s name. This last was re-published in 
169O, with two other anonymous pieces, “ The Privileges 
and Practice of Parliaments,” and “ The Politician Dis¬ 


covered with a new title-page, where it is said they 
were all written by sir William, which, as to the first, is a 
mistake.—5. Apparatus to the History of the Common 
Practice of Dyeingprinted in Sprat’s History of the 
Royal Society, 1667, 4to.—6. A Discourse concerning 
the Use of Duplicate Proportion, together with a New 
Hypothesis of Springing or Elastic Motions; H>74. l2mo. 

—7. Colloquium Davidis cum Anima sua, &c ; 1679, 
folio.— S. The Politician Discovered, &c ; 1681, 4to — 

9. A11 Essay in Pol tical Arithmetic; 1682, 8vo.—10. Ob¬ 
servations upon the Dublin Bills of Mortality in 1681, 
&c ; 1683, Svo.—11. An Account of some Experiments 
relating to Land-carriage, Philos. Trans. No. l6l.— 
12. Some Queries for examining Mineral Waters, ibid. 
No. 166.—13. A Catalogue of Mean, Vulgar, Cheap, and 
Simple Experiments, ivc ; ibid. No. 167.—14. Maps of 
Ireland, being an Actual Survey of the whole Kingdom, 
&c ; 1685, folio.—15. An Essay concerning the Multi¬ 
plication of Mankind ; 1686, Svo—16. A further Asser¬ 
tion concerning the magnitude of London, vindicating it, 
&c ; Philos. Trans. No. 1 S3-— 17. Two Essays in Politi¬ 
cal Arithmetic; 1687, 8vo.—18. Five Essays in Political 
Arithmetic ; l6S7, 8vo.—19. Observations upon London 
and Rome; 1687. 8vo. 

His posthumous pieces arc, (1) Political Arithmetic ; 

1690, 8vo. and 1755, with his life prefixed.—(2) The 
Political Anatomy of Ireland, with Vcrbum Sapicnti, 

1691, 1719.—(3) A Treatise of Naval Philosophy; 1691, 
12ino.—(4) What a complete Treatise of Navigation 
should contain ; Philos. Trans. No. Ip8.—(5) A Dis¬ 
course of making Cloth with Shoep’s Wool ; in Birch s 
Hist, of the Roy. Soc.—(6) Supellex Philosophica; ibid- 
• PHANTASMAGORIA, a new optical instrument, 
which has within a few years afforded much entertain¬ 
ment by exhibiting, in theatres and other places of amuse¬ 
ment, the representation of spectres and other figures on 
a transparent screen placed between the. instrument and 
the spectators, and no light bein- suffered to appear, but 
that in which the images are enveloped, which renders the 
effect very singular ; and this is still farther strengthened 
by the operator increasing or diminishing the size of the 
shadows at pleasure, by which the spectators, under the 
influence of an optical illusion, fancy that the figures arc 
approaching or receding from them. 

The first exhibition of this kind, (at least of late years,) 
was made by one Philidor at Vienna in 1790, and which 
was afterwurds repeated by him at Paris in 1792 with very 
great success. And a similar spectacle was opened in that 
metropolis by M. Robertson in 179«5 since which time 
they have become very common in all the countries of 
Europe. It seems however that something of a similar 
kind was exhibited so far back as the 17th century, being 
mentioned by Putin, in his “Relations Ilistoriques,” pub¬ 
lished at Amsterdam in 1695, though the instrument itself 
is not there described. 

The phantasmagoria ‘does not differ much in its con¬ 
struction from the magic lantern ;’indeed, it is now so 
constructed that it answers either purpose, the principal 
difference being, that in the phantasmagoria, the glass, 
sliders on which the figures are painted, are rendered per- 
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fcctly opakc, except in the figures themselves, by which 
means all light isexclmled except that in which the images 
are involved, and also the spectators arc placed on the 
contrary side of the screen, which is made of some trans¬ 
parent thin substance, as muslin, or such like, that the 
figures may be seen through it : and the instrument i> fixed 
on rollers or wheels, by which the operator can move it 
ncarci to or farther from the screen, and thus give to tlie 
figures any size at pleasure : there are also other contri- 
v uncos lor giving the figures or any parts of them motion, as 
the arms, legs, eyes, &c, which have a very singular effect. 

I he greatest imperfection of this instrument is, that as 
the figures become smaller, which gives them the appear¬ 
ance ol being at a greater distance, they become brighter, 
which is contrary to the natural order ol things, as distance 
always decreases both the apparent magnitude and dis¬ 
tinctness of objects. This defect however may be con¬ 
siderably lessened by the following construction, which is 
suggested by Dr. Young in Ins Lectures on Natural Phi¬ 
losophy. 

The light of the lamp a (fig. 1. plate $9) is thrown by the 
mirror h, and the lenses c and d, on the painted slider at 
r, and the magnifier f forms the image on the screen at g. 
'i bis lens is fixed to a slider, which may be drawn out of 
the principal support, or box n : and when the box is 
drawn back on its wheels, the rod ik lowers the point k, 
and'by means of the rod kl adjusts the slider in such a 
manner, that the image js always distinctly painted on the 
screen o. When the box advances towards the screen, in 
order that the images may be diminished and appear to 
vanish, the support of the lens f suffers the screen m to fall 
and intercept a part of the light ; thus taking off from the 
natural brightness of the object. The rod ks must be 
equal to ki, and the point i must be twice the focal length 
of the lens f, before the object, l being immediately under 
the locus ol the lens. The screen m may have a triangu¬ 
lar opening, so as to uncover the middle of the lens only, 
or the light may be intercepted in any other manner. Sec 
Dr. Y oungs Lectures of Natural Philosophy. 

PlIAllON, the name of a game of chance. See De- 
moivre's Doctrine of Chances, pa. 77 and 105. 

PHASES, in Astronomy, the various appearances, or 
quantities ol illuminution ol the moon, Venus, Mercury, 
and the other planets, by the sun. These phases arc very 
observable in the moon with the naked eye; by which 
she sometimes increases, sometimes wanes, is now bent 
into horns, and again appears a hall-circle; at other times 
she is gibbous, and again a full circular face. And by 
help of the telescope, the like variety of phases is observed 
in Venus, Mars, &c. Copernicus, a little before the use 
of telescopes, loretold, that after-ages would find that 
Venus underwent all the changes of the moon; which 
prophecy was first fulfilled by Galileo, who, directing his 
telescope to Venus, observed her phases to resemble those 
of the moon; being sometimes full, sometimes horned, and 
sometimes gibbous. 

Phases of t qn*Ii<:[ipsc. To determine these for any 
time: Find tbcLmoons place in her visible way for that 
moment; and from that point as a centre, with the inter¬ 
val of the moon's semidiameter, describe a circle: In like 
manner find the sun's place in the ecliptic, from which, 
with the scinidiamctcr of the sun, describe another circle; 
the intersection of the two circles shows the phases of the 
eclipse, the quantity of obscuration, and the position of 
the cusps or horns. 
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PHENOMENON, or Phenomenon, an appearance 
in physics, an extraordinary appearance in the heavens, 
or on earth ; either discovered by observation of the ce¬ 
lestial bodies, or by physical experiments, the cause of 
winch is not obvious. Such are meteors, comets un¬ 
common appearance of stars and planets, earthquakes, &c. 
Suthalso are the effects of the magnet, phosphorus, &c. 

PHILOLAUS, of Crotona, was a celebrated philoso¬ 
pher among the ancients. He was of the school of Pytha¬ 
goras, to whom that philosopher's Golden Versos have been 
ascribed. He made the heavens his chief object of con¬ 
templation ; and has been said to he the author of that 
true system of the world which Copernicus afterwards re- 
vived ; but erroneously, because there is undoubted evi¬ 
dence that Pythagoras learned that system in Kg)pt. On 
that erroneous supposition, however it was, that Bulliald 
placed the name of Philolaus at the head of two works, 
written to illustrate and confirm that system. 

44 lie was (says Dr. Enfield, in bis History of Philo¬ 
sophy) a disciple of Archytas, and flourished in the time 
of Plato. It was from him that Plato purchased the 
written records of the Pythagorean system, contrary to an 
express oath taken by the society ol Pythagoreans, pledging 
themselves to keep secret the mysteries of their sect.° It 
is probable that among these books were the writings of 
I imams, on which Plato formed the dialogue whichl>ofc 
his name. Plutarch relates, that Philolaus was one of 
the persons who escaped from the house which was burned 
by Cylon, during the life of Pythagoras ; but this account 
cannot bo coricct. Philolaus was contemporary with 
Plato, and therefore certainly not with Pythagoras. In¬ 
terfering in affairs of state, he fell a sacrifice to political 
jealousy. 

“ Philolaus treated the doctrine of nature with great 
subtlety, but at I lie* same time wiih great obscurity; re.- 
ferring every thing that exists to mathematical principles. 
He taught, that icason, improved by mathematical learn¬ 
ing, is alone capable of. judging concerning the nature of 
things : that the whole world consists of infinite and finite ; 
that number subsists by itself, and is the chain by which 
its power sustains the eternal fraipe of things; that the 
Monad is not the sole principle of things, but that the 
Binary is necessary to furnish materials from which'all 
subsequent numbers may be produced; that the.world is 
one whole, which has a fiery centre, about which the ten 
celestial spheres revolve, heaven, the sun, the planets, the 
earth, and the moon ; thnt the sun has a vitreous surface, 
whence the fire diffused through the world is reflected, 
rendering the mirror from which it is reflected visible ; that 
all things arc preserved in harmony by the law of neces¬ 
sity ; and that the world is liable to destruction both by 
fire and by wntcr. From this summary of the doctrine of 
Philolaus it appears probable that, following Tiimcus, 
whose writings he possessed, he so far departed from the 
Pythagorean system as to conceive two independent prin¬ 
ciples in nature, God and matter, and that it was from 
the same source that Plato derived his doctrine upon this ' 
subject." 

PHILOSOPHER, a person .well versed in philosophy ;. 
or who makes a profession of, or applies himself to, the 
study of nnturc or of morality. 

Philosopher's Stone, a iong-sought-for preparation, 
which was to transmute or exalt impure metals, such as 
tin, lead, copper, &c, into gold. There are three methods 
by which the alchemists “have attempted to arrive at tftjB*rt 


P H I 


P II J 


[ IM ] 


of making gold ; the first by separation, the second by 
maturation, and the third by transmutation, or turning all 
metals readily into pure gold, by melting them in the lire, 
and casting a little quantity of a certain preparation into 
the fused matter, upon which the fu'ce* are volatilized 
and burnt, and the rest of the mass turned into pure gold. 
Many thousands of receipts have been given for conduct¬ 
ing the experiments in this art, and many persons have 
ruined their fortunes in the pursuit of it; but repeated 
failures have at last put an end to this hopeless specu¬ 
lation. 

PHILOSOPHIC A LTr a ns act ions, those of the Iloyal 
Society. See Transactions. 

PHILOSOPHIZING, the act of considering some ob¬ 
ject of our knowledge, examining its properties, with the 
phenomena it exhibits, and inquiring into their causes or 
effects, *yid the laws of them ; the whole conducted accord¬ 
ing to the nature and reason of things, and directed to the 
improvement of knowledge. 

77/c Rules of Philosophizing, as established by sir 
Isaac Newton, are, 1. That no more causes of a natural 
effect be admitted than arc true, and suffice to account for 
its phenomena. This agrees with the sentiments ol most 
philosophers, who hold that nature docs nothing in vain ; 
and that it were vain to do that by many means, which 
might be done by fewer. 

2. That natural effects of the same kind, proceed from 
the same causes. Thus for instance, the cause ol respi¬ 
ration is one and the same in man ami brute; the cause of 
the descent of a stone, the same in Europe as in America; 
the cause of light, the same in the sun and in culinary fire; 
and the cause of reflection, the same in the planets as the 
earth. 

3. Those qualities of bodies which arc not capable of 
being heightened, and remitted, and which are found in 
all bodies on which experiments can be made, must be 
considered as universal qualities of all bodies. Thus, the 
extension of body is only perceived by our senses, nor is 
it perceivable in all bodies: but since it is found in all 
that we have perception of, it may be affirmed of all. So 
wc find that several bodies arc hard ; and argue that the 
hardness of the whole only arises from the hardness of the 
parts: whence we infer that the particles, not only of 
those bodies which are sensible, but of all others, arc like¬ 
wise hard. lastly, if all the bodies about the earth gravi¬ 
tate towards the earth, and this according to the quantity 
of matter in each ; and if the moon gravitate towards the 
earth also, according to its quantity of matter; and the sea 
again gravitate towards the moon ; and all the planets and 
comets gravitate towards each other: it may be affirmed 
universally, that all bodies in the creation gravitate towards 
each other. This rule is the foundation of all natural 
philosophy. 

PHILOSOPHY, the knowledge or study of nature or 
morality, founded on reason and experience. Literally 
and originally, the word signified a love of wisdom. But 
by philosophy is now meant the knowledge of the nature 
and reasons of things; as distinguished from history, which 
is the bare knowledge of facts; and from mathematics, 
which is the knowledge of the quantity and measures of 
things. These three kinds of knowledge ought to be joined 
as much as possible. History furnishes matter, principles, 
and practical examinations; and mathematics completes 
the evidence. 

Philosophy being the knowledge of the reasons of 


things, all arts must have their peculiar philosophy uhicf? 
constitutes their theory: not only law and physic, but the 
lowest and most abject arts are not without their reaxons. 
It is to be observed that the bare intelligence and memory 
of philosophical propositions, without any ability to de¬ 
monstrate them, is not philosophy, but history onlv. How¬ 
ever, where such propositions are determinate and true, 
they may be usefully applied in practice, even by those 
who arc ignorant of their demonstrations. Of tins we see 
daily instances in the rules of arithmetic, practical geome¬ 
try, and navigation ; the reasons of which arc often not un¬ 
derstood by those who practise them with success. And 
this success In the application produces a conviction 
of mind, which is a kind of medium between philoso¬ 
phical or scientific knowledge, and that which is histori¬ 
cal only. 

If we consider the difference there is between natural 
philosophers, and other men, with regard to their know¬ 
ledge of phenomena, we shall find it consists not in an 
cxacter knowledge of the efficient cause that produces 
them, for that can be no other than the will of the Deity; 
but only in a greater and more enlarged comprehension, 
by which analogies, harmonics, and agreements arc de¬ 
scribed in the works of nature, and the particular effects 
explained; that is, reduced to general rules, which rules, 
grounded on the analogy and uniformiiess observed in the 
production of natural effects, are more agreeable, and 
sought alter by the mind; for that they extend our 
prospect beyond what is present, and near to us, and 
enable us to make very probable conjectures, concerning 
things that may have happened at very great distances of 
time and place, as well as to predict things to come; which 
sort ol endeavour towards omniscience is much affected by 
the mind. Berkeley, Princip. of Hum. Knowledge, sect. 
104, 105.: . 

From the first bronchers of new opinions, and the first 
founders of schools, philosophy is become divided into 
several sects, some ancient, others modern ; such arc the 
Platonists, Peripatetics, Epicureans, Stoics, Pyrrhonians, 
and Academics; also the Cartesians, Newtonians, &c. 
See the particular articles for each. Philosophy may be. 
divided into two branches, or it may be considered under 
two circumstances, theoretical and practical. 

Theoretical or Speculative Philosophy, is employed in 
mere contemplation. Such is physics, which is a bare 
contemplation of nature, and natural things. 

Philosophy may be divided into three parts; intel¬ 
lectual, moral, and physical: the intellectual part com¬ 
prises logic and metaphysics; the moral part contains the 
laws of nature and nations, ethics and politics; and lastly 
the physical part comprehends the doctrine of bodies, ani¬ 
mate or inaniinato: these, with their various subdivisions, 
will comprise the whole of philosophy. 

Practical Philosophy, is that which lays down the 
rules of a virtuous aud happy life ; and excites us to the 
practice of them. Most authors divide it into two kinds, 
answerable to tbc two sorts of human actions to be di¬ 
rected by it; viz, logic, wbich governs the operations of the 
understanding; and ethics, properly so culled, which di¬ 
rect those of the will... • 

For the several particular kinds of philosophy, see the 
articles, Arabian, Aristotelian, Atomical, Cartesian, Cor¬ 
puscular, Epicurean, Experimental, Hcrmetical, Lcib- 
nitzian,Mechanical, Moral, Natural, Newtonian, Oriental, 
Platonic, Scholastic, Socratic, &c, &c* 



PHO 


P H O 


C 164 ] 


PHLOGISTON,in Chemistry, a term that seems to be 
•almost banished from our language. It was invented by 
Stahl, according to whom there is only one substance in 
nature capable of combustion, this he called phlogiston, 
and all those bodies which can be intlamcd contain more 
or less of it. Combustion by his theory is merely the se¬ 
paration of this substance. Those bodies which contain 
some of it are incombustibles. All combustibles are 
composed of an incombustible body and phlogiston united; 
and during the combustion the phlogiston flies otf, and 
the incombustible body is left behind. Thus when sul¬ 
phur is burnt, the substance that remains is sulphuric 
acid, an incombustible body. Sulphur therefore is said 
to be composed of sulphuric acid and phlogiston. This 
theory has long since given place to that established by 
Lavoisier, and so much improved by Dr. Thomson of 
Edinburgh. See the article Combustion. 

PIICENIX, a constellation of the southern hemisphere ; 
being one of the new-added asterisms, unknown to the 
ancients, and is not visible in our northern parts of the 
globe. There arc 13 stars in this constellation. 

PHONICS, otherwise called Acoustics, is the doc¬ 
trine or science of sounds. Phonics may be considered 
as an art analogous to optics; and may be divided, like 
that, into direct, refracted, and reflected. These branches, 
the bishop of Ferns, in allusion to the parts of optics, de¬ 
nominates phonics, diaphonics, and cataphonics. Sec 
Acoustics. 

PHOSPHORUS, a matter which shines, or even burns 
spontaneously, and without the application of any sensible 
fire. Phosphori arc either natural or artificial. 

Natural Pnospiiom, are matters which become lu¬ 
minous at certain times, without the assistance of any art 
or preparation. Such arc the glow-worms, frequent in 
our colder countries; lantern-flies, and other shining in¬ 
sects, in hot countries; rotten-wood; the eyes, blood, 
scales, flesh, sweat, feathers, &c, of several animals; dia¬ 
monds, when rubbed after a certain manner, or after 
having been exposed to the sun or light; sugar and sul¬ 
phur, when pounded in a dark place; sea-water, and some 
mineral waters, when briskly agitated; a cat’s or horse's 
back, duly rubbed with the hand, &c, in the dark; nay 
Dr. Croon tells us, that on rubbing his own body briskly 
with a well-warmed shirt, he has frequently made both to 
shine; and Dr. Sloanc adds, that he knew a gentleman of 
Bristol, and his son, both whose stockings would shine 
much after walking. All natural phosphori hpvc this in 
common, that they do not shine always, and that they 
never give any heat. Of all the natural phosphori, that 
which has occasioned the greatest speculation, is the 
Barometrical or Mercurial Phosphorus.. M. Picard 
first observed, that the mercury of his barometer, when 
shaken in a dark place, emitted light. And many fanciful 
explanations have been given of this phenomenon, which 
however is now found to be a mere electrical effect. Mr. 
Hawksbce has several experiments on this appearance. 
Passing air forcibly through the body of quicksilver, 
placed in an exhausted receiver, the parts were violently 
driven against the side of the receiver, and gave all around 
the appearance of fire; continuing thus till the receiver 
was half full again of air. 

From other experiments he found, that though the ap¬ 
pearance of light was not producible by agitating the mer¬ 
cury in the same manner in the common air, yet that a 
very fine medium, nearly approaching to a vacuum, was 


not at all necessary. And lastly, from other experiments 
he found that mercury inclosed in water, which commu¬ 
nicated with tbe open air, by a violent shaking of the vessel 
in which it was inclosed, emitted particles of light in great 
plenty, like little stars. By including the vessel of mer¬ 
cury, &c, in a receiver, and exhausting the air, the phe¬ 
nomenon wus changed ; and on shaking the vessel, instead 
of sparks of light, the whole mass appeared one continued 
circle of light. 

Further, if mercury be inclosed in a glass tube, close 
stopped, that tube is found, on being rubbed, to give much 
more light, than when it had no mercury in it. When 
this tube has been rubbed, after raising successively its 
extremities, that the mercury might flow from one end to 
the other, a light is seen creeping in a serpentine manner 
all along the tube, the mercury being all luminous. By 
making the mercury run along the lube afterwards with¬ 
out rubbing it, it emitted some light, though much less 
than before ; this proves that the friction of the mercury 
against the glass, in running uloug, does in some measure 
electrify the glass, as the rubbing it with the hand does, 
only in a much less degree. This is more plainly proved 
by laying sbme very light down near the tube, for this will 
be attracted by the electricity raised by the running of the 
mercury, and will rise to that part of the glass along which 
the mercury runs; from which it is evident, that what has 
been long known in the world under the name of the phos¬ 
phorus of the barometer, is not a phosphorus, but merely 
a light raised by electricity, the mercury electrifying the 
tube. Philos. Trans. No. 484. 

Artificial Phosphori, are such as owe their luminous 
quality to some art or preparation, borne of these are 
made by the maceration of plants alone, and without any 
fire; such as thread, linen cloth, but above all paper: 
the luminous appearance of this last, which it is now known 
is an electrical phenomenon, is greatly increased by heat. 
Almost all bodies, by a proper treatment, have that power 
of shining in the dark, which at first was supposed to be 
the property of one, and afterwards only of a few. Seo 
Philos. Trans. No. 47S* in vol. 44, pa. 83. 

The discovery of phosphorus wus made in 1 677 by one 
Brandt, a citizen of Hamburgh, in his researches for the 
philosopher’s stone, and the preparation was long kept a 
lucrative secret in the hands of a few persons; but as it was 
generally known to have been prepared from human urine, 
nnd as the method then employed, though tedious and dis¬ 
gusting, was extremely simple, it was detected by several 
chemists, but first by KunckcWnnd Mr. Boyle, and the 
real nature of phosphorus has been gradually explained by 
a vast number of ingenious and elaborate researches. 
Kunckel having first discovered the method of preparing 
this substance, it is generally called Kunckcl’s phosphorus. 

The earliest method of preparing phosphorus was in the 
following manner. A large qunntity of human urine was 
collected, and nftcr remaining for a time to become 
putrid, it was evaporated to dryness in any suitable ves¬ 
sel. The residue was then mixed with charcoal in pow¬ 
der, and heated gradually to low redness in an iron pot, 
till the mass begnn to send forth blue luminous vapours. 
It was then removed into a coated earthen retort with a 
receiver, and heat applied gradually till it reached the 
utmost intensity; during which the phosphorus distilled 
over, and partly' concreted in the neck of the retort, and 
partly fell in drops into the receiver. This, which was at 
first black and foul, was purified by melting, and was 
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formed into sticks, which were long sold at a very high 
price, as a great philosophical curiosity. ^ f 

This disgusting process is now completely laid aside, 
and phosphorus is obtained in h much more certain man¬ 
ner, from the white earth left after the calcination o| 
bones; but for the process of which operation we must 
refer the reader to Murray's and Parkinson's Chemistries, 
and to the article Phosphorus in Aikin's Chemical Dic¬ 
tionary. 

Many curious and amusing experiments are made with 
phosphorus; as by writing with it, when the letters will 
appear like dame in the dark, though in the light nothing 
appears but a diin smoke; also a little bit ol it rubbed 
between two papers, presently takes lire, and burns vehe¬ 
mently; &<\ By washing the face, or hands, 6cc, with 
liquid phosphorus, they will shine very considerably iu 
the dark, and the lustre will bccommumcated to adjacent 
objects, yet, without hurting the skin : and on bringing in 
the candle, the shining disappears, and no change is 
perceivable. 

Phosphorus, in Astronomy, is the morning star, or 
the planet .Venus, when she rises before the sun. The 
Latins call it Lucifer, the French Etoile tltr berger, and 
the Greeks Phosphorus. 

PHOSPHURETS, in Chemistry, are substances form¬ 
ed by an union with phosphorus : thus, we have the phos- 
phurct of carbon, which is a compound ot carbon with 
phosphorus; we have likewise the pliosphurct ol lime, 
hydrogen, &c. 

PHOSPHURETTKD Hydrogen, phosphorus dissolved 
in hydrogen gas; which may be done by introducing 
phosphorus into a glass jar of hjdrogen gas standing 
over mercury, and then melting it by means ot a 
burning glass; the gas dissolves a large proportion ol 
ft. The compound has a very, fetid odour, something 
like that from putrid fish. When it comes into con¬ 
tact with common .air, it burns with great rapidity, 
and if mixed with that air it detonates violently. Oxygen 
gas produces a still more rapid and brilliant combustion 
than common air. When bubbles of it are made to 
pass up through water, they explode in succession as 
they reach the surface of the liquid ; a beautiful column 
of white smoke is formed. This gas is the most combus¬ 
tible substance known. Its combustion is the combina¬ 
tion of its phosphorus and hydrogen with the oxygen of 
the atmosphere, and-the products arc phosphoric acid and 
water. These substances, mixed or combined, constitute 
the white smQke. 

PHYSICAL. Somctliing belonging to nature, or ex¬ 
isting in it. Thus, we say a physical point, in opposition 
to a mathematical one, which lost only exists in the ima¬ 
gination. Ora physical substance or body, in opposition 

to spirit,or metaphysical substance,&c. 

Physical, or Sensible Horizon. See Horizon. 

Pit yh\co-M at hematics, or Mixed Mathematics , includes 
those branches of physics which, uniting observation and 
experiment to mathematical calculation, explain mathe¬ 
matically the phenomena of nature. 

PHYSICS, called also Physiology, and Natural Philo - 
goplty, is the doctrine of natural bodies, their phenomena, 
causes, and effects, with their various affections, mo¬ 
tions, operations, &c. So that the immediate and proper 
objects of physics, arc body, space, and motion. The 
origin of physics is referred, by the Greeks, to the Bur- 
barians, viz, the brachmans, the magi, and the Hebrew 
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and Egyptian priests. From these it passed to the Greek 
sages or sophi, particularly to Thales, who it is said first 
professed the study of nature in Greece. Hence it de¬ 
scended into the schools of the Pythagoreans, the Plato- 
nists, and the Peripatetics; whence it passed into Italy, 
and thence through the rest' ot Europe : though the 
druids, bards, &c, had a kind ol system o! physics of their 
own.—Physics may be divided, with regnid to the man¬ 
ner in which it has been treated, into the following kinds. 

Symbolical Phvsics, or such as was couched under 
symbols: such was that of the old Egyptians, Pythago¬ 
reans, and Platonists ; who delivered the properties of 
natural bodies under arithmetical and geometrical cha¬ 
racters, and hieroglyphics. 

Pcripatetical Physics, or that of the Aristotelians, 
who explained the nature of things by matter, form, and 
privation, elementary and occult qualities, sympathies, 
antipathies, attractions, &e. 

Experimental Pi! v sics, which inquires into the reasons 
and natures of tilings from experiments : such as those in 
chemistry, hydrostatics, pneumatics, optics, &c. 

Mechanical or Corpuscular Physics, which explains 
the appearances of nature from the matter, motion, struc¬ 
ture, and figure of bodies and their parts; all according 
to the settled laws of nature and mechanics*. Sec each 
of these articles under its proper head. 

PIASTER, a Spanish money, more usually called Piece 
of Eight, about the value of 4s. 6d. 

PIAZZA, popularly called Piachc, an Italian name for 
a portico, or covered walk, supported by arches. 

PIAZZI, a small new primary planet, discovered Jan. 
1, 1800, by the astronomer Piazzi of Palermo. It is also 
called Ceres ; which sec. 

PICA11D(Joiin 9 ) audible mathematician of France, and 
one of the most learned astronomers of the 17 th century, 
was born at Flechc, and became priest and prior of 
Rillc in Anjou. Coming afterwards to Paris, his talents 
for mathematics and astronomy soon made him known and 
respected. In 1666 he was appointed astronomer in the 
Academy of Sciences. And five years after, he was sent, 
by order of the king, to the castle of Uraniburg, built by 
Tycho Brahe in Denmark, to make astronomical obser¬ 
vations there, and from thence he brought the original 
manuscripts, written by Tycho Brah6; which are the 
more valuable, as they differ in many places from the 
printed copies, and contain a book more than has yet 
appeared. These discoveries were /ollowed by many others, 
particularly in astronomy. lie was one of the first who 
applied the telescope to astronomical quadrants: he first 
executed the work called, La Connoissancc des Temps, 
which he. calculated from 1679 to 1683 inclusively: he 
first observed the light in the vacuum of the barometer, 
or the mercurial phosphorus: he also first of any went 
through several parts of J'rance, to measure the degrees 
of the French meridian, and first gave a chart of the 
country, which the Cassinis afterwards* carried to a great 
degree of perfection. He died in 1682 or 1683, leaving 
a name dear to his friends, and respectable to his Contem¬ 
poraries and to posterity. His works are, 

1. A treatise on Levelling. 

2. Practical Dialling by calculation. 

3. Fragments of Dioptrics. 

4. Experiments on Running Water. 

5. Of Measurements. 

6. Mensuration of Fluids and Solids. 
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7. Abridgment <•! the Measure of the I'arth. 

8. Jouriuy to Uranihuig, or Astronomical Observations 
made in Denmark. 

O, Astronomical Observations made in France, 
it), l,a Connoissancr <ies Temps, Irom Io7y to 1683. 

All these, and some other of Ins works which arc much 
esteemed, arc ••iven in the 6th and /th volumes of the 
Memoirs of the Academy of Sciences. 

PICK FT, Piajuel, or Piquet % in Fortification &c, a stake 
sharp at one end, and usually shod with lion, used in 
laying out ground, t<> mark its several bounds and angles. 

’I here arc also larger pickets, driven into the earth, t*» hold 
together fascines or faggots, in works that are thrown up 
in haste. As also various kinds ol smaller pickets lor 
diveis other uses. 

PU CKS, in Artillery, include all kinds of great guns 
and mortars, ; meaning pieces of ordnance, or of artillery. 

PIFDOUCIIF, in Architecture, a little stand, or pe¬ 
destal, either oblong or square, enriched with mouldings; 
serving to suppmt a bust, or other little figure; and is 
more usually called a bracket pedestal. 

PI 1£DUO IT, in Architecture, a kind of square pillar, 
or pier, partly hid within a wall. Differing I ruin the pi¬ 
laster by having no regular base nor capital. 

Pir .droit is also used tor a part <d the solid wall an¬ 
nexed to a door or window ; comprehending the door-post, 
chambrnnle, tableau, leaf,* &c. 

PIKU, in Building, denotes a mass of slonc, &c, op¬ 
posed by way of fortress, against the force of the sea, or 
a great river, for the security of ships lying in any har¬ 
bour or haven. Such are the piers at Dover, or Ramsgate, 
or Yarmouth, &c. 

Piers arc also used in Architecture for a kind of pi¬ 
lasters, or buttresses, raised for, support, strength, and 
sometimes for ornament. 

Circular Piers, are called Massive Columns, and arc 
either with or without caps. These arc often seen in 
Saracenic architecture. 

Piers, of a Bridge, arc the walls built to support the 
arches, ami from which tlu-y spring ns bases, to stand 
upon. Piers should be built of large blocks of stone, 
solid throughout, and crumped together with iron, which 
will make the whole as one solid stone. 1 heir extre¬ 
mities, or ends, from the bottom, or base, up to high- 
water mark, ought to project sharp out with a snliunt 
angle, to divide the stream. Or perhaps the bottom part 
of the pier should be built flat or square up to about half 
the height of low-water mark, to encourage a lodgment 
against it for the sand and mud, to cover the foundation; 
lest, being left bare, the water should in time un¬ 
dermine and ruin it. The best form of the projection 
for dividing the stream, is the triangle; and the longer it 
is, or the more acute the saliant angle, the better it will 
divide it, and the less will the force of the wuter be against 
the pier; but it may be sufficient to make that angle a 
right one, as it will render the masonry stronger, and in 
that case the perpendicular projection will be equal to 
half the breadth or thickness of the pier. In rivers 
where large heavy craft navigate, and pass the arches, it 
may perhaps be better to make the ends semicircular; 
for though this figure does not divide the water so well ns 
the triangle, it will better turn oil, and bear the shock of 
the craft. 

The thickness of the piers ought to be such as will make 
them of weight, or strength, sufficient to support their in* 
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terjacent arch, independent of the assistance of any other 
arches. A«»d then, if the middle of the pier be run up 
to its full height, the centring may be struck, to be used 
in another arch, before the hunches or spandrels are filled 
up. They ought also to be made with a broad bottom on 
the foundation, and gradually diminished in thickness by 
offsets up to low-water mark. 



To find the ibickne re. of the Piers, necessary to sup¬ 
port an arch abm, this is a general rule. Let K be the 
centre of gravity of the half arch adcb, a = its area; 
kl perpendicular to am the span of the arch, on its 
height, and BC its thickness at the crown : then is the thick- 

ness of the pier re = V * 2a). 

The investigations of this rule, and other methods for 
this purpose, may be seen in my Tracts, vol. 1, pa. 72, &c. 

PIKE, an offensive weapon, consisting of a shall of 
wood, 12 or 1+ feet long, headed with n flat-pointed steel, 
called the spear, l’liny says the Lacedemonians were tijjtt 
inventors of the pike. The Macedonian phalanx was evi¬ 
dently a battalion of pikeincn. The pike was long used 
by the infantry, to enable them to sustain the attack of the 
cavalry ; but it is now taken from them, and the bayonet, 
fixed to the muzzle of the firelock, is given instead of it. 

It is still ysed by some officers of infantry, under the name 

of spontoon. _ 

Half Pikf. is the weapon carried by an officer of foot; 

being only 8 or 9 fed long. 

PILASTER, in Architecture, a square column,- some¬ 
times insulated, but more frequently let within a wall, and 
only projecting by a 4th or 5th part of its thickness. 
The pilaster is different in the different orders ; borrowing 
the name of each order, and having the sum? proportions, 
and the same capitals, members, and ornaments, with the, 

columns themselves. . 

Demi Pilaster, called also Membretto, is a pilaster 
that supports an arch ; and it generally stands against a 

pier or column. *. 

PILES, in Building, are large stages, or beams,sharp¬ 
ened at the end, and shod with iron,.to be* driven into the 
ground, for a foundation to build upon in marshy places. 
Amsterdam, and some other cities, are wholly, built upon 
piles. The stoppage of Dagcnhum-brcucli was eflected by 
dove-tail piles, that is by piles mortised into one another 
by a dovetail joint. Piles arc driven down by blows of a 
large iron weight, ram, or hummer, dropped continually 
upon them from a height, till the pile is sunk deep enough 

into the ground: . , , . 

Notwithstanding the momentum, or fot-cc of a body in 
motion, is as the weight multiplied by the velocity, or 
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simply ns its velocity. the tvciplit being eivcn.o: constant ; - 

yet the cried ot the blow will be nearly as tli£ square ot 
that velocity, the effect being the quantity the pile sinks in 
the gronml by the stroke. For the force of the blow, which < 
is transferred to the pile, being destroyed, in some certain 
definite time, by the friction of the part which is within 
the earth, and w Inch is nearly a constant quant ity ; and the 
spaces, in constant forces, being as the squares of the ve¬ 
locities; therefore the effects, which are those spaces sunk, 
are nearly as the square of the velocities ; or, which is the 
same tiling, nearly as tin: heights (alien by the ram or 
hammer, to the head of the pile. See, upon this subject. 
Leopold Belidor, also Desaguliera's Lxper. Philos, vol. 1, 
pa. 330', and vol. 2, pa-417: and Philos. Trans. 177y, 
pa. 120 : also iny Tracts, vol. 3, prob. 2, pa-317- 

There have been various contrivances for raising and 
dropping the hummer, for driving down the piles; some 
simple and moved by strength of nun, and some com¬ 
plex and bv machinery; hut the coippletest pile-driver is 
esteemed that which was employed in driving the piles in 
the foundation of Westminster bridge. This machine was 
the invention of Mr. Vaulouc, and the description ol it is 

as follows. - - ’ 

Description of Vauloue's PiLE-Dr»w. Sec fig. pi. 

A is the great upright shaft or axle, carrying the great 
wheel n and drum c, and turned by lior-es attached to 
the bars s, s. The wheel E turns the trundle x, having a 
fl v o at the top, to regulate the motion, and to act against 
the horses, and keep them from falling when the heavy ram 
is disengaged to drive the pile i* down into the mud &c, 
in the bottom of the river. The drum c is loose upon the 
shaft a, hut is locked to the wheel b by the bolt Y. On 
this drum the great rope it n is" wound ; one end of it being 
Ifixcd to the drum, and the other to the follower c, passing 
over the pulleys t and k. In the follower o are contained 
the tongs f, which take hold of the ram Q, by the staple n 
for drawing it up. i> is a spiral or fusee fixed to the drum, 
on width winds the small ropcT, which goes over the- pul- 
lev u v under the pulley v, and is fastened to the top of 
the frame at 7- To the pulley-block v is hung the coun¬ 
terpoise w, which hinders the follower from accelerating 
as it goes down to take hold of the ram : for, as the fol¬ 
lower tends to acquire velocity in its descent, the line t 
winds downward* upon the fusee, on a larger and larger 
radius, by which means the counterpoise w acts stronger 
and stronger against it; and so allows it to come down 
with only a moderate and uniform velocity. The bolt y 
locks the drum to the great wheel, being pushed upward 
by the small lever 2, which goes through a mortise in the 
shaft a, turns upon a pin in the bar 3 fixed into the great 
wheel b, and has a weight 4, which always tends to push 
up the bolt Y through the wheel into the drum. L is the 
great lever turning on the axis m, anck resting upon the 
forcing bar 5, 5, which goes down through a hollow in the 
shaft At and hears upon the little levijr 2. 

lty tlie horses going round, the great rope u is wound 
about the drum c, and the ram q is drawn up by the tongs 
r in the follower g, till they come between the inclined 
planes E ; which, by shutting the tongs at the top, open 
then) below, and so discharge the ram, which falls down 
between the guide posts bb upon the pile'p, aud drives it 
by a few strokes as far irtto the ground as it can go, or as 
is desired ; after which, the top part is sawed off close to 
the mud, by an engine for that purpose. Immediately 
after the ram is discharged, the piece 6 upon the follower 
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r. takes hold of the ropes an, which raise the end of i -i« 
lever L, and cause its end x io descend and press dovni iho 
forcing bar 5 upon the. hub lever 2. which, by drawing 
down the bolt y, unlocks the drum c from the grout wheel 
B ; and then the follower, being at liberty, comes down by 
its ow n weight to the ram ; and the lower ends o! the tongs 
slip over the staple K, and the weight of their heads causes 
them to fall outward, and shut upon it. Then the weight 
4 pushes up the bolt Y into the drum, which locks it to 
the great wheel, and so the rain is drawn up us before. 

As the follower comes down, it causes the drum to turn 
backward, and unwinds the rope from it, while the hor-.-s, 
the great wheel, trundle, and flv, goon with an uninter¬ 
rupted motion: and as the drum is turning backward, the 
counterpoise w is drawn up, and its rope r wound upon 
the spiral fusee i>- There are several holts in the undci 
side of the drum, and the holt y always lakes the first one 
that it finds when the drum stops by the falling cf the fid- 
lower upon the ram ; till which stoppage, the bolt has not 
time to slip into any of the holes. 

The peculiar advantages of this engine are, that the 
weight, called the ram, or hammer, may be raised with 
the least force ; that, when it is raised to a proper height, 
it readily disengages itself and fulls with the utmost free¬ 
dom ; that the forceps or tongs are lowered down speedily, 
and instantly of themselves again lay hold of the nun, 
and lift it up; on which account tins machine will drive 
the greatest number of piles in the least time, and with 
the fewest labourers. 

This engine was placed upon a barge on the water, and 
so was easily conveyed to any place desired. 1 iie ram 
was a ton weight; and the guides b, b, by which it was let 
fall, were 30 feet high. 

A new machine for driving piles has been invented 
lately by Mr. S. Bunco of Kirby-street, Ilntton-strect, 
London. This, it is said, will drive a greater number <M 
piles in n given time than any other ; and that it can be 
constructed more simply to work by horses than \ auloue « 
engine above described. 

Fig. 3 and 4, plate25, represent a side and front section 
of the machine. The chief parts are, a, fig.,3, which are 
two endless ropes or chains, connected by cross pieces ot 
iron b (fig. 4) corresponding with two cross grooves cut 
diametrically opposite in the wheel c (fig.3) into which 
they are received ; and by which means the rope or chain 
A-is carried round. Fit k is a side-viewofustrong wooden 
frame moveable on the axis ii. u is awheel, over which the 
chain passes and turns within at the top of the frame. It 
moves occasionally from f to o upon the centre it, and is 
kept in the position f by the weight i fixed to the end k. 
In fig. 5, L is the iron ram, which is connected with the 
cross pieces by the hook M-. n is a cylindrical piece of 
wood suspended at-the hook at o, which by sliding freely 
upon the bar that connects the hook to the ram, always 
brings the hook upright upon the chain when at the bot¬ 
tom of the machine, in the position of op. • ec fig. 3. 

When the man at s turns the usual crane-work, the ram 
being connected to the chain, and passing between the 
guides, it is drawn up in a perpendicular direction ; and 
when it is near the top of the machine, the projecting bur 
q of the hook strikes against a cross piece of wood at n 
(fm.3); and consequently discharges the ram, while tha 
i wright of the moveable frame instantly draws the upper 
' wheel into the position shown at f. and keeps the chain 
r free of the ram in its descent. The hook, while desceiul- 
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int', is prevented from catching the chain by the wooden 
piece n : f«»r that piece being specifically lighter than the 
iron \v« ight below, and moving with a less degree ot velo¬ 
city» cannot come into contact with the non, till it is at 
the bottom, and the ram stops. It then tails, and again 
connect' the hook with the chain, which draws up the ram, 
as before. 

Mr. Bunco has made a model of this machine, which 
performs perfectly well : and he observes, that, as the mo¬ 
tion of the wheel c is uninterrupted, there appears to be 
ilu least possible time lost in the operation. 

Pile is also used among Architects, for a mass or body 
of building. 

Pile, in Artillery, denotes a collection or heap of shot 
or shells, piled up by horizontal courses into either a pyra¬ 
midal or else a wedge-like form ; the base being an equila¬ 
teral triangle, a square, or a rectangle. In the triangle and 
square, the pile terminates in a single ball or point, and 
forms a pyramid, as in plate 24, fig. 4 and 5, but with 
the rectangular base, it finishes at top in a row of balls, or 
an edge, forming a wedge, as in.fig. 6.' 

In the triangular and square piles, the number of hori¬ 
zontal rows, or courses, or the number counted on one of 
the angles from the bottom to the top, is always equal to 
the number counted on one side, in the bottom row. And 
in rectangular piles, the number of rows, or courses, is 
equal to the number of balls in the breadth of the bottom 
row, or shorter side of the base : also, in this case, the 
number in the top row, or edge, is one more than the dif¬ 
ference between the length and breadth of the base. All 
which is evident from the inspection of the figures, as above. 

The courses in these piles arc figurate numbers. 

In a triangular pile, each horizontal course is a trian¬ 
gular number, produced by taking the successive sums of 
the ordinate numbers, viz, 

I = 1 - 

1-4-2 =3 

1 -4- 2 -4- 3 =6 

1 + 2 -+» 3 + 4 = 10, &c. - 

And the number of shot in the tiiangular pile, is the 
sum of nil these triangular numbers, taken as far, or to as 
many terms, as the number in one side of the base. There¬ 
fore, to find this sum, or the number of all the shot in 
the pile, multiply continually together, the number in one 
side of the base row, and that number increased by 1, and 
the same number increased by 2 ; then £ of the last pro¬ 
duct will be the answer, or number of all the shot in the 
pile. That is, £ n . n -4- 1 . n -4- 2 is the sum ; where n is 
the number in the bottom row. 

Again, in square piles, each horizontal course is a square 
number, produced by taking the square of the number in 
its side, or the successive sums of the odd numbers, thu9, 

1 = 1 

'1-4-3 =4 

1 -4- 3 -4- 5 = 9 

1 + 3 + 5 h- 7 = II), &c. 

And the number of shot in the square pile is the sum 
of all these square numbers, continued so far, or to as 
many terms, as the number in one side of the base. There¬ 
fore, to find this sum, multiply continually together, the 
number in one side of the bottom course, and that num¬ 
ber increased by 1 ; and double the same number in¬ 
creased by l ; then \ of the last product will be the sum 
or answer. That is, £n •» -4-.1.2 n -4- 1 is the sum. 

In a rectangular pile, each horizontal course is a rect- 


migle, whose two sides have always the same difference as 
those of the base course, and the breadth of the top row, 
or edge, being only 1 : because each course in ascending 
has its length and breadth always less by 1 than the course 
next below it. And these rectangular courses are found 
" by multiplying successively the terms or breadths 1, 2, 3, 

4> &c, by the same terms added to the constant difference 
of the two sides d ^ thus, 

I . 1 d = 1 + d 
2.2 - 4 - d = 4 - 4-2 d 

3 . 3 + d = <) - 4 - 3d 

4.4 -4- d ■= 16' -4- 4 d y &c. 

And the number of shot in the rectangular pile is the 
sum of all these rectangles, which evidently consist of the 
sum of the squares, together with the sum of an arithme¬ 
tical progression, continued till the number of terms be 
the difference between the length and breadth of the base, 
and I less than the edge or top row. Therefore, to find 
this sum, multiply continually together, the number in the 
breadth of the base row, the same number increased by 1, 
and double the same number increased by 1, and also in¬ 
creased by triple the difference between the length and 
breadth of the base ; then j; of the last product will be the 
answer. That is, £6 . b 1 . 26 -+- 3d -4- 1 is the sum : 
where 6 is the breadth of the base, and d the difference be¬ 
tween the length and breadth of the bottom course. 

As to incomplete piles, which are only frustums, as 
wanting a similar small pile at the top; it is evident that 
the nuinbwr in them will be found, by first computing the 
number in the whole pile, as if it were complete, and also 
the number in the small pile wanting at top, both by their 
proper rule ; then subtracting the one number from the 
other. a 

In piling of shot, when room is art object, it may br 
observed that the square pile is the least eligible of any, 
ns it takes up more room, in proportion to the number of 
shot contained in it, than eithcr-of the other two forms; 
and that the rectangular pile is the most eligible, as tak¬ 
ing up the least room in proportion to the number it con¬ 
tains. 

PILLAR, a kind of irregular column, round, and in¬ 
sulated, or detached from the wall. Pillars are not rc- 
stricted to any rules, their parts and proportions being ar¬ 
bitrary ; such for example as those that support Saracenic 
vaults, and other buildings, &c. 

PING11L' (Alexander Guy), a French astronomer, 
was born at Paris in 1711 ; and died in 1796, at 85 years 
of age. Me applied with great assiduity to scientific pur¬ 
suits, and became librarian of St. Genevieve at Paris. In 
1760 be was sent to the South sea, to observe the ap¬ 
proaching transit of Venus over the sun's disk. He was 
afterwards employed in proving the going of the time¬ 
pieces of M. Leroy. He was first admitted a member of 
the Academy of Sciences; and afterwards of the National 
Institute. M. Pingrfc’s works chiefly arc ; 1. State of the 
Heavens from 1754 to 1757. 2. Memoirs of Discoveries 

made in the South sea, 4to. 3. Historical and Theoretical 
Treatise on Comets, 2 vols. 4to. 4. Translation of Mani- 
lius’s Astronomies, 8vo. 5 History of Astronomy in the 
17th century. 

PINION, in Mechanics, is an arbor, or spindle, in the 
body of which arc several notches, which arc catchcd by 
the teeth of a wheel that serves to turn it round. Or a 
pinion is any lesser wheel that plays in the teeth of a larger. 
In a watch, too notches of a pinion are called 
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leaves, ami noi teeth, as in other wheels; anil their num¬ 
ber is commonly 4, 5, (i, 8, &c. 

Pinion of Report, is that pinion, in a watch, commonly 
fixed on the arbor of a great wheel; and which used to 
have but four leaves in old watches : it drives the dial- 
wheel, and carries about the hand. The number of turns 
to be laid upon the pinion of report, is found by this pro¬ 
portion : as the beats in one turn of the great wheel, arc 
to the beats in an hour, so arc the hours on the face of 
the clock (viz 12 or 24), to the quotient of the hour- 
wheel or dial-wheel divided by the pinion of report, that 
is, by the number of turns which the pinion of report 
makes in one turn of the dial-wheel: which in numbers 
is 26^28 : 201<)6 : : 12 : 9-—Or thus; as the hours ol the 
watch’s going, arc to the numbers of the turns of the 
fusee, so°are the hours of the face, to the quotient of the 
pinion of report. So, if the hours be 12, then as 
16: 12: : 12 : 9; but if 24, then as l6 : 12 : : 24: 18. 

This rule may serve to luy the pinion of report on any 
other wheel, thus: as the beats in one turn of any wheel, 
arc to the beats in an hour, so arc the hours of the lace, 
or dial-plate, of the watch, to the quotient of the dial- 
wheel divided by the pinion of report, fixed on the spindle 
of the aforesaid wheel. 

PINT, a measure of capacity, being the 8th part of a 
gallon, both in ale and wine measure, &c. The wine pint 
contains 29 cubic inches ; and the ale pint 3)i cubic 
inches. The wine pint of pure spring water, weighs near 
17 ounces avoirdupois, and the ale pint a little above 20 
ounces.—The Paris pint contains about 2 pounds ol com¬ 
mon water. Ami the Scotch pint contains 108} cubic 
inches, and therefore contains 3 English pints. 

PISCES, the 12th sign or constellation in the zodiac ; 
in the form of two fishes tied together by the tails. Ihc 
Greeks, who have some table to account for the origin of 
every constellation, tell us, that when Venus and Cupid 
were one time on the banks of the Euphrates, there ap¬ 
peared before them that terrible giant lyphon, who was 
so long a terror to all the gods. These deities imme¬ 
diately, they say, threw themselves into the water, and 
were there changed into these two lishcs, the Pisces, by 
which they escaped the danger. But the Egyptians used 
the signs of the zodiac as part of their hieroglyphic lan¬ 
guage, and by the 12 they conveyed an idea of the pro- , 
per employment during the 12 months of the year. Ihc 
Ham and the Bull liacj, at that time, taken to the increase 
of their (lock, the young of those animals being then 
growing up; the maid Virgo, a reaper in the field, spoke 
the approach of harvest; Sagiltary declared autumn the 
time for hunting; and the Pisces, or fishes lied together, 
in token of their being taken, reminded men that the ap¬ 
proach of spring was the time for'fishing. 

The ancients, iu» they gave one of the 12 months of the 
year to the patronage of each of the 12 superior deities, 
so they also dedicated to, or put under fchc tutelage of 
each, one of the 12 signs of the zodiac. In this division, 
the fishes naturally fell to the share of Neptune; and 
hence arises that rule of the- astrologers, which throws 
every thing that regards the fate of fleets and merchan¬ 
dise under the more immediate patronage and protection 
of this constellation.—The stars in the sign Pisces arc, in 
Ptolemy's catalogue 38, in Tychos 36, in Hevelius's 39, 
and in the Britannic catalogue 113. 

P1SC1S Australis , the Southern Fish, is a constellation 
v of the southern hemisphere, being one of the old 48 con¬ 
stellations mentioned by the ancients. Ibe Greeks have 
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here again the fable of Venus and her son throwing them¬ 
selves into the ?ea, to escape from the terrible Typhon. 
This fable i-> probably bon owe d from the hieroglyphics of 
the Egyptians. With them, a li'h represented the sea, its 
element ; and Typhon was probably a land flood, per¬ 
haps represented by the sign Acjtiarius, or water-pourer, 
whose stream or river is n presented as swallowed up by 
this fish, as the land floods and rivcis aie by the sea. And 
Venus was some ijuecn, peihaps 8* nmainis, otherwise 
called Uamamah, who took to the ri\ri or the sea with 
lu r son, in a vessel, to avoid the flood, &c. 1 lie rentalk- 

able star Fomuhaut, of the 1st magnitude, is*just in the 
mouth of this fish. The stars of this constellation are, in 
Ptolemy's catalogue IS, and in Flamsteed's 24. 

Piscis Vo Ians t the Flying Fish, is a small constellation 
of the southern hemisphere, unknown to the ancients, 
bein«» added by the moderns. It is not visible in our lati¬ 
tude, and contains only S stars. 

PISTOLE, a gold coin in Spain, Italy, Switzerland, 

• of the value of about l6$. (id. 

PISTON, a 'part or member in several machines, parti¬ 
cularly pumps, air-pumps, syringes, &c ; called also the 
embolus,and populuily the sucker. The piston of a pump 
is a short cylinder of wood or metal, fitted exactly to the 
cavity of the barrel, or body ; which, being worked up 
and down alternately, raises the water ; and when raised, 
presses it again, so as to make it force up a valve with 
which it is furnished, and so escape through the spout of 
the pump. There are two sorts ol pistons used in pumps ; 
the one with a valve, called a bucket; and the other with¬ 
out a valve, called a forcer. 

PITCH, in Music, is the acuteness or gmvencss of any 
particular sound, or of the tuning of any instrument. A 
sound less acute than some other sound with which it is 
compared, is said to be of a lower pitch than that other 
sound ; and vice versa. 

P1TISCUS (Bartholomew), a German mathemati¬ 
cian. who died in 1013. He was author of two respect¬ 
able mathematical works: l.Trigonomctria first, published 
at Frankfort, in 1599. alargcvol. in tto, being a very com¬ 
plete work on that science, with very large tables of sines, 
tangents, and secants : it afterwards went through several 
editions, and was translated into English by Handson, in 
1614. Seeiny Tracts,vol. 1, pa.2'J4.—2. Thesaurus Mathe- 
maticus, in folio, 1613, being an edition of the large tables 
of llhcticus, with all the numerous errors corrected. 

PI TOT (Henry), a French mathematician, was born 
at Aramont in Languedoc, H>95, and died there in 1771, 
in his 77th year. Pitot learned the mathematics without 
a master, anil repaired to Paris in 1728, where lie was ad¬ 
mitted a member of the Academy of Sciences in 1724. 
Besides a vast number of Lis memoirs printed in the Aca¬ 
demy’s collection, he published in 1731 the Theory of the 
Working of Ships, in 1 vol. 4to ; a work of considerable 
merit, which tvas translated into English, and procured 
the author’s admission into the lloyal Society ol London. 
In 1740, the states-gcncral of Languedoc appointed him 
their chief engineer, with the office of inspector-general of 
the canal which joins the two seas. 'That province is in¬ 
debted to him for several valuable monuments of his 
genius ; and he conducted to Montpellier a copious sup¬ 
ply of water, from q distance ol 9 miles, n work which is 
the admiration of all strangers. 

' PLACE, in Philosophy, that part of infinite space which 
any body possesses. Aristotle and his followers divide 
place into External ami Internal. 
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Internal Place, is that space or room which the body 
contains. Ami 

£i7ciw//'Place, is that which includes or contains the 
body; which is by Aristotle called the first or concave 
and immoveable sui lace of the ambient body. 

Newton, better, and more intelligibly, distinguishes 
place into absolute and relative. 

Absolute and Primary Place, is that part o| infinite and 
immoveable space which a*body possesses. And 

Relative, or Secondary Place, is the space it possesses 
considered with regard to other adjacent objects. 

Dr. Clark adds another kind of relative place, which he 
calls relatively common place; and defines it, that part ol 
any moveable or measurable space which a body possesses; 
which place moves together with the body* 

Place, Mr. Locke observes, is sometimes likewise taken 
lor that portion of infinite space possessed by tlie material 
world ; though this, he adds, were more properly called 
extension. The proper idea of place, according to him, is 
the relative position of any thing, with regard to its di¬ 
stance from certain fixed points; whence it is said a thing 
has or has not changed place*, when its distance is or is not 
altered with respect to those- bodie s. 

Place, in Optics, or Optical Place, is the point to 


which the eye refers an object. 


Optic Place of a star. 


is a point in the surface of the 
mundane,sphere in which a spectator secs the centre of the 
star, «S:c.—This divided into True and Apparent. 
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tgeometrical Plan, is that in which the solid and vacant 
parts are represented in their natural proportion. 

Raised Plan; is that where the elevation, or upright, is 
shown upon llie geometrical plan, so as to hide the distri¬ 
bution.. , . ' 

Per^pectire Plan, is that which is conducted and exhi¬ 
bited by degradations, or diminutions, according to the 
rules of perspective. 

PLANE, <»r Plain, in Geometry, denotes a plane figure, 
or a surface lying evenly between its bounding lines : Lu- 
clid. Some define a plane, a surface, from every point of 
whose perimeter a right line may he drawn to every other 
point in the same, and always coinciding with it.—As the 
right line is the shortest extent from one point to another, 
so is a plane the shortest extension between one line und 
another. 

Planes arc much used in astronomy, conic sections, 
spherics, &c, for imaginary surfaces, supposed to cut and 
pass through solid bodies. When a plane cuts a cone pa¬ 
rallel to one side, it makes a parabola ; when it cuts the 
concobliqucly, an ellipse or hyperbola; and when parallel 
to its base, a circle. Every section of a sphere is a circle. 
'1 lie sphere is wholly explained by planes, conceived to 
cut the celestial bodies, and to till the areas or circum¬ 
ferences of the orbits : and in estimating their inclination, 
they are all referred to the plane, of the earth’s orbit, or 
plane of the ecliptic. 

Plane of a l)inl % is the surface on which a dial is sup- 


Truc, or Real Optic Place, is that point of the surface . posed to be described. 


of the sphere, where a spectator at the centre of the earth 
would see the star, &c. 

Apparent, or Visible Optic Place, is that point of the 
surface of the sphere, where a spectator at the surface of 
the earth sees the star, &c.—The distance between these 
two optic places makes what is called the parallax. 

Place of the Sun, or Moon, or Star , or Planet, in Astro¬ 
nomy, simply denotes the sign and decree'of the zodiac 
which the luminary is in; and is usually oxpiessed either 
by its latitude end longitude* or by its right ascension and 
declination. f * * 

Place of Radiation, in Optics, is the interval or space 
in a medium, or transparent body, through which any vi¬ 
sible object radiates. 

Place, in Geometry, usually called Locus , is a line used 
in the solution of problems, being that in which the deter¬ 
mination of every case of the problem lies. See Locus, 
Plane , Simple , Solid , &c. *, . 

Place, in War und Fortification, a general name for 
all kinds of fortresses, where a party may defend them¬ 
selves. 

Place of Arms, a strong part where the arms &c, arc 
deposited, und where usually the soldiers assemble and arc 
drawn up. 

PLAFOND, or Platfond, in Architecture, the ceiling 
of a room. 

PLAIN &c. See Plane. * 

PLAN, a representation of something, drawn on a plane. 
Such as maps, charts, and ichnogruphics. 

Plan, in Architecture, is particularly used for a 
draught of a building ; such as it appears, or is intended 
to appear, on the ground ; showing the extent, division, 
and distribution of its area into apartments, rooms, pas¬ 
sages, &c. It is also called the ground plot, platform, and v 
ichnograpby of the building; and is the first device or 
sketch the architect makes. 


Plane, in Mechanics: A Horizontal Plane, is a plane 
that is level, or parallel to the horizon. 

Inclined Plane, is one that makes an oblique angle with 
a horizontal plane. The doctrine of the motion of bodies 
on inclined planes, makes a very considerable article in 
mechanics, and has been fully explained under the articles, 
Mechanical Powers , and Inclined Plane . 

Plane of Gravity, or Gravitation , is a piano supposed 
to pass through the centre of gravity of the body, and in 
the direction of its tendency ; that is, perpendicular totliu 
horizon. 

Plane of Refection, in Catoptrics, is a plane which 
passes through the point of reflection; and is perpendi¬ 
cular to the plane of the glass, or reflecting body. 

Plane of IIfraction, is a plane passing through the in¬ 
cident and refracted ray. 

PerspeciiveVLASZ, is a plane transparcntsurface, usually 
perpendicular to the horizon, and supposed to be placed 
between the spectator's eye and the object he views; 
through which the optic rays, emitted from the several * 
points of the object, aro supposed to pass to the eye, and 
in their passage to leave marks that represent them on the 
said plane.—Some calf this the table, or picture, because 
the draught or perspective of the object is supposed to be 
upon it. Others call it the section, from its cutting the 
visual rays; and others again the gloss, from its supposed 

transparency. . ; ... 

Geometrical Plane, in Perspective, is a plane pnraltcl 

to the horizon, upon which the object is supposed to be 
plucod that is to be drawn. 

Horizontal Plane, in Perspective, is a plane passing 
through the spectator’s eye, parallel to the horizon. 

Vertical Plane, in Perspective, is-a piano passing 
through the spectator's eye, perpendicular to the geome¬ 
trical plane, and usually at right angles to the perspective 
plane. 
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Objective Plane, in Perspective, is any plane situate in 
the horizontal plane, of which the representation in per¬ 
spective is required. 

Plane of the Horopter , in Optics, is a plane passing 
through the horopter An, and perpendicular to a plane 
passing through the two optic axes cn and ci. See the 
tig. to the article Horopter. 

Plane of (he Projection, b the plane upon which the 
sphere is projected. 

Plane /J/ig/e, is an angle contained under two right 
lines or surfaces.—It is so called in contradistinction to a 
solid angle, which is formed by three or more planes; and 
to a spherical angle, contained between two arcs of great 
circles on a sphere. 

Plane Triangle , is a triangle formed by three right 
lines; in opposition to a spherical and a mixt triangle. 

Plane 'Trigonometry is the doctrine of plane triangles, 
tlieir-ineasurcs, proportions, &c. 

Plane Glass, or Minor , in Optics, is a glass or mirror 
having a.'flat or even surface. 

Plane Chari , in Navigation, is a sea-chart, having the 
meridians and parallels represented by parallel straight 
lines; and consequently having the degrees of longitude 
the same in every part, bee Chart. 

Plane Number, is that which may be produced by the 
multiplication of two numbers, the one by the other. 
Thus, 6 is a plane number, being produced by the multi¬ 
plication of the two numbers 2 and 3 ; also 13 is a plane 
number, being produced by the multiplication of the 
numbers 3 and 5. See Number. 

' Plane Place, Locus Planus, or Locus ad Planum , is a 
term used by the ancient geometricians, fora geometrical 
locus, when it was a* right line or a circle, in opposition to 
a solid place, which was one of the conic sections. These 
plane loci are distinguished by the moderns into loci ad 
rectum, and loci ad circulum. See I.ocus. 

Plane Problem, is such a one as cannot be resolved 
geometrically, but by the intersection either of a right 
line and a circle, or of the circumferences of two circles. 
Such as the following: viz, Given the hypolhonusc, and 
the sum of the other two sides, of a right-angled triangle; 
to find the triangle. Or this : Of four given lines to form 
a trapezium of a given area. 

Plane Sailing, in Navigation, is the art of working the 
several cases and varieties in a ship’s motion on a plane 
chart; or of navigating a ship upon principles deduced 
'from the notion of the earth's being an extended plane. 
This principle, though notoriously false, yet places being 
laid down accordingly, and a long voyage broken into 
many short ones, the voyage may be performed tolerably 
well by it, especially near the same meridian. 

In pluin sailing, it is supposed that these three, the 
rhumb line, the meridiun, and parallel of latitude, will al¬ 
ways form a right-angled .triangle; and so posited, as that 
the perpendicular side will represent part of the meridian, 
or north and south line, containing the difference of lati¬ 
tude; the base of the triangle, the departure, or east and 
west line ; and the hypothcnusc the distance sailed. The 
amde at the vertex is the course ; and the angle at the base, 
the complement of the course ; any two of which, besides 
the right angle, being given, the triangle inay be protracted, 
and the other three parts found.—For the doctrine of 
plane sailing, *cc Sailing. 

Plane Scale , is a thin ruler, on which arc graduated 
the lines of chords, sines, tangents, secants, leagues. 


rhumbs, 6cc ; being of great use in most paits of the ma¬ 
thematics, but especially in navigation. See its description 
and use under Sca lk. 

Plane Table, an instrument much used in land-sur¬ 
veying; by which the draught or plan is taken upon the 
spot, as the survey or measurement goes on, without any 
luture protraction, or plotting. 1 ln> instrument consists 
of a plane rectangular board, of any comenient size, the 
centre of which, when used, is fixed bv means of screws 
to a three-legged stand, having a ball and socket, or uni¬ 
versal joint, at the lop, by means oi which, when the legs 
are fixed on the ground, the table is inclined mans direc¬ 
tion. To the table belongs, 

1. A frame of wood, made to fit round its edges, for the 
purpose of fixing a sheet of paper upon the table. The 
one side ol this frame is usually divided into equal parts, 
by which to draw lines across the table, parallel or per¬ 
pendicular to the sides; and the other side of the frame is 
divided into 300 degrees, from a ccntic which is in the 
middle of the table ; by means of which ih • table is to be 
used as a theodolite, &c. 

2. A magnetic needle and compass screw ed into the side 
of the table, to point out directions and be a check upon 
the sights. 

3. An index, which is a brass two-foot scale, cither with 
a small telescope, or opcn*sight$ erected perpendicularly 
upon the ends. These sights and the fiducial edge of the 
index arc parallel, or in the same plane. 

General Use of the Plane Table. 

To use this instrument proneily, take a sheet of writing 
or drawing paper, aiul wet it to make it expand ; then 
spread it fiat upon the table, pressing dou n the frame upon 
the edges, to stretch it, and keep it fixed theie ; and when 
the paper is become dry, it w ill, by shrinking again,sticlch 
itself smooth and flat from any cramps or unevenness. 
Upon this paper is to be drawn the plan or form of the 
thing measured. 

The general use of this instrument, in land-surveying, 
is to begin by setting up the table at any "part of the 
ground you think the most proper, and make a point upon 
a convenient part of the paper or table,' to represent that 
point of the ground ; then fix in that point of the paper 
one leg of the compasses, or a fine steel pin, and apply to 
it the fiducial edge of the index, moving it round the table, 
close by the pin, till through the sights you perceive some 
point or remarkable object, as the corner of a field, or a 
picket set up. See; and from the station point draw a dry 
or obscure line along the fiducial edge of the index. Then 
turn the index to another object, and draw a line on the 
paper towards it. Do the same by another ; and so on 
till as many objects arc set as may be thought necessary. 
Then measure from your station towards as many of the 
objects as may be necessary, ami no more, taking the re¬ 
quisite offsets to corners or crooks in the hedges. Sec ; lay¬ 
ing the measured distances, from a proper scale, down 
upon the respective lines on the paper. Then move the 
‘table to any of the proper places measured to, for a second 
station, fixing it there in the original position, turning it 
ubout its centre for that purpose, both till the magnetic 
needle point to the same degree of the compass as at first, 
and also by laying the fiducial edge of the index along the 
line between the two stations, and turning the table till 
through the index the former station quit be seen; and then 
fix the talkie there : from this new station repeat the same 
operations as at the former j setting several objects, that 
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i«, drawing lines towards them, on the paper, by the edgo 
of the index, measuring Vnd laying" off the distances. And 
i Inis proceed from station to station ; measuring only such 
lines as are necessary, and determining as many as you 
can l»y intersecting lines of direction drawn from different 
stations. 

Of Shifting the Paper on the Plane Table. When one 
paper is full of the lines &c measured, and the survey is 
not yet completed ; draw a line in any manner through 
the farthest point of the last station line to which the work 
can he conveniently hr.d down ; then take the sheet oft the 
table, and fix another fair sheet in its place, drawing a 
line upon ir, in a part of it the most convenient lor the 
rest of the woik, to represent the line drawn at the end 
of the woik on the former paper. Then fold or cut the 
old sheet by the line drawn upon it; apply it so to the line 
on the new sheet, and, as they lie together in that position, 
continue or produce the Inst station line of the old sheet 
upon the new one; and place upon it the remainder ol the 
measurement of that line, beginning at where the work 
left oft on the old sheet. And so on, from one sheet to 
another, till the whole work is completed. 

But it is to be noted, that if the said joining lines, upon 
the old and new sheet, have not the same inclination to 
the side of the table, the needle will not respect or point 
to the original degree of the compass, when the table is 
rectified. But if the needle be required to respect still 
the same degree of the compass, flic easiest way then of 
drawing the lines in the same position, is to draw them 
both parallel to the same sides of the table, by means of 
the equal parallel divisions marked on the other two sides 
of the frame. 

When the work of surveying is done, and you would 
fasten all the sheets together into one piece, or rough plan, 
the aforesaid lines arc to he accurately joined together, in 
the same manucr as when the lines were transferred from 
the old sheets to the new ones. 

PLANET, or Wandering Star % in Astronomy, is a ce¬ 
lestial body revolving about the sun, or some other 
planet, as a centre, or focus, in nearly a circular orbit, or 
in an ellipse of small cxccntricity. 

The planets arc usually distinguished into primary and 
secondary. 

Primary Planets, arc those that revolve about the 
sun as a centre, or focus; such as Mercury, Venus, the 
earth, &c. 

Secondary Planets, at;c such as revolve about a pri¬ 
mary planet as a centre, as the primary ones do about the 
sun; being more commonly called satellites; such is 
ounnoon,and the satellites ol Jupiter, Saturn,and Uranus.* 
See Satellite. 

The primary planets arc again distinguished into Su¬ 
perior and Inferior. 

The Superior Planets are those which arc above the 
earth, or farther from flic sun; as Mars, Vesta, Juno, &c. 

The Inferior Planets are those that are below the earth, 
os Mercury and Venus. 

Till very lately the number of the primary planets was 
esteemed only six, which it was thought constituted the 
whole of our planetary system: these were Mercury, 
Venus, Earth, Mars, Jupiter, and Saturn; all of which 
it appears have been known from the highest antiquity. 

But the great perfection to which telescopes have been 
. brought, has, within a fevvyears, nearly doubled thenumber 
of the planets. Dr. Idcrschcl discovered Uranus at Bath, 
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March 13, 1781. This planet was first named, in honour 
of his present majesty, the Georgium Sidus, while some 
astronomers called it Herschcl, from its discoverer; but 
both these names have now given way to that of Uranus. 

An eighth planet, Ceres, was discovered by Pinzzi, at 
Palermo in Italy, January 1st, 1801. % 

A ninth, Pallas, was discovered by Dr. Olbers, at Bre¬ 
men, on March 28 th, 1802. 

A tenth, Juno, was first observed by Mr. Harding, at 
Lilienthal near Bremen, on the 1st of September 1804. 

And finally, another new planet, Vesta, making the 
number of planets in our system eleven, was discovered 
by Dr. Olbers, at Bremen, March 29th, 1807 ; bejng the 
second that this celebrated astronomer had discovered in 
5 years. Four out of the five new planets have their 
orbits between those of Mars and Jupiter; these arc 
Vesta, Juno, Pallas, and Ceres; hut the other, Uranus, 
is the highest in our system. The order of the planets is 
therefore as follows; Mercury, Venus, Earth,Mars, Vesta, 
Juno, Pallas, Ceres, Jupiter, Saturn, and Uranus. 

The planets were represented by the same characters us 
the chemists use to represent their metals by, on account 
of some supposed analogy between those celestial and 
the subterraneous bodies. Thus, 

Mercury, the messenger of the Gods, represented by , 
the same us that metal, imitating a man with wings on his 
head and feet, is a small bright planet, with a light tinct 
of blue, the sun's constant attendant, from whose side it 
never departs above 28 degrees, and by that means 'is 
usually hid in his splendour. It performs its course 
around him in about 3 months. 

Venus, the goddess of love, marked $ , from the figure 
of a woman, the same ns denotes copper, from a slight 
tinge of that colour, or verging to a light straw colour. 
She is a very bright planet, revolving next above Mer¬ 
cury, and never appears above 48 degrees from the sUn, 
finishing her course about him in about 7 months. When 
this planet goes before the sun, or is a morning star, it has 
been called Phosphorus, and also Lucifer ; and when fol¬ 
lowing him, or when it shines in the evening as nn evening 
star, it is called Hesperus. 

Tcllus, the Earth, next above Venus, is denoted by ©, 
and performs its course abou£ the sun in the space of a 
year. • . i 

Mars, the god of war, characterized <? , a man hold¬ 
ing out a spear, the same as iron, is a ruddy fiery,-co- 
loured planet, urfd finishes his course about the sun in 
about 2 years. 

Vesta, Juno, Pallas, Ceres, are the planets next in oi<- 
der, and their periods of revolution about the sun are as 
below : Vcsln in days; Juno in 2007* days; Pallas 
in 1682 days; and Ceres in 1681 days. These four pla¬ 
nets arc too small to be distinguished by the naked eye. 

Jupiter, the chief'god, or thundcrcr, marked 4, to 
represent the thunderbolts, denoting the some as tin, from 
his puro white brightness. This planet is next above 
Mars, and completes its couisc round the sun in about 12 
years. 

Saturh, the father of the Gods, is expressed by Jj , tq 
imitate an old man supporting himself with a staff, und is 
the same as denotes leud, from his fecblc^light and dusky 
colour. Me revolves next above Jupiter, and performs hij 
course in about 30 years. 

Lastly. Uranus, the Georgian* or Herschel, is denoted 
by y, the initial of his name, with a cross for the Chris- 
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tian planet, or that discovered by the Christians. This is 
the highest, or outermost, of the known planets, and re¬ 
volves around the sun in the space of about 5)0 years. 

It is to be regretted that all the new planets have not 
been called by the names of their respective discoverers, 
instead of the fanciful and unmeaning names that haCe 
been imposed on them by the continental astronomers. 

From these descriptions a person may easily distinguish 
all the old planets. For if, after sun-set, lie sees a planet 
nearer the cast than the west, he may conclude it is nei¬ 
ther Venus nor Mercury; and he may determine whe¬ 
ther it is Saturn, Jupiter, or Mars, by the colour, light, 
and magnitude: by which also he may distinguish be¬ 
tween Venus and Mercury. 

It is probable that all the planets are dark opake bodies, 
similar to the earth, and for the following reasons. 

1. Because, in Mercury, Venus, and Mars, only that 
part of the disk is found to shine which is illuminated by' 
the sun ; and again, Venus and Mercury, when between 
the sun and the earth, appear like maculae or dark spots 
on the sun's face: from which it is evident, that those 
three planets are opake bodies, illuminated by the bor¬ 
rowed light of the sun. And the same appears of Jupi¬ 
ter, from his being void of light in that part to which 
the shadow of his satellites reaches, as well ns in that part 
turned from the sun : and that his satellites are opake, 
and reflect the sun's light, like the moon, is abundantly 
shown. Moreover, since Saturn, with his ring anti satel¬ 
lites, and also Herschel, with his satellites, only yield a 
pale light, considerably fainter than that of the rest of the 
planets, and than that of the fixed stars, though these be 
vastly more remole; it is past a doubt that these planets 
too, with their attendants, arc opake bodies. 

2. Since the sun's light is not transmitted through Mer¬ 
cury or Venus, when placed against him, it is plain they 
are dense opake bodies; which is likewise evident of Ju¬ 
piter, from his hiding the satellites in his shadow; and 
therefore, by analogy, the 6amc may be concluded of Sa¬ 
turn, and all the rest. 

3. From the variable spots of Venus, Mars, and Jupiter, 
it ib evident that these planets have a changeable atmo¬ 
sphere ; which kind of atmosphere, by a like argument, 
may be inferred of the satellites of Jupiter; and there¬ 
fore, by similitude, the same may be concluded of the 
other planets. 

4. In like manner, from the mountains observed in tho 
moon and Venus, the same may be supposed in the other 
planets. 

' 5. Lastly, since all these planets arc opake bodies, 
shining with the sun's borrowed light, arc furnished with 
mountains, and are encompassed with a changeable atmo¬ 
sphere; we may infer that they have waters, seas &c, as 
well as dry land, and are bodies like the moon, and there¬ 
fore like the earth. And hence, it seems also probable, 
that the other planets have their animal inhabitants, as 
well as our earth has. ’ 

Of the Orbits <f the Planets. 

Though all the primary planets revolve about the sun, 
their orbits are not circles, but ellipses, having the 6un in 
one of the foci. This circumstance was first discovered 
by Kepler, from the observations of Tycho Brah6; before 
that, all astronomers took'the planetary orbits for cxcen- 
tric circles. All tho planes of these orbits intersect in 
the sun; and the line in which the plane of .each orbit 
cuts that of the earth, is called the Line of the nodes; 
Vol. II. 
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and the two points in which the orbits themselves (ouch 
that plane, are the Nodes ; also the angle in which each 
plane cuts that of the ecliptic, is called the Inclination of 
the plane or orbit.— 1 he distance between the centre o' 
the sun, and the centre of each orbit, is called the cxccn 
tricity of the planet, or of its orbit. 

The Motions of the Planets. 

The motions ol the primary planets are very simple, 
and tolerably uniform, as being compounded only of a 
projectile motion, forward in a right line, which is a tan¬ 
gent to the orbit, and a gravitation towards the sun at the 
centre. Besides, being at such vast distances from each 
other, the effects of their mutual gravitation towards one 
another are in a considerable degree, though not altoge¬ 
ther, insensible : lor the action ol Jupiter upon Saturn, 
for ex. is found to be of the action of the sun upon 
Saturn, by comparing the matter of Jupiter with that of 
the sun, and the square of the distance of each from Sa¬ 
turn. So that the elliptic orbit of Saturn will be found 
more just, if ii* focus be supposed not in the centre of the 
sun, but in the common centre of gravity of the sun and 
Jupiter, or rather in the common centre of gravity of the 
sun and all the other planets. In like manner, the ellip¬ 
tic orbit of any other planet will be found more accurate, 
by supposing its focus to be in the common centre of gra¬ 
vity of the sun and all the planets that are below it. But 
the matter is far otherwise, in respect of the secondary 
planets: for every one of these, though it chiefly gravi¬ 
tates towards its respective primary one, as its centre, vet 
at equal distances from the sun, it is also attracted to¬ 
wards him with an equally accelerated gravity, as the pri¬ 
mary one is towards him; but at a greater distance with 
less, and at a nearer distance with greater: from which 
double tendency towards the sun, and. towards their own 
primary planets, it happens, that the motion of the satel¬ 
lites, or secondaryjdancts, is very much compounded, and 
affected with various inequalities. 

The motions even of" the primary planets, in their el¬ 
liptic orbits, are not equable, because the sun is not in their 
centre, but their focus. Hence they move, sometimes faster 
and somclimcs'slowcr, as they are nearer to or farther from 
the sun ; but yet these irregularities are all certain, and 
follow according to an immutable law. Thus, the ellipsis 
pea &c, representing the orbit of 
a planet, and tlie focus s the sun's 
place : the axis of the ellipse ap, is 
the line of the apses; the point a, 
the higher apsis or aphelion ; p the 
lower apsis or perihelion ; cs the 
excentricity; and ES the planet's 
mean distance from the sun. Now 
the motion of the planet in its peri¬ 
helion p is swiftest, but in its aphe¬ 
lion a it is slowest; and at e the 
motion as well as the distance is a 
mean, being there such as would describe the whole or¬ 
bit in the same time it is really described in. And tho 
law by which the motion in every point is regulated, is 
this, that a line or radius drawn from the centre of tho 
sun to the centre of the planet, and thus carried along 
with an angular motion, always describes au elliptic area 
proportional to the time; that is, the trilineal area asb, 
is to t|io area as a, as the time the planet is in moving 
over ab, to the time it is in moving over ao. This law 
was first discovered by Kepler, from observations; and 
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has since been accounted for and demonstrated by Sir 
Isaac Newton, from the general laws of attraction and 
projectile motion. 

As to the periods and velocities of the planets, or the 
times in which they perform their courses, they are found 
to have a wonderful harmony with' their distances from 
the sun, and with one another: the nearer each planet 
being to the sun, the quicker still is its motion, and its 
period the shorter, according to this general and regular 
law ; viz, that the squares of their periodical times are as 
the cubes of their mean distances from the sun or focus 
of their orbits. The knowledge of this law we owe also 
to the sagacity of Kepler, who found that it obtained in 
all the primary planets; as astronomers have since found 
it also to hold good in the secondary ones. Kepler in¬ 


deed deduced this law merely from observation, by a com¬ 
parison of the several distances of the planets with their 
periods or times : the glory of investigating it from physi¬ 
cal principles is due to Sir Isaac Newton* who has de¬ 
monstrated that, in the present state of nature, such a 
ldw was inevitable. 

The phenomena of the planets are, their Conjunctions, 
Oppositions, Elongations, Stations, Rt-rrogradations, Pha¬ 
ses, and Eclipses; for which see the respective articles. 
For a view of the comparative magnitudes of the planets, 
and of their several distances, &c; see the articles Orbit 
and Solar System, as also Plate 2fi, fig. 1. —The fol¬ 
lowing Table contains 11 synopsis of the distances, magni¬ 
tudes, periods, &c, of the several planets, according to 
the latest observations and improvements. 


Table of the Planetary Motions, Distances, &c. 
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A planet’s motion, or distance from its apogee, is called 
the mean anomaly of the planet, and is measured by the 
area it describes in the given time: when the planet ar¬ 
rives at the middle of its orbit, or the point E, the area or 
time is called the true anomaly. When the planet's motion 
is reckoned from the first point of Aries, it is called its 
motion in longitude ; which is either mean or true; viz, 
mean, which is such as it would have were it to move 
uniformly in a circle ; and true, which is that with which 
the planet actually describes its orbit, and is measured by 
the arc of the ecliptic it describes. And hence may be 
found the planet’s place in its orbit for any given time after 
it has left the aphelion : for suppose the area of the ellipsis 
be so divided by the line so, that the whole elliptic area 
may have the same proportion^ to the part asg, as the 
whole periodical tiore in which the planet describes its 
whole orbit, has to tire given time ; then will c be the 
planet's place in its orbit sought. 

PLANETARIUM, an astronomical machine, contrived 
to represent the motions* orbits, &c, of the planets, as they 
really are in nature, or according to theCopcrnican system. 
The larger kind of them are called Orreries. Sec Orrery. 

A remarkable machine of this sort was invented by 
Huygens, and described in his Opusc. Posth. tom. 2. 
p. 157, edit. Amst. 1728, which is still preserved among 
the curiosities of the university at Leyden. In this plane¬ 
tarium, the five primary planets perform their revolutions 
about the sun, and the moon performs her revolution about 
the earth, in the same time that they are really performed 
in the heavens. Also the orbits of the moon and planets 
arc represented with their true proportions, excentricity, 
position, and declination from the ecliptic or orbit of the 
earth. So that by this machine the situation of the planets, 
with the conjunctions, oppositions, &c, may be known, 
not only for the presenr time, but for any other time, 
cither past or yet to come; as in a perpetual ephemeris. 

There was exhibited in London, viz) in the year 1791* 
a still much more complete planetarium of this kind ; 
called a planetarium or astronomical machine, which 
exhibited the most remarkable phenomena, -motions, and 
revolutions of the universe. Invented, and partly executed, 
by the celebrated M. Phil.*Matlhcw Hahn, member of 
the academy of science*at Erfurt. But finished and com¬ 
pleted by Mr. Albert de Mylius." This is a most stupen¬ 
dous and elaborate machine ; consisting of the solar sys¬ 
tem in general, with ull the orbits und planets in their due 
proportions and positions ; as also the several particular 
planetary systems of such as have satellites, as of the 
earth, Jupiter, &c; the whole kept in continual motion 
by a chronometer, or grand eight-day clock ; by which 
all these systems are made perpetually to perform all their 
motions exactly as in nature, exhibiting at all times the 
true and real motions, positions, aspects, phenomena, &c, 
of all the celestial bodies, even to the very diurnal rota¬ 
tion of the planets, and the unequal motions in their ellip¬ 
tic orbits. A description was published of this most 
superb machine; and it was purchased and sent as one 
of the presents to the ejnperor of China, in the embassy 
.of Lord Macartney, in the year 1793. 

But the planetarium* or orreries now most commonly 
used, do not represent the true times of the celestial mo¬ 
tions, but only their proportions; and are not kept in con¬ 
tinual motion by a clock, but are only turned round occa¬ 
sionally with the hand, in order to give young beginners 
an idea of the planetary system; as also, if constructed 


with sufficient accuracy, to resolve problems, in. a coarse 
way, relating to the motions of the planets, and of the 
earth and moon, &c. 

Dr. Dcsaguliers (Exp. Philos, vol. 1, p. 430,) describes 
a planetarium of hi^’own contrivance, which is one 
of the best of the c«Anmon sort. The machine is con¬ 
trived to be rectified or set to any latitude ; and then by 
turning the handle of the planetarium, all the planets per¬ 
form their revolutions round the s'un in proportion to their 
periodical times, and they carry indices which show the 
longitudes of the planets, by pointing to the divisions gra¬ 
duated on circles for that purpose. 

The planetarium represented in fig. 1, plate 22, is an 
instrument contrived by Mr. Win. Jones, of llolborn, Lon¬ 
don, mathematical instrument maker, who has paid con¬ 
siderable attention to such machines, to bring them to a 
great degree of simplicity and perfection. It represents 
in a general manner, by various parts of its machinery, 
all the motions and phenomena of the planetary system. 
This machine consists of, the Sun in the centre, with the 
Planets in the order of their distance from him, viz, Mer¬ 
cury, Venus, the Earth and Moon, Mars, Jupiter with 
his moons, and Saturn with his ring and moons ; and to 
it is also occasionally applied an extra long arm lor the 
Georgian Planet and his moons. To the earth and moon 
is applied a frame CD, containing only four wheels and 
two pinions, which serve to preserve the earth’s axis in its 
due parallelism in its motion round the sun, and to give 
the moon at the same time her due revolution about the 
earth. Theso wheels are connected with the wheel-work 
in the round box below, and the whole is set in motion 
by the winch it. The arm M that carries round the mbon, 
points out on the plate c her age and phases for any situa¬ 
tion in her orbit, upon which they areengiaxed. In like 
manner the arm points out her pluce in the ecliptic d, in 
signs and degrees, called her geocentric place, that is, as 
seen from the earth. The moon’s orbit is represented by 
the flat rim a ; the two joints of it, upon which it turns, 
denoting her nodes ; and the orbit being made to incline 
to any required angle. The terrclla, or little earth, of 
this machine, is usually made of a three-inch globe pa¬ 
pered, See, for the purpose; und by means of the termi¬ 
nating wire that goes over it, points out the changes of 
the seasons, und the different lengths of days and nights 
more conspicuously. By this machine are seen at once 
all the planets in'morion about the Sun, with the same re¬ 
spective velocities and periods of revolution which they 
have in the heavens ; the wheelwork being calculated to 
a minute of time, from the latest discoveries. Sec Mr. 
Jones’s Description of his new portable Orrery. 

PLANETARY, something that relates to the planets. 
Thus we say, planetary worlds, planetary inhabitants, 
planetary motions, &c. Huygens and Fontenclle bring 
several probable arguments for the reality of plunetary 
worlds, animals, plants, men, &c. , 

Planetary System , is the system or assemblage of 
the planets, primary and secondary, moving in their re¬ 
spective orbits, round their common centre the sun. See 
Solar System. 

Planetary Days. With the ancients, the week was 
shared among the seven planets, each planet having its 
day. This we learn from Dion Cassius and Plutarch, 
Sympos. lib. 4. q. 7- Herodotus adds, that it was the 
Egyptians who first discovered what god, that is what 
planet, presides over each day; for that aiftong this people 
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flic planets were directors. And lienee it is, that in most 
European languages the days of the week are still deno¬ 
minated from tin* planets; as Sunday, monday, &c. 

Planetary Dials, arc such as have the planetary 
hours inscribed on them. 


Planetary Hours, are the 10th parts of the artificial 
day and night. See Planetary Hour. 

Planetary Squares, arc the squares of the seven num¬ 
bers from 3 to 9> disposed magically. Cornelius Agrippa, 
in his book of magic, has given the construction of the 
se\en planetary squares. And M. Poignard, canon of 
Brusstls, in his treatise on sublime squares, gives new, 
general, and easy methods, for making the seven plane¬ 
tary squares, and all others to infinity, by numbers in all 
kinds of progressions. Sec Magic Square . 

Planetary Years, the periods of time in which the 
several planets make their revolutions round the sun, or 
earth.— As from the proper revolution of the earth, or the 
apparent revolution of the sun, the solar year takes its 
original; so from the proper revolutions of the rest of the 
planets about the earth, as many kinds of years arise ; 
\iz, the Saturnian year, which is defined by 29 Egyptian 
years 1/4- days 58 minutes, equivalent in a round number 
to 30 solar years. The Jovial year, containing 11 years 
317 days 14 hours 27 minutes. The Martial year, con¬ 
taining 1 year 321 days 23 hours 31 minutes. For Venus 
and Mercury, as their years, when judged of with regard 
to the earth, are almost cquul to the solar year; they arc 
more usually estimated from the sun, the true centre of 
their motions: in which case the former is equal to 224- 
days 16 hours 49 minutes; and the latter to 87 days 23 
hours 16 minutes. 

PLANIMETRY, that part of geometry which considers, 
lines and plane figures, without any regard to heights or 
depths.—Planimetry is particularly restricted to the men¬ 
suration of planes and other surfaces; as contradistinguish¬ 
ed from stereometry, or the mensuration of solids, or capa¬ 
cities of length, breadth, and depth.—Planimetry is per¬ 
formed by means o! the squares of long measures, as square 
inches, square feet, square yards. &c ; that is, by squares 
whose side is an inch, a foot, a yard, &c. So that the 
area or content of any .surface is said to be found, when 
it is known how many such square inches, feet, yards, &c, 
it. contains. See Mensuration and Surveying. 

PLANISPHERE, a projection of the sphere, and its 
various circles, on a plane; as upop paper or the like. 
In this sense, maps of the heavens and the earth, exhi¬ 
biting the meridians and qther circles of the sphere, may 
be called planispheres. 

Planisphere is sometimes also considered as an astrono¬ 
mical instrument, used in observing the motions of the 
heavenly bodies ; being a projection of the celestial sphere 
upon a plane, representing the stars, constellations, &c, 
in their proper situations, distances, &c. As the Astro¬ 
labe, which is a common name for all such projections. 

In all planispheres the eye is supposed to be in a point, 
viewing all the circles of the sphere, and referring them 
to a plane beyond them, against which the sphere is as it 
were flattened: and this plane is called the Plane of Pro¬ 
jection, which is ulways some one of the circles of the 
sphere itself, or parallel to some one. 

Among the infinite number of planispheres which may 
be furnished by the different planes of projection, and the 
different positions of the eye, there are two or three that 
have been preferred to the rest. Such as that of Ptolemy, 


where the plane of projection is parallel to the equator! 
that of Gemma Frisius, where the plane of projection is 
the colurc, or solstitial meridian, and the eye the pole of 
the meridian, being a stereograpbical projection : or that 
of John de Royas, a Spaniard, whose plane of projection 
is a meridian, and the eye placed in the axis of that me¬ 
ridian, at an infinite distance ; being an orthographical 
projection, and called the Analcinma. 

PLANO-Concmr glass or lens, is that which is plane 
on one side, and concave on the other. And 

Plan o~Convcx glass or lens, is that which is plane on 
one side, and convex on the other. See Lens. 

PLAT-Band, in Architecture, is any flat square 
moulding, whose height much exceeds its projccture* 
Such are the faces of an architrave, and the plat-bands of 
the inodillions of a cornice. 

PLATFORM, in Artillery and Gunnery, a small eleva¬ 
tion, or a floor of wood, stone, or the like, on which can¬ 
non, Ac, are placed, for more conveniently working and 
firing them. 

Platform, in Architecture, a row of beams that sup¬ 
port the timber-work of a roof, lying on the top of the 
walls, where the entablature ought to be raised. Also a 
kind of fiat walk, or plane floor, on the top of a building ; 
whence a fair view may betaken of the adjacent grounds. 
So, an edifice is said to be covered with a plutfonn, when 
it has no arched roof. 

PLATO, one of the most celebrated among the ancient 
philosopher;, being the founder of the sect of the Acade¬ 
mics, was the son of Aristo, and born at Athens, about 
429 years before Christ, lie was of a royal and illustrious 
family, being descended by Ids father from Codrus, and 
by his mother from Solon. lie name given him by his 
parents was Aristocles; but being of a robust make, and 
remarkably broad-shoQldercd, from this circumstance he 
was nick-named Plato by his wrestling-master, which name 
he retained ever after. 

From his infancy, Plato distinguished himself by his 
lively and brilliant imagination, lie eagerly imbibed the 
principles of poetry, music, and painting. The charms of 
philosophy however prevailing, drew him from those of 
the fine arts ; and at the age of twenty he attached him¬ 
self to Socrates only, who called him the Swan of the 
Academy. The disciple profited so well of his master’s 
lessons, that at twenty-five years of age he had the repu¬ 
tation of a consummate sage. lie lived with Socrates for 
eight years, in which time he committed to writing, ac¬ 
cording to the custom of the students, the purport of a 
great number of his master’s excellent lectures, which he 
digested by way of philosophical conversations; but made 
so many judicious additions and improvements of his own, 
that Socrates, hearing him one day recite his Lysis, cried 
out, O Hercules! how many fine sentiments does this 
young .man ascribe to me, that I never thought of! And 
Laertius assures us, that he composed several discourses 
which Socrates had no manner of hand in. At the tima 
when Socrates was first arraigned, Plato was a junior se¬ 
nator, and .he assumed the orator’s chair to plead bis 
master’s cause, but was interrupted in that design, and the 
judges passed sentence of'condemnation upon Socrates. 
Upon this occasion Plato begged him to accept from him 
a sum of mopey sufficient to purchase his enlargement, 
but Socrates peremptorily refused the generous offer, and 
suffered himself to be put to death. 

The philosophers who were at Athens were so alarmed 
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at the death of Socrates, that most of them fled, to avoid 
the cruelty and injustice of the government. Plato re¬ 
tired, till the storm should be over, to Megara, where he 
was kindly entertained by Euclid the philosopher, who 
had been one of the first scholars of Socrates. Afterwards 
he determined to travel in pursuit of knowledge; and from 
Megara he went to Italy, where he conferred with Eury- 
tus, Philolaus, and Archytas, the most celebrated of the 
Pythagoreans, from whom lie learned all Ins natural philo¬ 
sophy, diving into the most profound and mysterious se¬ 
crets of the Pythagoric doctrines. But perceiving other 
knowledge to be connected with them, he went toCyrene, 
where he studied geometry and other branches of mathe¬ 
matics under Theodorus, <1 celebrated master. 

Hence lie travelled into Egypt, to learn the theology 
of their priests, with the sciences of arithmetic, astronomy, 
^nd the nicer parts of geometry. Having taken also a 
survey of the country, with the course of the Nile and the 
canals,.he settled some tune in the province of Sais, learn¬ 
ing of the sages there their opinions concerning the uni¬ 
verse, whether it had a beginning, whether it moved 
wholly or in part, &c ; also concerning the immortality 
and transmigration of souls : and here it is also thought 
he had some communication with the books of Moses. 

Plato's curiosity was^not yet satisfied. He travelled 
into Persia, to consult the magi as to the religion of that 
countiy. He designed also to have penetrated into India, 
to learn of* the Brachmans their manners and customs ; 
but was prevented by the wars in Asia. 

Afterwards, returning to Athens, he applied himself to 
the teaching of philosophy, opening his school in the 
Academia, a place of exercise in the suburbs of the city ; 
whence it was that his followers took the name oiVAca- 
deniics. \ 

Vet, settled as he was, he made several excursions 
abroad : one in particular to Sicily, to view the fiery 
ebullitions of Mount Etna. Dionysius the tyrant then 
reigned at Syracuse, where Plato went to visit him; but, 

% instead of flattering him like a courtier, he reproved him 
for the disorders of his court, and the injustice of his go¬ 
vernment. The tyrant, not used to disagreeable truths, 
was enraged at Plato, and would hove put him to death, 
if Dion and Aristomencs, formerly his scholars, and then 
favourites of that prince, had not powerfully interceded 
for him. Dionysius however delivered him into the hands 
of an cyvoy of the l^acedcmonians, who were then at war 
with the Athenians : and this envoy, touching on the coast 
of /Egina, sold him for a slave to a merchant of Cyrene ; 
who, as soon as he had bought him, liberated him, and 
sent him home to Athens. 

Some time after, he made a second voyage into Sicily, 
in the reign of Dionysius the younger; who sent Dion, 
his minister and favourite, to invite him to court, that he 
might learn from'him the art v of governing his people well. 
Plato accepted the invitation, and went; but the intimacy 
between Dion and Plato raising jealousy in the tyrant, the 
former was disgraced, and the latter sent back to Athens. 
But Dion, being taken into favour again, persuaded Dio¬ 
nysius to recall Plato, which hedid, and received him with 
all the marks of goodwill and friendship that a great prince 
could bestow. He sent out a fine galley to meet him, and 
went himself ill a magnificent chariot, attended by all his 
court, to receive him. But this prince’s uneven temper 
hurried him into new suspicions. It seems indeed that 
these apprehensions were not altogether groundless: for 


./Elian says, and Cicero was of the same opinion, that Plato 
taught Dion how to dispatch the tyrant, and to deliver 
the people from oppression. However this may be, Plato 
was offended and complained; and Dionysius, incensed at 
these complaints, resolved to put him to death : but Ar¬ 
chytas, who had great interest with the tyrant, being in¬ 
formed of it by Dion, interceded for the philosopher, and 
obtained leave tor him to retire. 

The Athenians received him joyfully at his return, and 
offered him the administration of the government ; but he 
declined that honour, choosing rather to live quietly in 
the Academy, in the peaceable contemplation and study 
of philosophy; being indeed so desirous of a private re¬ 
tirement jhat he never married. Ills fame drew disciples 
from all parts, when he would admit them, as well as in¬ 
vitations to come to reside in many of the other Grecian 
states; but the three of Ins pupils that most distinguished 
themselves, wereSpeusippus his nephew, who continued the 
Academy after him, Xenocrates the Caledonian, and the 
celebrated Aristotle. It is said also that Theophrastus 
and Demosthenes were two of his disciples. He had it 
seems so great a respect for the science of geometry and 
the mathematics, that he had the following inscription 
painted in large letters over the door of his academy; Let 
NO ONE ENTER HERE, UNLESS 1IE HAS A TASTE FOR 

Geometry and the Math ematics ! 

But as his great reputation gained him on the one hand 
many disciples and admirers, so on the other it raised him 
sonic emulators,especially among his fellow-disciples, the 
followers of Socrutes. Xenophon and he were particu¬ 
larly disaffected to each other. Plato was of so quiet and 
even a temper of mind, even in his youth, that lie never 
was known to express a pleasure with any greater emotion 
than that of a smile; and he had such a perfect command 
of his passions, that nothing could provoke his anger or 
resentment; from hence, and the subject and style of fiis> 
writings, he acquired the appellation of the Divine Plato. 
But. though he was naturally of a reserved and very pen¬ 
sive disposition; yet, according to Aristotle, he was affable, 
courteous, nnd perfectly good-natured ; and sometimes 
would condescend to crack little innocent jokes on his 
intimate acquaintances. Of his affability there needs no 
greater proof than his civil manner of conversing with the 
philosophers of his own times, when pride and envy were 
at their height. His behaviour to Diogenes is always men¬ 
tioned in his history. This Cynic was greatly otfended, it 
seems, at the politeness and fine taste of Plato, and used 
to catch all opportunities of snarling at him. Dining one 
day at his table with other company, when trampling u pon 
the tapestry with his dirty feet, he uttered this brutish sar¬ 
casm, 44 I trample upon the pride of Plato:" to which, the 
latter wisely and calmly replied, 44 with a greater prid e." 

This extraordinary man, bring arrived at 81 years of 
age, died on Iris birth-day a very easy and peaceable death, 
in the midst of an entertainment, according to some \ but, 
according to Cicero, as he was writing. Both the life and 
death of this philosopher were calm and undisturbed ; ami 
indeed lie was finely composed for happiness. Besides the 
advantages of a noble birth, he had a large and compre¬ 
hensive understanding, a vast fund of wit nnd good taste, 
great evenness and swcqtness of temper, cultivated and re¬ 
fined by education and travel ; so that it is no wonder lie 
was honoured by his countrymen, esteemed by strangers, 
and adored by his scholars. Tully perfectly adored him : 
he tells us that he was justly called by Pananius, the di- 
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vine, the most wise, the most sacred, the Homer of philo- mists, and took that of Platonists. It is supposed to have 
sophers ; thinks, that if Jupiter had spoken Greek, he been at Alexandria, in Egypt, that they first assumed this 
would have done it in Plato's style*, &c. But, panegyric new title, atter having restored the ancient academy, and 
aside, Plato was certainly a very wonderful man, of a large re-established Plato's sentiments; which had many of them 
and comprehensive mind, an imagination infinitely fertile, been gradually dropped and laid aside. Porphyry, Plotin, 
and of a most Mowing and copious eloquence. However, Iamblichus, Proclus, and Plutarch, are those w ho acquired 
the strength and heat of fancy prevailing over judgment in the greatest reputation among the Greek Platonists ; Apu- 
liis composition, tie was too apt to soar beyond the limits leius and Chalcidius, among tlib Latins; and Philo Judaeus, 
of earthly things, to range in the imaginary regions of ge- among the Hebrews. 'I lie modern Platonists own Plotin 
neral and abstracted ideas; on which account, though the founder, or at least the reformer, o! their sect. 


there is always a greatness and sublimity in his manner, he 
did not philosophize so much according to truth and na¬ 
ture as Aristotle, though Cicero did not scruple to give him 
the preference. 

The writings of Plato are all in the way of dialogue, 
where he seems to deliver nothing from himself, but every 
thing as the sentiments and opinions of others, of Socrates 
chiefly, ol Timccus, &c. His style, as Aristotle observed, 
is between prose and verse : on which account some have 
not scrupled to rank him among the poets: and indeed, 
besides the elevation and grandeur of his style, his matter 
is frequently the offspring of imagination, instead of doc¬ 
trines or truths deduced from nature. The first edition of 
Plato's works* in Greek, was printed by Aldus at Venice in 
1513: but a Latin version of them by Marsilius Ficinus 
had been printed there in 145)1. They were reprinted to¬ 
gether at Lyons in 1588, and at Franclurt in 1002. The 
famous printer Henry Stephens, in 1578, gave a beautiful 
and correct edition of Plato's works at Paris, with a new 
Latin version by Scrranus, in three volumes folio.—And 
the industrious Thomas Taylor has lately given us several 
of Plato's works in an English translation. 

PLATONIC, something that relates to Plato,hissejiool, 
philosophy, opinions, or the like. 

PLATONIC Bodies, so called from Pl^ito who treated 
of them, # are what arc otherwise called the regular bodies. 
They are five in number; the tetraodron, the hexaedron, 
the octaedron, the dodecacdron, and the icosaedrbn. See 
each of these articles, as also Uf.oui.ar Bodies. 

Platonic Year, or the. Great Year, is a period of time 
determined by the revolution of the equinoxes, or the time 
in which the stars and constellations return to their former 
places, in respect of the equinoxes.—I hc Platonic year, 
accorJing to Tycho Brahe, is 2581<) solar years, according 
to lliccioii 25920, and according to Cassini 21800 years. 
—This period being once accomplished, it was an opinion 
among the ancients, that the woild was to begin anew, und 
the same series of things to return over again. 

PL ATONISM, the doctrine and sentiments of Plato and 
his followers, with regard to philosophy, &c. Ilis disci¬ 
ples were called Academics, from Academia, the namcof a 
villa in the suburbs of Athens where he opened his school. 
Among these were Xenocrates, Aristotle, Lycurgus, De¬ 
mosthenes, and Isocrates. In physics, he chiefly followed 
Heraclitus; in ethics and politics, Socrates; and in meta¬ 
physics, Pythagoras. 

After his death, two of the principal of hi* disciples, 
Xenocrates and Aristotle, continuing his office, and teach- 
iflgt the one in the Academy, the other in the Lycamra, 
formed two sects, under different names, though in other 
respects the same; the one retaining the denomination of 
Academics, the other assuming that of Peripatetics; 
Sec these two articles. 

Afterwards, about the time of the first ages of Chris¬ 
tianity, the followers of Plato quitted the title of Acade- 


Thc Platonic philosophy appears very consistent with 
the Mosaic ; and many of the primitive fathers follow the 
opinions of that philosopher, as being favourable to Chris¬ 
tianity. Justin is of opinion that there are many things 
in the works of Plato which this philosopher could not 
learn from mere natural reason ; but thinks he must have 
learnt them from the books of Moses, which he might have 
read when in Egypt. Hence Nuinenius the Pythagorean 
expressly calls Plato the Attic Moses, and upbraids him 
with plagiarism ; because he stole his doctrine concerning 
God and the world from the books of Moses. Tiicodorct 
says expressly, that lie has nothing good and commendable 
concerning the Deity and his worship, but what he took 
from the Hebrew theology ; and Clemens Alexandrinus 
cails him the Hebrew Philosopher. Gale is very particu¬ 
lar in his proof of the point, that Plato borrowed his phi¬ 
losophy from the Scriptures, either immediately, or by 
means of tradition; and, besides the authority ol the an¬ 
cient writers, he brings some arguments from the thing it¬ 
self. For example, Plato's confession, that the Greeks 
borrowed their knowledge of the one infinite God, from 
an ancient people, better and nearer to God than they ; 
by which people, our author makes no doubt, he meant the 
Jews, from his account of the state of innocence ; at, that 
man was born of the earth, that he was naked, that he 
enjoyed a truly happy state, that he conversed with brutes, 
&c. In fact, from an examination of all the parts of 
Plato's philosophy, physical, metaphysical, and ethical, 
this author finds, in everyone, evident marks of its sacred 
original. 

As to the manner of the creation, Plato teaches, that 
the world was made according to a certain exemplar, or 
idea, in the divine architect's mind. And all things, in 
the universe, in like manner, he shows, depend on the effi¬ 
cacy of internal ideas. This ideal world is thus explained 
by Didyrnus : 14 Plau> supposes certain patterns, of exem¬ 
plars, of all sensible things, which he calls ideas ; and as 
there may be various impressions taken off from the same 
seal, so he says are there a vast number of natures exist¬ 
ing from each idea;" This idea he supposes to uc an eter¬ 
nal essence, and to occasion the several things in nature to 
be such as itself is. And that most beautiful and perfect 
idea, which comprehends all the rest, he maintains to be 
the world. 

Farther, Plato teaches that the universe is an intelligent 
anirial, consisting of*a body and a soul, which he calls 
the generated God, by way of distinction from what ho 
calls the immutable essence, who was the cause of the ge¬ 
nerated God, or the universe. . . 

According to Plato, there were two kinds of inferior 
and derivative gods; the mundane gods, all of which had, 
a temporary generation with the world; and the supra- 
mundane eternal gods, wliicn were all of them, one ex¬ 
cepted, produced from that one, and dependent on it as 

their cause. Dr. Cudworth says, that Plato asserted aplu- 
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rality of gods, meaning animated or intellectual beings, or 
daemons, superior to men, to whom honour and worship 
are due; and applying the appellation to the sun, moon, 
and stars, and also to the earth. Me asserts however, at 
the same time, that there was one supreme God, the sell- 
originated being, the maker of the heaven and earth, and 
of all those other gods. lie also maintains, that the 
Psyche, or universal mundane soul, which is a self-moving 
principle, and the immediate caus* of all the motion in the 
woild, was neither eternal nor self-existent, but made or 
produced by God in time ; and above this self-moving 
Psyche, but subordinate to the Supreme Being, and derived 
by emanation from him, he supposes an immoveable Nous 
or intellect, which was properly the Demiurgus, or framer 
of the world. 

The first matter of which this body of the universe was 
formed, lie observes, was a rude indigested heap, or chaos : 
Now, adds he, the creation was a mixed production ; and 
the world is the result oI a combination of necessity and 
understanding, that is, of mutter, which he calls necessity, 
and the divine wisdom : yet so that mind rules over ne¬ 
cessity ; and to this necessity he ascribes the introduction 
and prevalence both of moral and natural evil. 

The principles, or elements, which Plato lays down, arc 
fire, air, water, and eaith. He supposes two heavens, the 
Empyrean, which lie takes to be of a fiery nature, and to 
be inhabited by angels, 6cc ; and the Starry heaven, which 
be teaches is not adamantine, or solid, but liquid and spi- 
rablc. 

With regard to the human soul, Plato maintained its 
transmigration, and consequently its future immortality 
and pre-existence. He asserted, that human souls are 
here in a lapsed state, and that souls sinning should full 
down into' these earthly bodies. Eusebius expressly says, 
that Plato held the soul to be ungenorated, and to be de¬ 
rived by emanation from the first.cause. 

His physics, or doctrine De Corporc, is chiefly laid 
down in his Timaeus, where he argues on the properties of 
body in a geometrical manner; which Aristotle takes oc¬ 
casion tp reprehend in him. His doctrine De Mcntc is de¬ 
livered in his 10th book of laws, and his Parmenides. 

St. Augustine commends thc'Platouic philosophy; and 
even says, that the Platonists were not fur from Chris¬ 
tianity. It is also certain that most of the celebrated 
fathers were Platonists, and borrowed many of their ex¬ 
planations of Scripture from the Platonic system. To ac¬ 
count for this fact, it may be. observed, that towards the 
end of t\ic seepnd century, a new sect of philosophers, 
called the modern, or later Platonics, arose of a sudden, 
spread with amazing rapidity through xhe greatest part of 
the Roman empire, swallowed up almost all the other 
sects, and proved very detrimental to Christianity. 

The school of Alexandria in Egypt, instituted by Pto¬ 
lemy Philadelpbus, renewed und reformed the Platonic 
philosophy. The votaries of this system distinguished 
themselves by the title of Platonics, because they thought 
that the sentiment* of Plato concerning the Deity and in¬ 
visible things, were much more rational and sublime than 
those of the other philosophers. This new species of 
Platonism was embraced by such of the Alexandrian 
Christians as were desirous to retain, with the profession 
of the Gospel, the title, the c&tnity, and the habit of philo¬ 
sophers. Ammonius Saccfl*. was its principal founder, 
who was succeeded by his disciple Plotinus, as this latter 
was by Porphyry, the chief of those formed in his school. 


From the time of Ammonius until the sixth century, this 
was almost the only system of philosophy publicly taught 
at Alexandria. It was brought into Greece by Plutarch, 
who renewed at Athens the celebrated academy, from 
whence issued many illustrious philosophers. The gene¬ 
ral principle on which this sect was founded, was, that 
truth was to be pursued with the utmost liberty, and to be 
collected from all the different systems in which it lay 
dispersed. But none that were desirous of bring ranked 
among these new Platonists, called in question the.mam 
doctrines ; those, lor example, which regarded the exist¬ 
ence of one God, the fountain of all tilings; the eternity 
of the world ; the dependence of matter upon the Supreme 
Being; tlie nature of souls; the plurality of gods, &c. 

In the fourth century, under the reign of Ydlentiniun, a 
dreadful >torm of persecution arose against the Platonists ; 
many of whom, being accused of magical practices, and 
other crimes, were capitally Convicted. 

In the fifth century Proclus gave new life to the doctrine 
of Plato, and restored it to its former credit in Greece; 
with whom concurred many of the Christian doctors, who 
adopted the Platonic system. The Platonic philosophers 
were generally opposers of Christianity.; but in the sixth 
century, Chalcidius gave the Pagan system an evangelical 
aspect ; and those* who, before it became the religion of the 
state, ranged themselves under the standard ot Plato, now 
repaired to that of C hrist, without any great change of 
their system. 

Under the emperor Justinian, who issued a particular 
edict, prohibiting the touching of philosophy at Athens, 
which fdict seems to.have been levelled ut modern Plato¬ 
nism, all the celebrated philosophers of this sect took re¬ 
fuge among the Persians, who were at that lime the ene¬ 
mies of Rome ; and though they returned from their vo¬ 
luntary exile, when the peace was concluded between the 
Persians and Romans, in 53 3, they could never recover 
their former credit, nor obtain the direction of the public 
schools. 

Plutonism however prevailed among the Greeks, and 
was by them, and particularly by Gemistius Pletho, in¬ 
troduced into Italy, and established, under the auspices 
of Cosmo dc Medicis, about the yeaT 1439* who ordered 
Marsilius Ficinus to translate into Latin the works of the 
most renowned Platonists. 

PLATONISTS, the followers of Plato ; otherwise called 
Academics, from Academia, the name of the place that 
philosopher chose for his residence at Athens. 

PLEIAD MS, an assemblage of seven stars in the neck 
of the constellation Taurus, the bull; though there are 
now only six of them visible |to the naked eye. r l he 
largest of these is of the third magnitude, and called Lu- 
cido Plciadum.—The Greeks fabled, that the name Plei¬ 
ades was given to these stars from seven daughters of At¬ 
las and Pleionc, one of the daughters of Oceauus, w ho 
huving been the .nurses of Bacchus, were for their ser* 
vices taken up to heaven and placed there as stars, where, 
they still shine. The meaning of which fable may be, 
that Atlas first observed these stars, and called them by 
the names of the daughters of his wife Plcione. 

PLENILUN1UM, the full-moon. 

PLENUM, in Physics, signifies that state of things, in 
which every part of space, or extension, is supposed to 
be full of matter: in opposition to a vacuum, which is a 
space devoid of all matter.—The Cartesians held the doc¬ 
trine of an -absolute plenum ; namely on this principle. 
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that the essence of matter consists in extension ; and con¬ 
sequently, ihero being every where extension or space, 
there is every w here matter: which is little better than 
bruizing the question. 

PLINTH, in Architecture, n flat square member in 


PLUS, in Algebra, the affirmative or positive sign 
signifying more or addition,or that the quantity following it 
is either to he considered as a positive or affirmative quantity, 
or that it is to be added to the other quantities; so 4 •+• 6 = 
10, is read thus, 4 plus O' is equal to 10. Sec Affirma- 


form of a brick or tile ; used as tlie foot or foundation of tive Sign. The more early writers of Algebra, as Lucas 


columns and pillars, tVc. , 

PLOT, in Surveying, the plan or draught of any par¬ 
cel of ground ; as a field, farm, or manor, \c. 

PLOTIING, in Surveying, the describing or laying 
down on paper, the several angles and lines, &c, of a 
tract of land, that has been surveyed and measured. Plot- 
tin" is usually performed by two instruments, the pro¬ 
tractor ami plottiug-scalc ; the former sening to lay oft’ 
all the angles that have been measured and set down, and 
the latter all the measured lines. See these two instru¬ 
ments under their respective names. 

Plotting Scale, a mathematical instrument chiefly 
used for the plotting of grounds in surveying, or setting 
oft* the lengths of the lines. It is either 6, J), or 12 inches 
in length, and about an inch and half broad; being made 
of box-wood, brass, ivory, or silver; those of ivory are 
the neatest. 

This instrument contains various scales or divided lines, 
on both sides of it. On the one side arc a number of 
plane scales, or scales of equal divisions, each of a dif¬ 
ferent number to the inch; as also scales of chords, for 
laying down angles ; and sometimes even the degrees of 
a circle marked on one edge, answering to a centre mark¬ 
ed on the opposite edge, by which means it serves also as 
a protractor. On the other side arc several diagonal 
scales, of different sizes, or different divisions to the inch; 
serving to take off lines expressed by numbers to three di¬ 
mensions, as units, tens, and hundreds; as also a scale of 
divisions which arc the 100th parts of a foot. Hut the 
most useful of all the lines that can be laid upon this in¬ 
strument, though not always done, is a line or plane scale 
upon the two opposite edges, made thin for that purpose. 
This is a very useful line in surveying; for by laying the 
instrument down upon the paper, with its divided edge 
along a line upon winch are to be laid oft’several distances, 
for the places of off-sets, &c ; these distances are all trans¬ 
ferred at once from the instrument to the line on the pa¬ 
per, by making small marks or points against the respective 
divisions on the edge of the scale. See fig. 2 and 3, plates 
26’ and 27. ’ ’ 

Plottin o-Table } in Surveying, is used for a plane ta¬ 
ble, as improved by Mr. Bcighton, who has obviated many 
inconveniences attending the use of the common plane 
tabic. See Philos. TranlPhiumb. 461. 

PLOUGH, or Plow, in Navigation, an ancient mathe¬ 
matical instrument, made of box or pear-tree, and used 
to take the height of the sun or stars, in order to find the 
latitude. This instrument admits of the degrees to-be very 
large, and bus been much esteemed by many artists; 
thoughfiow quite out of use. 

PLouen -Monday y the first after Epiphany, or Jan. 6. 


de Burgo, Cardan, Tartaglia, &c, wrote the word mostly 
at full length : afterwards this was contracted or abbre¬ 
viated, using one or two of its first letters; which initial 
was, by the Germans I think, corrupted to the present 
character ; which 1 find first used by Stifelius, printed 
in his Arithmetic. 

PLUV1AMETER, a machine for measuring the quan¬ 
tity of rain that falls. There is described in the Philos. 
Trans, (numb. 473), by Robert Pickering, under the name 
of an Ombrametcr, an instrument of this kind. It con¬ 
sists of a tin funnel </, whose surface is an inch square 
(fig. C, plate 25);. a flat board aa ; and a glass tube bb, 
set into the middle of it in a groove; and an index with 
divisions cc; the board and tube being of any length at 
pleasure. The bore of the tube is about half an inch, 
which Mr. Pickering says is the best i\zc. The machine 
is fixed in some free and open place, as the top of the 
house, dec. 

The rain-gauge employed at the house of the Royal So¬ 
ciety is described by Mr. Cavendish, in the Philos. Trans, 
for 1776'f p. 384. The vessel which 
receives the rain is a conical funnel, 
strengthened at the top by a brass 
ring, 12 inches in diameter. The 
sides of the funnel and inner lip of 
the brass ring arc inclined to the ho- • 
rizon, in an angle of above 65°; and 
the outer lip in nn angle of above 
50°; which arc such degrees of steep¬ 
ness, that there seems no probabi¬ 
lity cither that any rain which falls 
within the funnel, or on .the inner 
lip of the ring, shall dash out, or 
that any which falls on the outer lip shall dash into the 
funnel. The annexed figure is a vertical section of the 
funnel, abc and abc being the brass ring, Ha and ha tho 
inner lip, and bc and be the outer. 

In fixing pluviameters, care should be taken that the 
rain may have free access to them, without being impeded 
or overshaded by buildings, &c; and therefore the tops 
of houses are mostly to be preferred. Also v*hcn the 
quantities of rain collected in them,-at different places, 
arc compared together, the instruments ought to be fixed 
at the same height above the ground at both places; be¬ 
cause at different heights the quantities arc always dif¬ 
ferent, even in the same place. And hence also, any re¬ 
gister or account of rain in the pluviameter, ought to be 
accompanied with a note of the height above the ground 
tho instrument is placed at. Sec Quantity qf Rain, 
PNEUMATICS, that branch of natural philosophy 
which treats of the weight, pressure, and elasticity of tho 



PLUMB-Line, a term among artificers fora line per- air, or clastic fluids, with the effects? arising from them 


pendicular to the horizon. 

PLUMMET, Plumb-rule, or Plumb-line, an in¬ 
strument used by masons, carpenters, &c, to # draw per¬ 
pendiculars ; in order to judge whether walls, &c, bo up¬ 
right, or planes horizontal, and the like. 

PLUNGER, in Mechanics, a solid brass cylinder, used 
as a forcer in forcing-pumps. 


Wolfius, instead of pneumatics, uses the term Aeromctry.— 
This is a sister science to Hydrostatics j tho one.considcr- 
ing the air in the same manner as the other does water. 
And some consider pneumatiuas a branch of mechanics; 
because it considers the airlRfi motion, with the conse¬ 
quent effects.—For tho nature and properties off air, see 
the article Air, where they arc pretty largely treated of. 
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To which may be added the following, which respects 
more particularly the science of pneumatics, as contained 
in a few propositions, and their corollaries. 

Prop. I. The Airis a heavy fluid body, which surrounds 
and gravitates on all parts of the earth s surface. 

These properties of air are proved by experience. That 
it is a fluid, is evident from its easily yielding to any the 
least force impressed upon it, with little or no sensible re¬ 
sistance.—Hut when it is moved briskly, by any means, as 
by a fan, or a pair of bellows ; or when any body is moved 
swiftly through it; in these cases we become sensible of it 
as a body, by the resistance it makes in such motions, 
and also by its impelling or blowing away any light sub¬ 
stances. So that, being capable of resisting, or moving 
other bodies by its impulse, it must itself be a body, and 
be heavy, like all other bodies, in proportion to the mat¬ 
ter it contains ; and therefore it will press upon all bodies 
that are placed under it.—And being a fluid, it will spread 
itself over the entire surface of the earth ; also like other 
fluids it will gravitate upon, and press every where upon 
the earth’s surface. 

The gravity' and pressure of the air is also evident from 
many experiments. Thus, for instance, if water, or quick¬ 
silver, be poured into the tube ace, and the air be suffered 



to press upon it, in both ends of the tube; the fluid will 
rest at the same height in both the legs: but if the air be 
dri\vvn out of one end us e, by any means; then the air 
pressing on the other end a, will press down the fluid in 
this leg at u, and raise it up in the other to D, as much 
higher than at n, as the pressure of the air is equal to. 
By which it appears, not only that the air docs really 
press, but also what the quantity of that pressure is equal 
to. And this is the principle of the barometer. 

Prop. II. The air is also an elastic fluid , being condensi¬ 
ble and expansible. And the law it observes in this respect 
is this , that its density is always proportional to the force by 
which it is compressed. 

This property of the air i3 proved by many experiments. 
Thus, if the handle of a syringe be pushed inwards, it 
will condense the inclosed air into a less space; by which 
it is shown to be condensible. Hut the included air, thus 
condensed, will be felt to act strongly aguinst the hand, 
and to resist the force compressing it more and more ; and 
on withdrawing the hand, the bundle is pushed back 
again to where it was at first. Which shows that the air 
is clastic. 

Again, fill a strong bottle half full with water, and then 
insert a pipe into it, putting its lower end down near to 
the bottom, and cementing it very close round the mouth 
of the bottle. Then if air be strongly injected through 
the pipe, as by blowing with the mouth or otherwise, it 
will pass through the water from the lower end, and 
ascend up into the part before occupied by the air at o, 

Vol. II. 


and the whole mass of air become there condensed, be¬ 
cause the water is not easily compressed into a less space. 
Hut on removing the force which injected the air at f, 
the water will begin to rise from thence in a jet, being 
pushed up the pipe by the increased elasticity of the air 
o, by which it presses on the surface of the water, and 
forces it through the pipe, till as much be expelled as 
there was air forced in ; when the air at o will be re 
duced to the same density as at first, and, the balance be¬ 
ing restored, the jet ceases. 

Likewise, if into a jar of water a n, be inverted an empty 
glass tumbler c, or such like; the water will enter it, and 





partly fill it, hut not near so high as the water in the jar, 
compressing and condensing the air into a less space in the 
upper part c, and causing the glass to make a sensible re¬ 
sistance to the hand in pushing it dowu. Hut on removing 
the hand, the elasticity of the internal condensed air 
throws the glass up again.—All these showing that the air 
is condensible and clustic. 

A"ain, to show the rate or proportion of the elasticity 
to the condensation ; take a long slender glass tube, open 
at the top a, bent near the bottom or close end «b, and 
equally wide throughout, or ut least in the part bd (2d 
fi". above). Pour in a little quicksilver at a, just to cover 
the bottom to the bend at CD, and to stop the communi¬ 
cation between the external air and the air in bd. Then 
pour in more quicksilver, and mark the corresponding 
heights at which it stands in the two legs : so, when it rises 
to it in the open leg AC, let it rise to e in the close one, 
reducing its included air from the natural bulk nr* to the 
contracted space be, by the pressure of the column lie; 
and when the quicksilver stands at i and k, in the open leg, 
let it rise to v and c. in the other, reducing the air to the 
respective spaces bf, bo, by the weights of the columns 
\f. Kg. Then it is always found, that the condensations 
and elasticities are ns the compressing weights, or columns 
of the quicksilver and the atmosphere together. So, if 
the natural bulk of the air bi» be compressed into the 
spaces be, nr, bo, or reduced by the spaces de, df, dg, 
which arc £, i,.£ of bd, or as the numbers 1, 2. 3 ; then 
the atmosphere, together with the corresponding column 

also befound to be in the same proportion,or 
as the numbers 1, 2,3 : and then the weights of the quick¬ 
silver arc thus, ,viz, lie = jA, 1 / = a, and Kg = 3 a ; 
where a denotes the weight of the atmosphere. Which 
shows that the condensations arc directly as the compres¬ 
sing forces. And the elasticities arc also in the same pro¬ 
portion, since the pressures in ac arc sustained by the 
elasticities in bd. —From the foregoing principles may be 
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deduced many useful remarks, as in the following corol¬ 
laries. 

Carol. 1. The space that any quantity of air is con¬ 
fined in, is reciprocally as the force that compresses it. 
So, the forces which confine a quantity of air in the cy¬ 



lindrical spaces ao, bo, cg, arc reciprocally as the same, 
or reciprocally as the heights ad, bd, cd. And therefore, 
if to the two perpendicular lines a d, dm, as asymptotes, the 
hyperbola ikl bedescubed, and the ordinates at, iik, cl 
be drawn ; then the forces which confine the air in the 
spaces ao, bg, cg, will be as the corresponding ordinates 
Al, bk, CL, since these are reciprocally as the abscisses 
ad, bd, CD, by the nature of the hyperbola. 

Corol. 2. All the air near the earth is in a state of com¬ 
pression, by the weight of the incumbent atmosphere. 

Corol. 3. The air is denser near the earth, than in high 
places ; or denser at the foot of a mountain, than at the 
top of it. And the higher above the earth, the rarer it is. 

Corol. 4. The spring or elasticity of the air, is equal to 
the weight of the atmosphere above it ; and they will pro¬ 
duce the same effects; since they are always sustained and 
balanced by each other. _ > 

Corol. 5. If the density of the air be increased, pre¬ 
serving the same heat or temperature ; its spring or elasti¬ 
city will also be increased, and in the same proportion. 

Corol. 6 '. By the gravity and pressure of the atmosphere 
upon the surfaces of fluids, the fluids arc made to rise in 
any pipes or vessels, when the spring or pressure within is 
diminished or taken off. 

Prop. III. Heat increases the elasticity q f the air, and 
cold diminishes it. Or heat expands , and cold contracts and 
condenses the air. 

This property is also proved by experience.—Thus, tie 
a bladder very dose, with some air in it; and lay it be¬ 
fore the fire ; then as it warms, it will more and more di¬ 
stend the bladder, and at Inst burst it, if the heat be conti¬ 
nued and increased high enough. But if the bladder be 
removed from the fire, it will contract ngpin to its former 
state by cooling.—It was on this principle that the first 
air-balloons were made by Montgolfier: for by heating 
the air within them, by a Arc underneath, the'hot air di¬ 
stends them to a size which occupies a space in the ut- 
mospherc whose weight of common air exceeds that of 
the balloon. * 

Also, if a cup or glass, with a little air in it, bcinvcrtcd 
into a vessel of Water; and the whole be heated over the 
fire, or otherwise: the air in the top will expand till it fill 
the glass, and expel the water out of it; and part of tho 
air itself will follow, by continuing or increasing the heat. 
—Many other experiments to thc>samc effect might be ad¬ 
duced, all proving the properties mentioned in the propo¬ 
sition. 

Schol. Hence, when the forccof the elasticity of the air 
is considered, regard must be had to its heat or tempera¬ 
ture ; the same quantity of air being more or less elastic. 


as its heat is more or less. And it has been found by ex- 
periment that its elasticity is increased at the following 
rate, viz, by the 435th part, by each degree of heat ex¬ 
pressed by Fahrenheit’s thermometer, of which there are 
ISO between the freezing and boiling point. It has also 
been found (Philos. Trans. I777i pa- 560 &c), that water 
expands the 6666th part, with each degree of heat; and 
mercury the p 600 th part by each degree. Moreover, the 
relative or specific gravities of these three substances, are 
as follow: 

Air . T232 


7 „ 


Wafer 1000 V is at 30, 

Mercury 13600 \ and thc ,hcnnoro - at 55 * 

Also these numbers arc the weights of a cubic foot of each, 
in thc same circumstances of the barometer and thermo¬ 
meter. 

Prop. IV. The weight or pressure of the atmosphere, upon 
any base at the surface of the earth, is equal to the weight of 
a column of quicksilver qf the same base, and its height be¬ 
tween 28 and 31 inches. 

This is proved by thc barometer, an instrument which 
measures the pressure of thc air ; the description of which 
see under its proper article. For at some scasonsj and in 
some places, thc air sustains and balances a column of 
mercury of about 28 inches; but at others, it balances a 
column of 29, or 30, or near 31 inches high; seldom in 
the extremes 28 .or 31, but commonly about the means 29 
or 30, and indeed mostly near 30. A variation which 
depends partly on the different degrees of heat in thc air 
near the surface of thc earth, and partly on thc commo¬ 
tions and changes in thc atmosphere, from winds and other 
causes, by which it is accumulated in some places, and 
depressed in olherg, being thereby rendered denser and 
heavier, or rarer and lighter; which changes in its state 
arc almost continually happening in any one place. But 
the medium state is from $9f to 30 inches. 

Corol. 1. Hence thc pressure of the atmosphere on every 
square inch at thc earth’s surface, at a medium, is very 
near 15 pounds avoirdupois. For, a cubic foot of nmr- 
cury weighing nearly 13600 ounces, a cubic inch of itK 
will weigh the 1728th part of it, or almost 8 ounces, or 
half a pound, which is thc weight of thc atmosphere/or 
every inch of thc barometer on a base of a square inch ; 
and therefore 29 } inches, tho medium height of the baro¬ 
meter, weighs almost 15 pounds, or rather 14-Jlb very 
nearly. 

Corol. 2. Hence also the weight or pressure of thc at- 
mospherc,.is equal to that of a column of water from 32 
to 35 feet high, or oh a medium 33 or 34 feet high. For 
water and quickislvcr are in weight nearly os 1 to 13*6; 
so that thc atmosphere will balance a column of water 
13*6 times higher than one of quicksilver; consequently 
13*0 x 30 inches —408 inches or 34 feet, is near thc 
medium height of water, or it is more nearly 33j Feet. 
And hefice it appears that a common sucking pump will 
not raise water higher than about 34 feet. And that a 
syphon will not run if the perpendicular height of the top 
of it be more than 33 or 34 feet high. 

Corol. 3. If thc air were of the same uniform density, at 
every height, to the top of the atmosphere, as at the sur¬ 
face of the earth ; its altitude would bo about 5} miles at 
u medium. For the weights of the same volume of air 
und water, are nearly, as 1*232 to 1000; therefore as 
1*232 :1000 : : 34 feet : 27000 feet, or 5} miles very 
nearly. And so high the atmosphere would be, if it were 
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all of uniform density, like water. But, from its expansive 
and elastic quality, it becomes continually more and more 
rare the farther above the earth, in a certain proportion 

which will be treated of below. 

Carol. X. From this prop, and the last, it follows that 
the height is always the same, of a uniform atmosphere 
above any place, which shall be all of the uniform density 
with the air there, and of equal weight or pressure with 
the real height of the atmosphere above that place, whe¬ 
ther it be at ihe same place at different tinus, or at any 
different places or heights above the earth ; and that 
height is always about 270'OO feet, or 5$ miles, as found 
above in the 3d corollary. For, as the density vanes in 
exact proportion to the weight of the column, it theretorc 
requires a column of the same height in all cases, to make 
the respective weights or pressures". '1 hus, it w and to be 
the weights of atmosphere above any places, d and d their 
densities, and n and h the heights of the unitorm columns, 
of the same densities and weights: 'Mien H 


and h x d = w, therefore ^ or H is equal to - rf - or h ; 

the temperature being the same. 

Prop. V. 77«r density of the atmosphere, at different 
heights above the earth, decreases in such a proportion, that 
when the heights increase in arithmetical progression, the den¬ 
sities decrease in geometrical progression. 

Let the perpendicular line ap, erected on the earth, be 
conceived to be divided into a great number of very small 
parts a, b, c, D, Sec, forming so many thin 
strata of air in the atmosphere, all of different 
density, gradually decreasing from the great¬ 
est at a : then the density of the several 
strata a, b, c, d, See, will be in geometrical 
progression decreasing. 

For, as the strata a, b, c. See, are all of 
equal thickness, the quantity of matter in 
each of them, is as the density there; but 
the density in any one, being as the com¬ 
pressing force, is as the weight or quantity 
of matter from that place upsvard to the top 
of the atmosphere; therefore the quantity of 
matter in each stratum, is also as the whole 
quantity from that place upwards. Now if 
from the whole weight at any place as B, the 
weight or quantity in the stratum b be subtracted, the re* 
mainder will be the weight at the next higher stratum c; 
that is, from each weight subtracting a part which is pro¬ 
portional to itself, leaves the next weight; or, which is the 
same thing, from each density subtracting apart which is 
always proportional to itself, leaves the next density. But 
when any quantities are continually diminished by parts 
w hich are.proportional to themselves, the remainders then 
form a scries of'Continued proportionals; and conse¬ 
quently these densities arc in geometrical progression. 
Thus, if the first density be d, and from each there bo 

taken its nth part; then there remains its w part, or 
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ing the common ratio of the series. 

Schol. Because the terms of an arithmetical series arc 
proportional to the logarithms oFtlie terms of .a geome¬ 
trical scries; therefore different altitudes above the earth’s 
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surface, are as the logarithms of the densities, or weights 
of air, at those altitudes. So that, 

if d denote the density at the altitude a, 
and d the density at (he altitude a ; 
then a being as the logarithm of i>, 
and a as the logarithm of d, 

the dif. of altitude A — a will be as 

the log. of D — log. of d, or as log. of -. 

And if a = 0, or D the density at the surface of the 
earth, then any altitude above the surface a, is as the log. 

of'J-. Or, in general, the log. of j is as the altitude of 

the one place above the other, whether the lower place be 
at the surface of the earth, or any where else. 

And from this property is derived the method of deter¬ 
mining the heights of mountains, and other eminences, by 
the barometer, which is an instrument that measures the 
weight or density of the air at any place. See Barome¬ 
ter. For by taking with this instrument, the pressure or 
density at the foot of a hill for instance, and again at the 
top of it, the difference of the logarithms of these two pres¬ 
sures, or the logarithms of their quotient, will be as the 
difference of altitude, or as the height of the hill; sup¬ 
posing the temperatures of the air to be the same at both 
places, and the gravity of air not altered by the different 
distances from the earth's centre. 

See more on this head under the articles Atmosph ere 
and Barometer. 

By the weight and pressure of the atmosphere, the effect 
and operations of pneumatic engines may be accounted 
for, and explained ; such as syphons, pumps, barometers, 
Sec. See each of these articles, also Air. 

Pneumatic Engine, the same as the Air Pump. 
POCKET Electrical Apparatus .—This is a contrivance 
of Mr. William Jones, in Holborn, the form of which i* 

represented in plate 28, fig. 4. 

This small machine is capable of a tolerably strong 
charge, or accumulation of electricity, nnd will give a 
small shock to one, two, three, or a greater number of 
persons, a is the Leyden phial or jar that holds the 
charge, b is the discharger to discharge the jar when re¬ 
quired without electrifying the person that holds it, c is 
a ribbon prepared in a peculiar manner so as to be excited, 
and communicate its electricity to the jar. D arc two 
hair, &c, skin rubbers, which are to be placed on the first 
and middle fingers of the left hand. 

To charge the Jar. Place the two finger-caps d on the 
first and middle finger of the left hand ; hold the jar a at 
the same time, at the joining of the red and black on the 
outside between the thumb and first finger of the same 
hand ; then take the ribbon in your right hand, and steadily 
and gently draw it upwards between the two rubbers D, on 
the two fingers; taking care at the same time, that the 
brass ball of the jar is kept nearly close to the ribbon, 
while it is passing through the fingers. By repeating this 
operation twelve or fourteen times, the electrical fire will 
pass into the jar which will become charged, and by pla¬ 
cing the discharger c against it, as in the plate, you will 
see a sensible spark pass from the ball of the jar to that of 
the discharger. If the apparatus be dry and in good order, 
you will hear the crackling of the fire when the ribbon is 
passing through the. fingers, and the jar will discharge at 
the distance represented in the figure. 

To electrify a Person. You roust desire him to take the 
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jar in one hand, and with the other touch the knob of it: 
or, if diversion is intended, desire the person to smell at 
the knob of it, in expectation of smelling the scent of n rose 
or a pink ; this last mode lias occasioned it to be some¬ 
times called the Magic Smelling Bottle. 

Poetical Rising and Setting. See Rising and Sett¬ 
ing.— The ancient poets, referring the rising and setting of 
the stars to that of the sun, make three kinds of rising and 
setting, viz, Cosmical, Acronical, and Heliacal. Sec each 
of these words in its place. 

POINT, a term used in various arlsnnd sciences. 

Point, in Architecture. Arches of the third Point, 
and Arches of the fourth Point. Sec Arches. 

Point, in Astronomy, is a term applied to certain parts 
or places marked in the heavens, and distinguished by pro¬ 
per terms. I he lour grand points or divisions of the hori¬ 
zon, viz, the cast, west, north, and south, are called the 
Cardinal Points.—The zenith and nadir are the Vertical 
Points.—The points where the orbits of the planets cut the 
plane of theecliplic, are called the Nodes.—The points where 
the ecliptic and equator intersect, are called the Equinoc¬ 
tial Points. In particular, that where the sun ascends to¬ 
wards the north pole is called the Vernal Point; and that 
where he descends towards the south, the Autumnal Point. 
—The highest and lowest points of the ecliptic arc called 
the Solstitial Points. Particularly, the former of them 
the Estival or Summer Point ; the latter, the Brumal or 
Winter Point. 

Points, in Electricity, are those acute terminations of 
bodies which facilitate the passage of the electrical fluid 
either from or to such bodies. Mr. Jallnbcrt was pro¬ 
bably the first person who observed that a body pointed at 
one end, anil round at the other, produced different'ap¬ 
pearances on the same body, according ns the pointed or 
round end was presented to it. But I)r. Franklin first ob¬ 
served and evinced the whole effect of pointed bodies, both 
in drawing and throwing off electricity at greater distances 
than other bodies could do it; though lie candidly ac¬ 
knowledges, that the power of points to throw off the elec¬ 
tric fire was communicated to him by his friend Air. 
Thomas Hopkinson. 

l>r. Franklin electrified an iron shot, 3 or 4 inches in 
diameter, and observed that it would not attract a thread 
when the point of a needle, communicating with the earth, 
was presented to it; and he found ft even impossible to 
electrify an iron shot when a sharp needle lay upon it. 
This remarkable property, possessed by pointed bodies, of 
gradually and silently receiving or throwing off the elec¬ 
tric fluid, has been evinced by a variety of other familiar 
experiments. Thus, if one hand be applied to the outside 
coating of a large jar fully charged, and the point of a 
needle, held in the other, be directed towards the knob of 
tho jar, and moved gradually near it, till the point of the 
needle touch the knob or ball, the jar will be entirely dis¬ 
charged, so as to give no shock at all, or one that is hardly 
sensible. In this case the point of the needle has gradually 
and silently drawn away the superabundant electricity 
from the electrified jar. 

Further, if the knob of a brass rod be held at such a 
distance from the prime conductor, that sparks may qasily 
escape from the latter to the former, while the machine is 
in motion; then if the point of a needle be presented, 
though at tw ice the distance of the rod from the conduc¬ 
tor, no more sparks will be seen passing to the rod. When 
ihc needle is removed, the sparks will be seen; but on 


presenting it again, they will again disappear. So that the 
point of the needle draws off silently almost all the fluid, 
which is thrown by the cylinder or globe of the machine 
upon the prime conductor. This experiment may be 
varied, by fixing the needle upon the prime conductor 
with the point upward; and then, though the knob of a 
discharging rod, or the knuckle of the linger, be brought 
very near the prime conductor, and the excitation be very 
strong, little or no spark will be perceived.—The influence 
ot points is also evince d in the amusing experiment, com¬ 
monly called the electrical horse-race, and many others. 
See I n v N DER-/jOt/J£. 

The late Mr. Ilenly exhibited the efficacy of pointed 
bodies, by suspending a large bfadder, well blown, and 
covered with gold, silver, or brass leaf, by means of gum- 
water, at the end of a silken thread 6 or 7 feet long, hang¬ 
ing from the ceiling of a room, and electrifying the bladder 
by giving it a strong spark with the knob of a churged 
horde : on presenting to it the knob of a wire, it caused 
the bladder to move towards the knob, and when nearly 
in contact gave it a spark, thus discharging its electricity. 
By giving the bladder another charge, and presenting the 
point ot a needle to it, the bladder was not attracted by 
the point, but rather receded from it, especially when the 
needle was suddenly presented towards it. 

But experiments evincing the efficacy of pointed bodies 
for silently receiving or throwing off the electric fluid, may 
he infinitely diversified, according to the fancy or conve¬ 
nience of the electrician. It may be observed, that in the 
, case of points throwing off or receiving electricity, u cur¬ 
rent of air is sensible at an electrified point, which is al¬ 
ways in the direction of the point, whether the electricity 
be positive or negative. A fact which has bceh well ascer¬ 
tained by many electricians, am) particularly by'Dr. Priest¬ 
ley and Sig. Beccaria. The former contrived to exhibit 
the influence of this current on the flame of a candle, pre¬ 
sented to a pointed wire, electrified negutivcly, ns well as 
positively. The blast was in both ruses alike, and so strong 
as to lay bare the greatest part of the wick, the flame being 
driven from the point; and the effect was the same whe¬ 
ther the electric fluid issued out of the point or entered 
into it. Me farther evinced this phenomenon by nicansof 
thin light vanes; and he found, as Mr.Wilson had heroic 
observed, that the vanes would not turn in vacuo, nor in a 
close unexhausted receiver where the air had no free cir¬ 
culation. And in much the same manner, Bcccariu ex¬ 
hibited to sense the influence of the wind or current of air 
driven from points. 

As to the Theory of the phenomena of points, these arc 
accounted for in a variety of ways, by different authors, 
though perhaps by none with perfect satisfaction. See 
Franklin’s writings on Electricity; Lord Millions Princi¬ 
ples of Electricity, 1779; Beccaria's Artificial Electricity, 
1776. pa. 331; and Priestley’s History of Electricity, 
vol. 2, pa. 191, edit. 1775. 

As to the Application of the doctrine of points; it may 
be observed that there is not a more important fact in the 
history of electricity, than the use to which the discovery 
of the efficacy of pointed bodies has been applied. Dr. 
Franklin, having ascertained the identity of electricity and 
lightning, was presently led to propose a cheap and easy 
method of securing buildings from the damage of light- 
nlng, by fixing a pointed metal rod higher than any part 
of the building, and communicating with the ground, or 
withtbe nearest water. And this contrivance was actually 
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executed in a variety of eases; and has usually been 
thought an excellont preservative against the terrible effects 

of lightning. , . . , 

Some few instances however having occurred, in which 

buildings have been struck and damaged, though provided 
with tliese conductors; a controversy arose with regard 
to their expediency and utility. In this controversy Mr. 
Benjamin Wilson took the lead, and Dr.-Musgravc, and 
some few other electricians, the least acquainted with the 
subject, concurred with him in their opposition to pointed 
elevated conductors. These gentlemen allege, that every 
point, as such, solicits the lightning, and thus contributes 
not only to increase the quantity of every actual discharge, 
but also frequently to occasion a discharge when it might 
not otherwise have happened : whereas, say they, if instead 
of pointed conductors, those with blunted terminations 
were used, they would as effectually answer the purpose 
of conveying away the lightning safely, without the same 
tendency to increase or invite it. Accordingly Mr. Wil¬ 
son, in a letter to the marquis of Rockingham (Philos. 
Trans, vol.54, art. 44),expresses his opinion, that, in order 
to prevent lightning from doing mischief to high buildings, 
large magazines, and the like, instead of the elevated ex¬ 
ternal conductors, that, on the inside of the highest part 
of such building, and within a foot or two of the top, it 
may be proper to fix a rounded bar of metal, and to con¬ 
tinue it down along the side of the wall to any kind of 
moisture in the ground. 

On the other hand, it is urged by the advocates for 
pointed conductors, that points, instead of increasing an 
actual discharge, really prevent a discharge where it would 
otherwise happen, and that blunted conductors tend to in¬ 
vite the clouds charged with lightning. And it stems to 
be u certain fact, that though a sharp point will draw off 
a charge of electricity silently at a much greater distance 
than a°kiiob, yet a knob will be struck with a full explo¬ 
sion or shock, the charge being the same in both cases, at 
a greater distance than a sharp point. 

The efficacy of pointed bodies for preventing a stroke of 
lightning, is ingeniously explained Vby Dr. Franklin in 
the following inantler:—An eye, he says, sp situated as to 
view horizontally the underside of a thunder-cloud, will 
see it very ragged; with a number of separate fragments 
or small clouds one under another; the lowest some¬ 
times not far from the earth. These, as so many stepping- 
stones, assist in conducting a stroke between a cloud and 
a building. To represent these by an experiment, he 
takes two or three locks of fine loose cotton, and connects 
one of them with the prime conductor by a fine thread of 
2 inches, another to that, and a third to the second, by 
like threads, which may be spun out of the same cotton. 
Then by turning the globe, all these locks will extern! 
themselves towards the table, ns the lower small clouds 
do towards the earth; but on presenting a sharp point, 
erect under the lowest, it will shrink up to the second, the 
second up to the first, and all together to the prime con¬ 
ductor, where tliey will continue as long as the point con¬ 
tinues under them. May not, he adds, in like manner, the 
small electrified clouds, whoscequilibrium with the earth is 
soon restoyed by the point, fisc up to the main body, and 
by that means occasion so large a vacancy, as that the 
grand cloud cannot strike in that place ? Letters, pa. 121. 
B Mr. llcnly loo, as well as several other persons, with a 
view of determining the question, whether points or knobs 
axe to be preferred for the terminations of conductors. 
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made several experiments, showing in a variety of in¬ 
stances, the efficacy of points in silently drawing off the 
electricity, and preventing strokes which would happen 
to knobs in the same situation. Philos.'I rails..vol. 4, 
part 2, art. 18. See also Tu v s nr k-H ouse. 

Indeed it has been universally allowed, that in cases 
where the quantity of electricity, with which thunder¬ 
clouds are charged, is small, or w hen they move slowly 
in their passage to and over a building, pointed conduc¬ 
tors, which draw off the electrical fluid silently, within 
the distance at which rounded ends will explode, will 
gradually exhaust them, and thus contribute to prevent 
a stroke and preserve the buildings to which they are an¬ 
nexed. 

But it has been said by those who arc averse to the use 
of such conductors, that if clouds, of great extent, and 
highly electrified, should be driven directly over them 
with great velocity, or if a cloud hanging directly over 
buildings to which they are annexed, suddenly receives a 
charge "by explosion from another cloud at a distance, so 
as lo enable it instantly to strike into the earth, these 
pointed conductors must take the explosion; on account 
of their greater readiness to admit electricity at a much 
greater distance than those that arc blunted, and in pro¬ 
portion to the difference of that striking distance, do mis¬ 
chief instead of good: and therefore, they add, that such 
pointed conductors, though they may be sometimes ad¬ 
vantageous, are yet at other times prejudicial; and that, 
as the purpose for which conductors are fixed upon build¬ 
ings, is not to protect them from one particular kind of 
clouds only, but if possible from all, it cannot be advi¬ 
sable to use that kind of conductors which, if they dimi¬ 
nish danger on the one hand, will increase it on the other. 
Besides, It is alleged, that if pointed conductors are at¬ 
tended with any the slightest degree of danger, that dan¬ 
ger must be considerably augmented by currying them 
high up into the air, and by fixing them upon every an¬ 
gle of a building, and by making them project in every 
direction. Such is the reasoning of Dr. Musgravc: see 
his paper in the Philos’. Trans, vol. 68, part 2, art 36. 

Mr. Wilson too, jtiisscntiug from the report of a com¬ 
mittee of the Roya^Society, appointed to inspect the da¬ 
mage done by lightning to the house of the Board of Ord¬ 
nance. at Purflect, in 1777, was led to justify his dissent, 
and to disparage thfc use of pointed and elevated con¬ 
ductors, by means of a magnificent apparatus which he 
constructed, and with which he might produce cllects 
similar to those that had happened in the case referred to 
the consideration and decision of the committee. With 
this view he procured a model of the Board-house at Pur- 
fleet, resembling it as neaily as possible in every essential 
appendage,- and furnished with conductors o» different 
lengths and terminations. And to construct u substitute 
for a cloud, he joined together the broad rims of ICO 
drums, forming together a cylinder of 155 feet in length, 
and above 16 inches in diameter; and this immense cy¬ 
linder, of about 600 square feet of coaled surlace, was 
connected occasionally with one end of n wire 4800 feet 
long. As this bulky apparatus, representing the thunder¬ 
cloud, could not conveniently be put in motion, he con¬ 
trived to accomplish the same end by moving the mode<U>f 
the building, with a velocity answering to that of the 
cloud, which be states, at a moderate computation, to 
be about 4 or 5 miles an hour. This apparatus was 
charged by a machine with one glass cylinder, about 10 
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or 1 1 ftvt from 1 ts nearest end ; and the whole of the ap¬ 
paratus was disposed in the great room of the Pantheon, 
and applied to use in a variety of experiments. But it 
is impossible within the limits of this article to do justice 
to Mr. Wilson’s experiments, or to the inferences which he 
deduced from them: wc can only observe, that most of 
his experiments, in which the model of the house, which 
was passed swiftly under the artificial cloud, and having 
annexed to it cither the pointed or blunt conductors at 
Che same or different heights, were intended to show, that 
pointed conductors arc struck at a greater distance, and 
with a higher elevation, than the blunted ones: and from 
all his experiments made with pointed and rounded con¬ 
ductors, provided the circumstances be the same in both, 
he infers, that the rounded ones are much the safer of 
the two; whether the lightning proceeds from one cloud 
or from several; that those are still safer which rise little 
or nothing above the highest part of the building; and 
that this safety arises from the greatest resistance exerted 
at the larger surface. See Philos. Trans, for 1778, pa. 
232.. 

The committee of the Royal Society however, which 
was composed of nine of tho most distinguished electri¬ 
cians in the kingdom, and to whom was referred the con¬ 
sideration of the most effectual method of securing the 
powder-magazines at Put fleet against the effects of light¬ 
ning, express their united opinion, that elevated sharp 
rods, constructed and disposed in the manner which they 
direct, are preferable to low conductors terminated in 
rounded ends, knobs, or balls of metal; and that the ex¬ 
periments and reasonings, made and alleged to the con¬ 
trary by Mr. Wilson, are inconclusive. 

Mr. Nairnc also, in order to obviate the objections of 
Mr. Wilson and others, and to vindicate the preference 
generally given to high and pointed conductors, construc¬ 
ted a much more simple apparatus than that of Mr. Wil¬ 
son, with which lie made a number of well-designed and 
well-conducted experiments, which appear to prove the 
superiority of the pointed conductor as larasit is capable 
of being proved by an artificial electrical apparatus, 
from these last experiments it appears, that though the 
point was struck by means of a swift motion of the artifi¬ 
cial cloud, yet a small hall of 3 tenths of an inch dia¬ 
meter was struck further off than the point, and a larger 
ball at a much greater distance than either, even with the 
swiftest motion. Upon the whole, Mr. Nairnc seems to 
be justified in preferring elevated pointed conductors; next 
to them, those that are pointed, though they rise but 
little above the highest part of a building; and after them, 
those that are terminated in a ball, and placed even with 
the highest part of the building. See Philos. Trans. 1778, 
pa. 823. 

On the other part, Dr. Musgrave, not yet satisfied, 
gave in another paper, being “ Reasons for dissenting 
from the Report <»f the Committee appointed to consider 
of Mr. Wilsons Experiments; ihcluding Remarks on 
some Experiments exhibited by Mr.Nairnc;” which is 
inserted, by mistake, before Mr. Nairnc’s paper, being at 
pa. 801 01 i he same volume. 

And tuitlur, Mr. Wilson has another paper, on the 
same subj« ct, at pa. JJ.99 of the same v »|. ot Philos. Trans, 
for 1778, entitled, “ New Experiments upon the Leyden 
Phial, respecting the ieriuinalipn of conductorsre¬ 
peating and asserting his former objections and reasonings. 
In the Philos. Trans, too, for 1779# pa. 454, Mr. Wil¬ 


liam Swift has a paper, further prosecuting this subject ; 
making various experiments with simple and ingenious 
machinery, with models of houses and clouds, and with 
various kinds of conductors. From the experiments he 
infers in general, that “the whole current of these experi¬ 
ments tends to show the preference of points to balls, in 
order to diminish and draw off * lie electric matter when, 
excited, or to prevent it Irom accumulating; and conse¬ 
quently tl\c propriety or even necessity ot terminating all 
conductors with points, to make them useful to prevent 
damage to buildings Irom lightning. Nay the very con¬ 
struction of all electrical machines, in which it is ne¬ 
cessary to round all the pails, and to avoid making edges 
and points which would hinder the matter Irom being ex¬ 
cited, will, 1 imagine, on r< flection, be another corrobo¬ 
rating proof of the result of the expetimenls themselves.” 

There were other cointinjiiicutions made to the Royal 
Society on the important subject of conductors, some of 
which were received, and others rejected. On the whole, 
this contestjturned out one of the most extraordinary that 
ever was agitated in the Society ; producing the most re¬ 
markable disputes, differences, and strange consequences, 
that ever the Society experienced since it had existence ; 
consequences which manifested themselves in various in¬ 
stances lor many years after, and which continuuto this 
very day. All which, with the various secret springs and 
astonishing intrigues, may probably be given to the public 
on some other occasion. 

Point, in Geometry, according to Euclid, is that 
which has no parts, or is indivisible; being void of all 
extension, both ns to length, breadth, and depth. 

This is what is otherwise called the Mathematical 
Point, being the intersection of two lines, and is only con¬ 
ceived by the imagination; yet it is in this that all mag¬ 
nitude begins and ends; the extremes of a line being 
points; the extremes of a surface, lines; and the ex¬ 
tremes of a solid, surfaces. And hence some define a 
point, the inceptive of magnitude. 

Projfortion of Mathematical Points. It is a popular 
maxim, that all infinites are equal; yet is the maxim 
false, whether of quantities infinitely great, or infinitely 
little. Dr. Ilalley, and others have shown that there arc 
infinite quantities which are in a finite proportion to each 
other; and some that arc infinitely greater than others. 
Sec Infinite Quantity. * 

And the same is shown by Mr. Robarts, of infinitely 
small quantities, or mathematical Points. He demon¬ 
strates, for instance, that the points of contact between 
circles and their tangents, arc in the subduplicate ratio 
of the diameters of the circles ; that the point of contact 
between a sphere and a plane is infinitely greater than be¬ 
tween a circle and a line ; and that the points of contact 
in spheres of different magnitudes, are to each other as 
thc'diainctcrs of the spheres. Philos. Trans, vol. 27, pa- 
470. 

Conjugate Point, is used for that point into which the 
conjugate oval, belonging to some kind of curves, va¬ 
nishes. Mnclaurin's Algebra, pa. 308- 

Point of Contrary Flexure, Sec. Sec Inflexion, Rb- 
trooradatiou or RetR uo% ession,& c, of curves. 

Points tf the Compost, or Horizon , See, in Geography 
and Navigation, are the points of division when the whole 
circle, quite around, is divided into 32 equal parts. These 
points are therefore at the distance of the 32d part of tho 
circle, or 11°15% from each other; hence 5° 37 t,' s t * ie 
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distance of the half points, and 2° 48'| is the distance of 
the quarter points. See Compass. '1 he principal of 
these are the four cardinal points, east, west, north, and 
south. 

Point is also used for a cape or headland, jutting out 
into the sea.—The seamen say two points of land are one 
in another, when they are in a right line, the one behind 
the other. 

Point, in Optics. As the 

Point of Concourse or Concurrence, is that in which 
converging rajs meet; and is usually called focus. 

Point of Dispersion , IncidenceReflection , Refraction , 
and Radiant Point. See these several articles. 

Point, in Perspective, is a term used for various parts 
or places, with regard to the perspective plane. As, the 

Point of Sight, or of the Ey± (Tailed also the Principal 
Point, is the point on a plane where a perpendicular from 
the eye meets it. Sec Perspective. Some authors, 
however, by the Point of Sight, or Vision, mean the point 
where the eye is actually pjaced, and where all the rays 
terminate. See Perspective. 

Point of Distance , is a point in a horizontal line, at 
the same distance from the principal point as the eye is 
from the same. See Perspectiv e. 

Third Point, is a point taken at discretion in the line 
of distance, where all the diagonals meet that arc drawn 
from the divisions of the geometrical plane. 

Objective Point, is a point on a geometrical plane, 
whose representation on the perspective plane is required. 

Accidental Point, and Visual Point. See Accidental 
and Visual. . 4 

Point of View , with regard to Building, Painting, &c, 
is a point at a certain distance from a building, or other 
object, where the eye has the most advantageous view or 
prospect of the same. And this point is usually at a di¬ 
stance equal to the height of the building. 

Point, in Physics, is the smallest or least sensible ob¬ 
ject of sight, marked with a pen, or point pi a coinpass, 
or the like. This is popularly called a Physical point, 
and of such does all physical magnitude consist. 

Point-Blanc, Point-Blank , in Gunnery, denotes the 
horizontal or level position of a gun, or having its muzzle 
neither elevated nor depressed. And the point-blanc 
range, is the distance the shot goes, before it strikes the 
level ground, when discharged in the horizontal or point- 
blanc direction. Or sometimes this means the distance 
thc’ball goes horizontally in a straight-lined direction. 

POINTING, in Artillery and Gunnery, is the laying a 
piece of ordnance in any proposed direction, either hori¬ 
zontal, or elevated, or depressed, to any angle. This is 
usually effected by means of the gunner's quadrant, which, 
being applied to, or iji, the muzzle of the piece, shows by 
a plummet the degree of elevation or depression. 

Pointing, in Navigation, is the marking on the chart 
in what point, or place, the vessel is.—This is done by 
means of the latitude and longitude, after these are known, 
or found by observation or computation. Thus, draw' a 
line, with a pencil, Across tlic chart according to the lati¬ 
tude ; and another across the other way according to the 
longitude; then the intersection of these two lines, is the 
point or placfe on the chart where the ship is; which is 
then marked black with a pen, and the pencil lines rubbed 
out. From the point or place, thus found, the chart rea¬ 
dily shows the direct distance and course run, as also that 
still to run to the intended port> &c. 


POLAR, something that relates to the poles of the 
world : as polar virtue, polar tendency. 

Polar Circles, arc two lesser circles of the sphere, or 
globe, one about each pole, anil at the same distance from 
it as is equal to the sun's greatest declination or the obli¬ 
quity of the ecliptic ; that is, at present 23° 2S 1 .—The 
space included within each polar circle, is the frigid 
zone; and to every part of this space, the sun never sets 
at some time of the year, and never rises at another time ; 
each of these being a longer duration as the place is 
nearer the pole. 

Polar Dials , are such as have their planes parallel to 
some great circle passing through the poles, or to some¬ 
one of the hour-circlcs; so that the pole is neither ele¬ 
vated above the plane, nor depressed below it.— 1 his dial, 
therefore, can have no centre; and consequently its style, 
substyle, and hour-lines, are parallel.—Tins will there¬ 
fore be an horizontal dial to those who live at the equator. 

Polar Projection , is a representation of the earth, or 
heavens, projected on the plane of one of the polar circles. 

Polar Regions , are those parts of the earth which lie 
near the north and south polos. 

POLARITY, the quality of a thing having poles, or 
pointing to, or respecting some pole: as the magnetic 
needle, &c.— By heating an iron bar, and letting it cool 
again in a vertical position, it acquires a polarity, or mag¬ 
netic virtue : the lower end becoming the north pole, and 
the upper end the south pole. But iron bars acquire a 
polarity by barely continuing a long time in an erect posi¬ 
tion, even without heating them. I bus, the upright iron 
bars of some windows, &c, arc often found to have poles: 
Nay, an iron rod acquires a polarity, by the mere holding 
it erect ; the lower end, in that case, attracting the south 
end of a magnetic needle ; and the upper, the north end. 
But these poles arc mutable, and shill with the situation 
of the rod.—Somfc modern writers, particularly Dr.Hig¬ 
gins, in his Philosophical Essay concerning Light, have 
maintained the polarity of the parts of mutter, ,or that 
their simple attractions are more forcible in one direction, ' 
or axis of each atom, than in any other. 

POLES, ill Astronomy, thcYxtrcmities of the axis on 
which the whole sphere of the world revolves; or the 
points on the surface of the sphere through which the axis 
passes. These arc on every side at the distance of a qua¬ 
drant, or 5)0°, from every point of the equinoctial, and 
are called, by way of eminence, the poles of the world. 
Thjt which is visible to us in Europe, or raised above our 
horizon, is called the Arctic or North Pole; and its op¬ 
posite one, the Antarctic or South Pole. 

Poles, in Geography, are the extremities of the earth's 
axis; or the points on the surface of the earth through 
which the axis passes. Of which, that elevated above 
our horizon is called the Arctic or North Pole ; and the 
opposite one, the Antarctic or South Pole. 

In consequence of tl\e situation of the poles, with the 
inclination of the earth's axis, and its parallelism during 
the annual motion of our globe round the sun, the poles 
have-only one day and one'night throughout the year, 
each being half a year in length. And because of the 
obliquity with which the rays of the sun fall upon the 
polar regions, and the great length of the night in the 
winter season, it is commonly supposed the cold is so in¬ 
tense, that those parts of the globe which lie near the 
poles have never been fully explored, though the attempt 
hnrf been repeatedly made by the most celebrated naviga- 
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tors. Anil yet I)r. Halley was of opinion, that the sol¬ 
stitial day, at the pole, is as hot as at the equator when . 
the sun is in the zenith ; because all the 24 hours of that 
day under the pole the sun-beams are inclined to the hori¬ 
zon in an angle of 23° 2S f ; whereas at the equator, 
though the sun becomes vertical, yet he shines no more 
than 12 hours, being absent the other 12 hours: and be¬ 
sides, that during 3 hours 8 minutes of the 12 hours 
which he is abo\c the horizon there, he is not so much 
cle\ated as at the pole. Experience however seems to 
show that this opinion and reasoning of I)r..Halley arc 
not well founded: for in all the parts of the earth that 
we know, the middle of summer is always the less hot the 
farther the place is from the equator, or the nearer it is 
to the pole. 

The great object for which navigators have ventured 
themselves in the frozen seas about the north*pole, was to 
find out a more quick and ready passage to the East Indies. 
Ami this has been attempted three several ways : one by 
coasting along the northern parts of Europe and Asia, 
called the north-east passage; another, by sailing round the 
northern part of the American continent, called the north¬ 
west passage; and the third, by sailing directly over the 
pole itself. 

The possibility of succeeding in the north-cast was for a 
long time believed ; and in the last century many naviga¬ 
tors, particularly the Hollanders, attempted it with great 
fortitude and perseverance. But it was always found im¬ 
possible to surmount the obstacles which nature had 
thrown in the way ; and subsequent attempts have in a 
manner demonstrated the impossibility of ever sailing east¬ 
ward along the northern coast of Asia. The reason of this 
impossibility is, that in proportion to the extent of land, 
the cold is always greater in winter, and vice versa . This 
is .the case even in temperate climates; but much more* so 
in those frozen regions when the sun’s influence, even in 
summer, is but small. Hence, as the continent of Asia 
extends a vast way from west to cast, and has besides the 
continent of Europe joined to it on the west, it follows, 
that about the middle part of that tract of laud the cold 
should be greater than any where else. Expcncncc has 
determined this to be fact ; and it now appears, that about 
the middle of the northern part of Asia, the Ice never 
thaws; neither have even the hardy Russians and Sibe¬ 
rians themselves beep able to overcome the difficulties they 
meet with in that part of their voyages/ 

With regard to the north-west passage, the same diffi¬ 
culties occur as in the other. .According to Captain 
Cook's voyage, it appears that iflherc is any strait which 
divides the continent of America into two, it must lie in a 
higher latitude than 70 °, and consequently be perpetually 
frozen up. And therefore if a north-west passage can be 
found, it must be by sailing round the whole American 
continent, instead of secking/a passage through it, which 
some have supposed to exist in the bottom of Baffin's Bay. 
But the extent of the American continent to the north¬ 
ward is yet unknown ; and there is a possibility of its being 
joined to thot part of Asia between the Piasida and Chat- 
angu, which has never yet been circumnavigated. Indeed 
a rumour has lately gone abroad of some remarkable inlet 
being observed on the western coast of North America, 
which it is guessed may possibly lead to some communi¬ 
cation with the eastern side, by the lakes, or tf* passage 
into Hudson's Bay: but there seems little or no probabi¬ 
lity of any success this way, in which many fruitless ati 


tempts have been made at various times. It remains there¬ 
fore to consider, whether there is any probability of attain¬ 
ing the wished-for passage by sailing directly north, be¬ 
tween the eastern and western continents. 

The late celebrated mathematician, Mr. Maclaurin, was 
so fully persuaded of the practicability of passing by this 
way to the South and Indian seas, that he used to say, if 
his other avocations would permit, he would undertake 
the voyage of trial, even at his own expense. The prac¬ 
ticability of this method, which would lead directly to 
the pole itself, has also been ingeniously supported by 
Mr. Dailies Barrington, in some tracts published in the 
years 177-5 and 1776, in consequence of the unsuccessful 
attempt made by captain Phipps in the year 1773, to reach 
a higher northern latitude than 81°. Mr. Barrington in¬ 
stances a great number of navigators who have reached 
very high northern latitudes; nay, some who have been 
at the pole itself, or gone beyond it. From all which he 
concludes, that if the voyage be attempted at a proper 
time of the year, there would not be any great difficulty 
in reaching the pole. Those vast pieces of ice which com¬ 
monly obsttuct the navigators, lie thinks, proceed from 
the mouths of the great Asiatic rivers which run north¬ 
ward into the frozen ocean, and ate driven eastward and 
westward by the currents. But, though wc should sup ( - 
pose them to come directly from the pole, still our author 
thinks that this affords an undeniable proof that the pole 
itself is free from ice ; because, when the pieces leave it, 
and come to the southward, it is impossible that they can 
at the same time accumulate at the pole. 

The Altitude or Elevation of the Pole, is an arch of the 
meridian intercepted between the pole and the horizon of 
any place, and is equal to the latitude of the place. 

To obseive the Altitude qf the Pole. With a quadrant, 
observe both the greatest and least meridiAn altitude of the 
pole star. Then half the sum of the two altitudes, will be 
the height of the pole, or the latitude of the place ; and half 
the difference of the same will be the distance of the star 
from the pole/ But, for accuracy, (to observed altitudes 
should be corrected on account of refraction, before their 
sum or difference is taken. See Refraction. 

Pole, in Spherics, or the polo of a great circle. Vs a 
point on the sphere equally distant from every part of the 
circumference of the great circle; or a point JK>° distant 
froin the circumference of any part of it*—'l he zenith and 
nadir arc the poles of the horizon ; and the poles of the 
equator arc the same with those of the sphere or globe* 
Poles, in Magnetism, arc two points in a loadstone, 
corresponding to the poles of the world ; one pointing to 
the north, and the other to the south. If the stone be 
broken in ever so many pieces, every fragment will still 
have its two poles. And if a magnet be bisected by a 
plane perpendicular to the axis; tlte two points belorc 
joined will become opposite poles, one in each segment. 
—In touching a needle* &c, with a magnet, that part in¬ 
tended for the north end must be touched with the south 
pole of the magnet; and that intended for the south end, 
with the north pole; for the poles ofcthe.needle become 
contrary to those of the magnet.—A piece of iron acquires 
a polarity by only holding it upright ^ though its poles are 
not fixed, but shift, and are inverted as the iron is. Fire, 
destroys all fixed' poles i but it strengthens the mutable 
ones. . 

Dr. Gilbert says, the end of a rod bang heated, and left 
to cool pointing northward, it becomes a fixed north pole; 
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if southward, a fixed south pole. When the end is cooled 
while held downward, it acquires rather more magnetism 
than if cooled horizontally towards the north. But the 
best way is to cool it a little inclined to the north. Re¬ 
peating the operations ol heating and cooling does not in¬ 
crease the effect. 

Dr. Power says, if a rod be held northwards, and the 
north end be hammered in that position, it will become a 
fixed north pole ; and contrarily if the south end be ham¬ 
mered. The heavier the blows are, caeteris paribus, the 
stronger will the magnetism be; and a tew hard blows have 
as much effect as a great number. And what is said of 
hammering, is to be likewise understood of filing, grind¬ 
ing, sawing, &c; nay, a gentle rubbing, when long con¬ 
tinued, will produce poles. 

Old punches and drills have all fixed north poles; be¬ 
cause they are almost constantly used downwards. New 
drills have either mutable poles, or weak north ones. 
Drilling with such a one southward horizontally, it is a 
chance if you produce a fixed south pole; much less it 
you drill south downwards ; but by drilling south up¬ 
wards, you always make a fixed south pole. Mr. Ballard 
says, that in 6 or 7 drills, made in his presence, the bit 
of each became a north pole, merely by hardening.-—A 
weak fixed pole may degenerate into a mutable one in a 
day, or even in a few minutes, by holding it in a position 
contrary to its pole. The loadstone itself will not make a 
fixed pole in every piece of iron : if the iron be thick, it 
is necessary that it have some considerable length. 

Pole of a Glass, in Optics, is the thickest part of a 
convex glass, or the thinnest part of a concave one; being 
the same as what is otherwise called the vertex of the glass; 
and which, when truly ground, is exactly in the middle 
of its surface. 

Pole, or Ilod, in Surveying, is a lineal measure con¬ 
taining 54 yards, or l6j feet.—The square ot it is called 
a square pole; but more usually a perch, or a rod. 

• Pole-Star, is a star of the 2d magnitude near the 
tiorlh pole, in the dhd of the tail of ursa minor, or the 
Little Bear. Its mean place in the heavens for the begin¬ 
ning of 1810, w as as follows: viz, 

Right ascension -' - 13° 36' 15" 

Annual vuriut. in ditto - 0 3 8 

Declination - - 88 17 41 

Annual variat. in ditto , 0 0 19-nr 

The proximity of this star to the pole, on which account 
it is always above the horizon in these northern latitudes, 
makes it very useful in navigation, &c, for determining the 
meridian line, the elevation of the pole, and consequently 
the latitude of the.place, &c. 

POLEMOSCOl’E, in Optics, an oblique kind of pro¬ 
spective glass, contrived for the seeing of objects that do 
not lie directly before the eye. It was invented by Hevc- 
lius, in 1637. See Opera Glass. 

POLITICAL Arithmetic, the application of arithmetical 
calculations to political uses and subjects; such as the 
public revenues, the number of people, the extent and 
value of lands, taxes, trade, commerce, or whatever re¬ 
lates to the power, strength, riches, &c, of a nation or 
commonwealth. Or, as Davcnanl concisely defines it, the 
art of reasoning by figures, upon things relating to govern¬ 
ment. 'Plic chief authors who have attempted calculations 
of this kind, are. Sir William Petty, Major Graunt, Dr. 
Halley, Dr. Davenant, Mr. King, Dr. Price, M. Kcrse- 
boom, and M. de l’arcicux. 

Vol. II. 


Sir William Petty, among many other articles, states 
that, in his time, the people in England were about 6 
millions, and their annual expense about 7 1. each ; that 
the rent of the lands was about 8 millions, and the inter¬ 
ests and profits of the personal estates as much ; that the 
rent of the houses in England was 4 millions, and the 
profits of the labour of all the people 26 millions yearly ; 
that the corn used in England, at 5s. the bushel lor wheat, 
and 2s. 6d. for barley, amounts to 10 millions per annum ; 
that the navy of England required 36,OCO men to man it, 
and the trade and other shipping about 48,000; that the 
whole number of people in England, Scotland, and Ire¬ 
land, together, were about 9 millions and a half; and 
those in France about 13 millions and a half; and in the 
whole world about 350 millions ; also that the whole cash 
of England, in current money, was then about 6 millions 
sterling. See his Political Arith. p. 7+* &c. 

Dr. Davenant gives some good reasons why many ot 
Sir W. Petty’s numbers are not to be entirely depended 
on ; and advances others of his own, founded on the ob¬ 
servations of Mr. Greg. King. Some of the particulars 
arc, that the land of England is 39 millions of acres; that 
the number of people in London was about 530,000, and 
in all England five millious and a half, increasing 9OOO 
annually, or about tbe600th part ; the yearly rent of the 
lands 10 millions, and that of the houses 2 millions; the 
produce of all kinds of grain 9 millions. Davenant’s 
Essay on the probable methods, fire, in his works, vol. 6. 

Major Graunt, in his observations on the bills of mor¬ 
tality, computes, that there arc 39.000 square miles of 
land in England, or 25 million acres in England anil 
Wales, and 4.600,000 persons, making about 5 acres and 
a half to each person ; that the people of London were. 
640,000; and states the several numbers of persons living 
at the different ages. 

Sir William Petty, in liis discourse about duplicate pro¬ 
portion, further states, that it is found by experience, 
that there are more persons living between 16 and 26 tlian 
of any other age ; and from thence he infers, that the 
squaro roots of every number of men’s ages under l6, 
whose root is 4, show the proportion of the probability of 
such persons reaching the age of 70 years : thus, the pro¬ 
bability of reaching that age by persons of the 

ages of 16, 9, 4, and 1, • 

areas 4, 3, 2, 1, respectively. 

Also that the probabilities of their order of dying, at ages 
above that, arc as the square roots of the ages: thus, the 
probabilities of the order of dying first, 

" of the ages l6, 25, 36, &c, 

are as the roots 4, 5, 6, ivc, 

that is, the odds arc 5 to 4 that a person of 25 dies before 
one of 16, and so on, declining up to 70 years of use. 

Dr. Ilallcy has made a very exact estimation o the de¬ 
grees of mortality of mankind, front a curious table ol the 
births and burials, at the city of Breslau, in Silesia; with 
an attempt to ascertain the price of annuities upon lives, 
and many other curious particulars. See the Philos. Trans, 
vol. 17, pa. 596. Another table of this'knyi is given by 
Simpson, for the city of London ; and several by Price, 
Morgan and Baily, for many different places. 

Mr. Korscboom, of Holland, has many and curious 
calculations and tables of the same kind.. From his ob¬ 
servations on the births of the people in England, it ap¬ 
pears, that the number of males born, is in proportion to 
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that of the females, as 18 to 17 ; and that of the inhabi¬ 
tants living in Holland are in the same proportion. 

I)r. Brackenridge has given an estimate of the number 
of people in England, formed both from the number of 
houses, and also Irom the quantity of bread consumed. 
On the former principle, he finds the number of houses 
in England and Wales to be about y00,000; and, allow¬ 
ing 6 persons to each house, the number of people near 
5 millions and a half. And on the latter principle, esti¬ 
mating the quantity of corn consumed at home at 2 mil¬ 
lions of quarters, and 3 persons to every quarter of corn, 
makes the number of people 6 millions. See Philos. Trans, 
vol. 49, art. 45 and 113. 

Dr. Derham, from a great number of registers of places, 
finds the proportions of the marriages to the births and 
burials; and Dr. Price has done the same for still more 
places ; the mediums of all which are, 

, Marriages to 

13irihs, as 

Dr. Derham - - 1 to 4 - 7 . 

Dr. Price - - 1 to 3 i) 

See Philos. Trans. No. 480 ; also Dr. Price's Observa¬ 
tions on Reversionary Payments ; and the articles of this 
Dictionary, Expectation of Life , Lift-Annuities, Mor¬ 
tality, Population, & c. 

POLLUX, in Astronomy, the hind twin, or the poste¬ 
rior part of the constellation Gemini. 

Pollux is also a fixed star of the second magnitude, in 
the constellation Gemini, or the Twins. See Castor and 
Pollux, also Gemini. # 

POLY ACOUSTICS, instruments contrived to multiply 
sounds, as polyscopes or multiplying glasses do the images 
of objects. 

POLYEDRON. Sec Polyhedron. 

POLYGON, in Geometry, a figure of many sides ; and 
consequently of many angles also ; for every figure has as 
many sides as angles. If the angles be all equal among 
themselves, the polygon is said to be a regular one ; other¬ 
wise, it is irregular. Polygons also take particular names 
according to the number of their sides; thus a Polygon of 

3 sides is called a trigon, 

4 sides - . a tetragon, 

5 sides - a pentagon, 

6 sides - a hexagon, &c; .. 

and a circle may be considered as a polygon of an infinite 
number of small sides, or as the limit of the polygons. 

Polygons have various properties, as below : 

1 . Every polygon may be divided into as many triangles 
as it hath sides. 

2. The angles of any polygon taken together, make 
twice as many right angles, wanting 4, as the figure hath 
sides. Thus, if the polygon has 5 sides ; the double of 
that is 10, from which subtracting 4, leaves 6 right an¬ 
gles, or 540 degrees, which is the sum of the 5 angles of 
the pentagon. And this property, as well as the former, 
belongs to both regular and irregular polygons. 

3. Every regular polygon may be either inscribed in a 
circle, or described about it. But not so of the irregular 
ones, except the triangle, and another particular case as 
in the following property : An equilateral figure inscribed 
in a circle, is always equiangular.—But an equiangular 
figure inscribed in a circle.is not always equilateral,’ but 
only when the number of sidc 9 is odd. For if the sides be 
of an even number, then they may cither be all equal; or 
else half of them may be equal, and the other half equal 


to each other, but different from the former half, the equals 
being placed alternately. 

4. Every polygon, circumscribed about a circle, is 
equal to a right-angled triangle, of which one leg is the 
radius of the circle, and the other the perimeter or sum of 
all the sides of the polygon. Or the polygon is equal to half 
the rectangle under its perimeter and the radius of its in¬ 
scribed circle, or the perpendicular from its centre upon 
one side of the polygon. Hence, the area of a circle being 
less than that of its circumscribing polygon, and greater 
than that of its inscribed one, the circle is the limit of the 
inscribed and circumscribed polygons: in like manner 
the circumference of the circle is the limit between the 
perimeters of the said polygons; consequently the circle 
is equal to a right-angled triangle, having one leg equal to 
the radius, and the other leg equal to the circumference ; 
and therefore its area is found by multiplying half the 
circumference by half the diameter. In like manner, the 
area of uny polygon is found by multiplying half its peri¬ 
meter by tbe perpendicular demitted from the centre upon 
one side. 

5. In my Mensuration, pa. 15 &c, is given the geome¬ 
trical construction of several polygons; by which it ap¬ 
pears that, as the regular trigon, square, and pentagon, 
can be inscribed geometrically in a circle; and as an arc 
may be always bisected geometrically; therefore any 
polygon whose numbers of sides is expressed by 2 n , 3.2 n , 
or 5.2 n , may be inscribed in a given circle by the scale 
and compasses only. And it has lately been shown that 
a polygon, the number of whose sides is a prime number 
of the form 2 n -f- 1, may also be inscribed geometrically 
in a circle, a problem that was far from being thought pos¬ 
sible, till M. Gauss published his celebrated work entitled 
Disquisitiones Arithmetic®, in which he has given a com¬ 
plete solution of this problem ; it is however too complex 
to introduce in this place, and little suited to practical pur¬ 
poses. See Prime Number. 

6. But though we cannot inscribe^ geometrically any 
regular polygon whatever in a circle, we have a practical 
method of performing it, by means of the known measure 
of the angles, some examples of which may be seen in the 
following table, which exhibits the most remarkable par¬ 
ticulars in all the polygons, up to the dodecagon of 12 
sides; viz, the angle at the centre aob, the angle' df the 
polygon c or cab or double of oab, and the area of the 
polygon when each side a b is 1 . (See the following figure.) 


No. of 
sides. 

Name of 
polygon. 

Ang. O. 
■t cent. 

Ane. c. ol 
polygon. 

Area. 

3 

Trigon 

120 

60 

04330127 

4 

Tetragon 

yo 

90 

1-0000000 , 

5 

Pentagon 

72 

108 

1-7204774 

6 

Hexogon 

60 

120 

2-5980762 

7 

Heptagon 

51? 

128$ 

3 6339124 

8 

Octagon 

45 

135 

4-8284271 

9 

Nonagon 

40 

140 

6-1818242 

10 

Decagon 

36 

144 

7*69+2068 

11 

Undccngon 

32A 

147A 

93656399 

12 

Dodecagon 

30 

150 

• 

11-1961524 


By means of the numbers in this table, any polygons 
may be constructed, or their areas found : thus, (1st) To 
inscribe a Polygon in a given Circle . At the centre make 
the angle o equal to the anglo at the centre of the pro- 
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posed polygon, found in the 3d column of the table, the V 
lees cutting the circle in a aud u ; and join a and r, which (. 

will be one side of the polygon. Then take ab between C 

the compasses, and apply it continually round the circutn- | 
ftrence, to complete the polygon. C 

f 2dj Upon the given Une a n to describe a regular \ 
Polygon. From the extremities draw the two lines a o and ( 

no, making the angles a and b each equal to half the J 

an »lc of the polygon, found in the 4th column of the table, 
and their intersection o will be the centre of the circum- 
scribed circle: then apply ab continually round the cir¬ 
cumference as before. 

(3d) To describe a Polygon about a given Circle. At the 
centre o make the angle of the centre 
as in the 1st art. its legs cutting the 
circle in a and b: join ab, and pa¬ 
rallel to it draw a b to touch the 
circle: and meeting oa and o b pro¬ 
duced in a and b: with the radius 
OA, or OB, describe a circle, and 
around its circumference apply con- 

... « « . * i . . t 
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Aritb. Progres. 

i, 

2, 

3 , 

4, 

Triang. Nos. 

i, 

3, 

6 , 

10 , 

Aritb. Progres. 

i, 

3, 

5 , 

7 , 

Square Numbers 

i > 

4, 

9, 

16 , 

Aritb. Progres. 

i, 

4, 

7, 

10, 

Pentagonal Nos. 

i, 

5, 

12, 

OO 

* * 

Aritb. Progres. 

i, 

5 , 

9, 

13, 

Hexagonal Nos. 

i, 

0 , 

13, 

28, 
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tinually ah, which will complete the polygon as before. 

(4 th) To find the Area qf any regular Polygon —Multiply 
the square of its side by the tabular area, found on the 
line of its name in the last column of the table, and the 
product will be the area. Thus, to find the area of the 
triton, or equilateral triangle, whose side is 20. 1 he 

square of 20 being 400 multiply the tabular area-4330127 
by 400, and the product 173-20508 will be the area. 

7. There are also several curious algebraical theorems 
for inscribing polygons in circles, or finding the chord of 
any proposed part of the circumference, which is the same 
as angular sections. These kinds of sections, or parts and 
multiples of arcs, were first treated of by Victa, as shown 
in the Introduction to my Log. pa. 9. and since pursued 
by several other mathematicians, in whose works they arc 
usually to be found. 

^Polygon, in Fortification, denotes the figure or peri¬ 
meter of a fortress, or fortified place. This is cither Ex¬ 
terior or Interior. . _ - , . 

Exterior Polygon is the perimeter or figure formed by 
lines connecting the points of the bastions to one another, 

quite jound the work. And 

Interior Polyoon, is the perimeter or figure formed by 
lines connecting the centres of the bastions, quite around. 

Line of Polygons, is a line on some sectors, contain¬ 
ing the homologous sides of the first nine regular polygons 
inscribed in the same circle; viz, from an equilateral tn- 
angle to a dodecagon. 

POLYGONAL Numbers , arc the continual or succes- 
sive sums of numbers in arithmetical progression, begin¬ 
ning at 1, and regularly increasing; being called polygo- 
n als, because the number of points in them may be ar¬ 
ranged in the form of the several polygonal figures in geo¬ 
metry, as is illustrated under the article Figurate Hum¬ 
bert-. which see. , , . 

The several kinds of polygonal numbers, viz, the tri¬ 
angles, squares, pentagons, hexagons, &c, arc formed 
from the addition of the terms of the arithmetical sqnes, 

having respectively their common difference 
&c • viz if the common difference of the anthmeticals be 
1 , the sums of their terms will form the triangles ; if 2, 
the squares; if 3, the pentagons; if 4, the hexagons, &c. 

Thus: 


The Side of a polygonal number is the number of points 
in each side of the polygonal figure when the points in the 
number are ranged in that form. And this is al«o the 
same as the number of terms of the anthmeticals that arc 
added together in composing the polygonal number. 

The Angles, or Numbers of Angles, arc the same as 
those of the figure from which the number takes its name. 
So the angles°of the triangular numbers are 3, of the 
square ones 4, of the pentagonals 5, of the hexagonals 0, 
and so on. Hence, the angles are 2 more than the com¬ 
mon difference of the arithmetical series from which any 
rank of polygonals is formed : so the arithmetical series 
has for its common difference the number 1 or 2 or 3 Sec 
as follows, viz, 1 in the triangles, 2 in the squares, 3 in 
the pentagon*, &c; and, in general, il fl he the number of 
angles in the polygon, then a — 2 is = d the common dif- 
fercnce of the arithmetical scries, or d -+- 2 = a the num¬ 
ber of angles. 

Prob. 1. To find any Polygonal Number proposed ; 
having given its side n and angles a. The polygonal 
number being evidently the sum of the arithmetical pro¬ 
gression whose number of terms is n and common dif¬ 
ference a - 2; and the sum of an arithmetical progres¬ 
sion being equal to half the product of the extremes by 
the number of terms, the extremes being 1 and l -+- d 
(„ _ l) = 1 -+• (a - 2) . (n — 1) ; therefore that num¬ 
ber, or this sum, will be 

n’d — n{d — ' i) Qr n’(a — 1) — n'a — 4), w j iere j j s t h e com- 
•2 2 

mon difiercnce of the arithmetieals that form the poly¬ 
gonal number, and is always 2 less than the number of 

angles a. , 

llcncc, for the several kinds of polygons, any particular 
number whose side is n, will be found from either ol these 
two formulae, by using for d its values 1, 2, 3, 4, &c ; 
which gives these following formula) for the polygonal 
number in each sort, viz, the 

Triangular - -rC” 1 ■+* n )> 

Square - i(2«* — 0”) = n ’» 

Pentagonal - 1(3 n* — n). 

Hexagonal - 4(4«* 2n), 

Heptagonal - i(5n* — 3n), 

mgonal - *[(« - 2)n* - (m - ♦)»]. 

P no b. 2. To find Sum of any Number of Polygonal 
Numbers of any order.—Let the angles ol the polygon be 
a or the common difference of the anthmeticals that form 
the polygonals, d ; and n the number of terms in the poly- 
tonal series, whose sum is sought: then is 
!(„*_ i) dn i(« + 1)» or *(n*- l). (« - 2)n *(n -i- l)n 

the sum of then terms sought. 

Hence, substituting successively the numbers 1, 2,3,4, 
tec for d, there .is obtained the following particular cases, 
or formula;, for the sums of n terms of the several ronkc 
of polygonal numbers, viz, the sum of the 
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Triangulars 

Squares 

Pentagonals 

Hcxagouals 

Hcptagonals 


i ( n * 
^C2»* 
4C3»* 

*(5» x 


3» 
3n 
3n 
3n 
3 n 


See, which may be illustrated us follows : 
Triangles. 

Side. 


2)n, 

l)n, 

0 )n f 

1) n, 

2) n. 


1 

1 




Triangle. 

I 

Figure. 


/\ 

/ \ 

i f. w»».^ 


4 

10 # 


. 

z.. 


•••••••*< 


Squares. 

1 2 

1 4 


Side. 


Square. 

) 

Figure. 


4 

10' 



•.. 

L. 


t 

# 

• 

• 

i 

wi 



Pentagons. 

Side. 


1 2 

3 

4 

1 5 

Pentagon. 

12 

22 

• » 

• A 

Figure. 

f V V • 

\ • fv-T 7 

Y f \ r 

* r . J 

<\r 


U 


v v 



And thus may any polygonal number bo represented by 
points in the figure whose name it bears. 

Thus, in the above figures, begin with drawing a small 
polygon that has the number of sides required (as 5 or 6) ; 
this number remains constant for one and the same serios 
of polygon numbers, and is always equal to 2 plus the 
difference of the arithmetical progression from which the 
series is produced. f I hen choose one of its angles, in or¬ 
der to draw from the angular point all the diagonals of 
tins polygon, which, with the two sides containing the angle 
that has been taken, arc to be Indefinitely produced; 
after that has been done, take these two sides, and the dia¬ 
gonals of the first polygon on the indefinite lines, each as 
often as you choose; and draw, from the corresponding 
points marked by the compasses, lines parillcMo the first 
polygon r and divide them into as many equal parts, or 


by as many points, as there are actually in the diagonals 
and the two sides produced. 

This rule is general, from the triangle up to the polygon 
of an infinite number of sides. 

Fermat discovered a very curious and general property 
of polygonal numbers, which is this : That every number 
is the sum of one, two, or three triangular numbers ; the 
sum of one, two, three, or four squares; the sum ol one, 
two, three, four, or five pentagonal numbers; and so on; 
that is generally: If m denote any order of polygonal 
numbers, then any number whatever may be resolved into 
m polygonal numbers of this order, or a less number. 

This curious property has not however been demon¬ 
strated, except for the eases of triangles and squares, the 
other eases seeming to bid defiance to the efforts of those 
mathematicians who have attempted them. A demon¬ 
stration for the squares may be seen in Lcybourn's Mathe¬ 
matical Repository; and for both the squares and trian¬ 
gles, in Legendre’s Essai sur la Tbeoric des Nombros. 

POLYGONOMETRY, the science and principles of 
polygons. For which, see my Course of Mathematics, 
last volume. 

POLYGRAM, in Geometry, a figure consisting of many 
lines. 

POLYHEDRON, or Polyedron, a body or solid 
contained by many rectilinear planes or sides. When the 
sides of the polyhedrori are regular polygons, all similar 
and equal, then the polyhedron becomes a regular body, 
and may be inscribed in a sphere; that is, a sphere may¬ 
be described about it, so thnt its surface shall touch all 
the angles or corners of the solid. There arc but five of 
these regular bodies, viz, the tetraedron, the hcxqcdron or 
cube, thcoctacdron, the dodecacdron, and the icosnedron. 
See Regular Body, and each of those five bodies seve¬ 
rally. 

Gnomonical Polyhedron, is a stone with several faces, 
on which are projected various kinds of dials. Of this 
sort, that in the Privy-garden, London, now gone to ruin, 
was esteemed the finest in the world. 

Polyhedron, in Optics. See Polyscope. 

POLYHEDROUS Figure, in Geometry, a solid con¬ 
tained under many sides or planes. Sec Polyhedron. 

POLYNOMIAL, in Algebra, a quantity of many names 
or terms, and is otherwise called a .Multinomiaqp As 
a -+- 36 — 2c -4- 4 d, &c. See Multinomial. 

POLYOPTRUM, in Optics, a glass through which ob¬ 
jects appear multiplied, but diminished. This differs both 
in structure and phenomena from the common multiply¬ 
ing glasses called polyhedrn or polyscopes. 

To construet the Polyoptrum .—From a glass ad, plane on 
both sides, and about 3 fingers thick, cut out spherical 
segments, scarce a 5th part of a digit in diameter.—If 
then the glass be removed to such a distance from the eye, 
that you can take in all the cavities at one view, you will 
see the same object, as if through so many several con¬ 
cave glasses as there aro cavities, and all exceeding sm^ll. 
—Fit this, as an object-glass, in a tube 
abcd, whose aperture ab is equal to tho 
diameter of the glass, and the other CD is 
equal to that of an eye-glass, as for in¬ 
stance about a finger’s breadth. The 
length of the tube ac is to be accommo¬ 
dated to the object-glass and eye-glass,by 
trial. In cd fit a convex eye-glnss, or in its stead a meniscus 
having the distance of its priucipal focus a little larger than 
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the length of the tube ; so that the point from which the applied to the aperture of a camera obscura ; the sun's 
rays diverge alter refraction in the object-glass, may be in rays, passing through it, will carry with them the linages, 
the focus.° If then the eye be applied near the eye-glass, and project them on the opposite wall.—This artifice bears 



a single object will be seen repeated as often ns there are 
cavities in the object-glass, but still diminished. 

POLYSCOPE, or Polyhedron, in Optics, is a mul¬ 
tiplying glass, being a glass or lens which represents a 
single object to the eye as if it were many. It consists ot 
several plane surfaces, disposed into a convex form, 
through every one ol which the object is seen. 

Phenomena of the Polyscope. — 1. If several rays, as ef, 
a n, CD, •full parallel on the 
surface of a polyscope, 
they will continue parallel 
after refraction. If then 
the polyscope be supposed 
regular, lh, iii.iu will be 
as tangents cutting the 
spherical convex lens in F, 

b, and d ; and consequently, rays falling on the points of 
contact, intersect the axis. Therefore, since the rest are 
parallel to these, they will also mutually intersect each 
other in o.—Hence, if the eye be placed where parallel 
rays decussate, rays of the same object will be propagated 
to it still parallel from the several sides of the glass. 
Therefore, since the crystalline humour, by ks convexity, 
unites parallel rays, the rays will be united in as many 
different points of the retina, a, l), c, as the glass has sides. 
Consequently the eye, through a polyscope, sees the object 
repeated as many times as there are sides. And hence, 
since rays coining from very remote objects are parallel, 
a remote object is seen through a polyscope as often re¬ 
peated as that has sides. 

2. If rays ab, ac, ad, coming from a radiant point a # 
fall on several sides 
of a regular poly¬ 
scope ; after refrac¬ 
tion they will de¬ 
cussate in o, and 
proceed on a little 
diverging.—Hence, 
if the eye be placed 
where, the rays decussate after coming from the several 
plaueii the rays will be propagated to it from the several 
planes a little diverging, or as if they proceeded from 
different points. But since the crystalline humour, by its 
convexity, collects rays from several points into the same 
point; the rays will be united in as many different points 
of the retina, a, b, c, as tile glass has sides; and conse¬ 
quently *the eye, being placed in the focus g, will sec even 
a near object through the polyscope as often repeated as 
that has sides. 

Thus may the images of objects be multiplied in a ca¬ 
mera obscura, by placing a polyscope at its aperture, and 
adding a convex lens at a due distance from it. And it 
makes a very pleasant appearance, if a prism* be applied 
so that the coloured rays of the sun refracted from it be 
received on tbc polyscope: for by this means they will be 
thrown on a paper or wall near at hand in little lucid 
specks, much exceeding the brightness of any precious 
stone; and in the focus of the polyscope, where the rays 
decussate (for iu this experiment they are received on the 
convex side), will be a star of surprising lustre. 

Farther, if images be painted in water-colours in the 
areola? or little squares of a polyscope, and th« glass be 



a resemblance to that other, by which an image on paper 
is projected on the camera ; viz, by wetting the paper 
with oil. and straining it tight in a frame ; then applying 
it to the aperture of the camera obscura, so that the rays 
of a candle may pass through it upon the polyscope. 

To make an Anamorphosis, or Deformed Intake, which 
shall appear regular and beautiful through a Polyscope, or 
Multiplying Glass. —At one end of a horizontal table erect 
another perpendicularly, on which a figure may be de¬ 
signed ; and on the other end erect another, to serve as a 
fulcrum or support, moveable on the horizontal one. To 
the fulcrum apply a plano-convex polyscope, consisting, 
for example, of 24- plane triangles; and let the polysco|>e 
be fitted in a draw-tube, of which that end towards the 
eye may have only a very small aperture, and a little far¬ 
ther off than the focus. Remove the fulcrum from the 
other perpendicular table, till it be out of the distance oi 
the focus ; and the more so, as the image is to be greater. 
Before the little aperture place a lamp ; and trace the lu¬ 
minous arcolx projected from the sides of the polyscope, 
with a black lead pencil, on the vertical plane, ora paper 
applied upon it. 

in the several areola?, design the different parts of an 
image, in such a manner as that, when joined together, 
they may make one whole, looking every now and then 
through the tube to guide and correct the colours, and to 
see that the several parts match and fit well together. As 
to the intermediate space, it may be filled up with any 
figures or designs at pleasure, contriving it so, as that to 
the naked eye the whole may exhibit some appearance 
very different from that intended to appear through the po¬ 
lyscope.—The eye, now looking through the small aperture 
of the tube, will see the several parts and members dis¬ 
persed among the areola? to exhibit one continued image, 
all the intermediate parts disappearing. See Anamor¬ 
phosis, 

POLY'SPASTON, in Mechanics, a machine so called 
by Vitruvius, consisting of an assemblage of several pul¬ 
leys, used for raising heavy weights. [c . 

PONTON, or Pontoon, a kind of flat-bottomed boat, 
whose carcase of wood is lined within and without with 
tin. Some nations line them on the outside only, and that 
with plates of copper, which is better. , Our pontoons arc 
21 feet long, nearly 5 feet broad, and 2 feet If inch deep 
within. T hey arc carried along with an army upon car¬ 
riages, to make temporary bridges, called pontoon-bridges. 

Pontoon -Bridge, a bridge made of pontoons slipped 
into the water, and moored by anchors and otherwise 
fastened together by ropes, at small distances from one 
another; then covered by. beams of timber passing over 
them ; upon which is laid a flooring of boards. By this 
means, whole armies ofinfuntry, cavalry, and artillery are 
quiokly passed over rivers.—ior want of pontoons, &c, 
bridges are sometimes formed of empty powder-casks, or 
powder-barrels, which support the beams and flooring. 
Julius Ca?sar and Aulus Gellius both mention pontoons 
(pontoivcs); but theirs were no more than a kind of square 
flat vessels, proper for carrying over horse, &c. 

PONT-Volant, or Flying-bridge, is a kind of bisdge 
used in sieges, for surprising a post or outwork that has but 
narrow moats. It is made of two small bridges laid over 
each other, and so contrived that, by meaus of cords and 
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pulleys placed along the sides of the under bridge, the 
upper may be pushed forwards, till it join the place 
where it is designed to be fixed. The whole length of bothu 
ought not to be above 5 fathoms, lest it should break with 
the weight of the men. 

POPULATION of the World.— From Lc Sage's AtM® 

1 S14, is in 



Millions. 

Europe 

J70 

Asia 

380 

Africa 

90 

America, North 

30 

- South 

20 

The Oceanic Islands 

20 

population of the globe 

710 


POUCH, in Architecture, a kind of vestibule supported 
by columns ; much used at the entrance of the ancient 
temples, halls, churches, &c. Such is that before the 
door of St. Paul's, Covent Garden. 

When a porch had four columns in front, it was called 
a tetrastyle; when six, hexastyle; when eight, octostylc, 
&c. See Tetrastyle , &c. 

PORES, arc the small interstices between the particles 
of matter which compose bodies ; and are either empty, or 
filled with some insensible medium.—Condensation and 
rarefaction are only performed by closing and opening the 
pores. Also the transparency of bodies is supposed to 
arise from their pores being directly opposite to one ano¬ 
ther. And the matter of insensible perspiration is con¬ 
veyed through the pores of the cutis.—Mr. Boyle has a 
particular essay on the porosity of bodies, in which he 
proves that the most solid bodies have some kind of pores : 
and indeed if they had not, all bodies would be alike spe¬ 
cifically heavy. 

Sir Isaac Newton shows, that bodies arc much more rare 
and porous than is commonly believed. Water, for ex¬ 
ample, is 19 times lighter and rarer than gold ; and gold 
itself is so rare, as very readily, and without the least op¬ 
position, to transmit magnetic eflluvia, and easily to admit 
even quicksilver into its pores, and to let water passthrough 
it: for a concave sphere of gold hath, when filled with 
water, and soldered up, upon pressing it with a great force, 
suffered the water to squeeze through it, and stand nil over 
its outside, in multitudes of small drops like dew, without 
bursting or cracking the gold. Whence it may be con¬ 
cluded, that gold has more pores than solid parts, and con¬ 
sequently that water has above 40 times more pores than 
parts. Hence it is that the magnetic, effluvia passes 
freely through all cold bodies that arc not magnetic; and 
that the rays of light pass, in right lines, to the greatest 
distances through pellucid bodies. 

PORIME, Porima , in Geometry, a kind of easy lemma, 
or theorem so easily demonstrated, that it is almost self- 
evident : such, for example, as that a chord is wholly 
within the circle.—Porimc stands opposed to aporime, 
which demotes a proposition so difficult, as to be almost 
impossible to be demonstrated, or effected. Such as the 
quadrature of the circle, &c. + 

POUISM, Porisma,' in Geometry, has by some been 
defined a general theorem, or canon, deduced from a geo¬ 
metrical locus,andserving for the solution of other general 
and^lifficult problems. Proclus derives the word from 
the Greek tfopi'Ca/, I establish, and conclude from some¬ 
thing already done and demonstrated: and accordingly 
he defines porisma a theorem drawn occasionally from 


some other theorem already proved: in which sense it 
agrees with what is otherwise called corollary, and was 
much used as such even by the geometers two or three 
centuries ago. 

Pappus says, A porism is that in which something was 
proposed to be investigated, or something between u the¬ 
orem and a problem. Others derive it from Trc'fo;, a pas- ** 
sage* and make it of the nature of a lemma, or a pro¬ 
position necessary for passing to another more important 
one. 

But Dr. Simson, rejecting the accounts that have 
been given of a porism, defines it a proposition, cither in 
the form of a problem or a theorem, in which it is pro¬ 
posed cither to investigate, or demonstrate. And Mr. 
Playfair says, A porism is nothing else than that particular 
case, when the data of a problem are so related to one 
another as to render it indefinite, or capable of innumer¬ 
able solutions. Edinburgh Philos. Trans, vol. 1, pa. 6*0. 

Euclid wrote three bocks of porisms, being a curious 
collection of various things relating to the analysis of 
the more difficult and general problems. Those books 
however are lost; and nothing remains in the works of 
the ancient geometricians concerning this subject, besides 
what Pappus has preserved, in a very imperfect and ob¬ 
scure state, in his Mathematical Collections, viz, in the 
introduction-to the 7th book. 

Several attempts have been made to restore these writings 
in some degree, besides that which Pappus Inis left upon 
the subject. Thus, Fermat has given a few propositions 
of this kind ; which arc to be found in the collection of 
his works, in folio, 16*79# P«- H<5. The like was done by 
Bulliald, in his Excrcitationcs Geometrical, 4to, 1657* 
Dr. Robert Simson gave also a specimen, in two propo¬ 
sitions, in the Philos. Trans, vol. 32, pa. 330; and besides 
left behind him a considerable treatise on the subject of 
porisms, which has been printed in an edition of his works^ 
at the expense of the earl of Stanhope, in 4to, 1776'; an 
English translation of a part of which was published by 
Mr. Lawson in the year following. 

The whole three books of Euclid were also restored by 
that ingenious mathematician Albert Girard, as appears 
by two notices that lie gave, first in his Trigonometry, 
printed in French, at the Hague, in 1629, and alsoijfi his 
edition of the works of Stevinus, printed at Leyden in 
1634, pa. 459; but whether bis intention of publishing 
them was ever carried into execution, I have not been able 
to learn. • • 

A learned paper on the subject of porisms, by. the very 
ingenious professor Playfair, was inserted in the 3d volume 
of*the Transactions of the Royal Society of Edinburgh. 
And as this paper contains a number of curious observa¬ 
tions on the geometry of the ancients in general, ns well as 
forms a complete treatise as it were on porism in particu¬ 
lar, a pretty considerable abstract of it cannot but be 
deemed in this place very useful and important. 

u The restoration of the ancient books of geometry 
(says the learned professor) would have been impossible, 
without the coincidence of two circumstances, of which, 
though the one is purely accidental, the other is essentially 
connected with the nature of the mathematical sciences. 
The first of these circumstances is tho preservation of a 
short abstract of those books, drawn up by Pappus Alcx- 
andrinus, together with a series of such lemmata, as lie 
judged useful to facilitateitbo study of them. The second 
is, the necessary connection that takes place among the 
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objects of every mathematical work, which, by exclu¬ 
ding whatever is arbitrary, makes it possible to determine 
the who 1# course of an investigation, when only a few 
points in it are known. From the union of these circum¬ 
stances, mathematics has enjoyed an advantage of which' 
no other branch of knowledge can partake; and-while 
* the critic or the historian has only been .able to lament 
the fate of those books of Livy and Tacitus which are 
lost, the geometer has had the high satisfaction to behold 
the works of Euclid and Apollonius reviving under his 
bands. 

“ The first restorers of the ancient books were not, 
however, aware of the full extent of the work which they 
had undertaken. They thought it sufficient to demonstrate 
the propositions, which they knew from Pappus, to have 
been contained in those books; but they did not follow 
the ancient method of investigation, and few of them ap¬ 
pear to have had any idea of the elegant and simple ana¬ 
lysis by which these propositions were originally discover¬ 
ed, and by which the Greek geometry was peculiarly dis¬ 
tinguished. 

4< Among these few, Fermat and Halley are to be par- 
ticularly remarked. The former, one of the greatest ma¬ 
thematicians of the last age, and a man in all respects of 
superior abilities, had very just notions of the geometrical 
analysis, and appears often abundantly skilful in the use 
of it; yet in his restoration of the Loci Plani, it is remark¬ 
able, that in the. most difficult propositions, he lays aside 
the analytical method, and contents himself with giving 
the synthetical demonstration. The latter, among the great 
number and variety of his literary occupations, found 
time for a most attentive study of the ancient mathema¬ 
ticians, and was an instance of, what experience shows 
to be much rarer than might be expected, a man equally 
well acquainted with the ancient and the modern geome ¬ 
try, and equally disposed to do justice to the merit of 
both. . He restored the books of Apollonius, on the pro¬ 
blem Dc Scctione Spatii, according to the true principles 
of thg ancient analysis. 

“ These books however are but short, so that the first 
restoration of considerable extent that can be reckoned 
complete, is that of the Loci Plani by Dr. Siinson, pub¬ 
lished in 1749; which, if it differs at all from the work 
it is intended to replace, seems to do so only by its greater 
excellence. This much at least is certain, that the me¬ 
thod of flic ancient geometers does not appear to greater 
advantage in the most entire of their writings, than in the 
restoration above mentioned : and that Dr. Simson has 
often sacrificed the elegance to which his own analysis 
would have led, in order to tread more exactly in* what 
the lemmata of Pappus pointed out to him, as thc.track 
which Apollonius had pursued. 

44 There was another subject, that of porisms, the most 
intricate and enigmatical of any thing in the ancient geo¬ 
metry, which was still reserved to exercise the genius 
of Dr. Simson, and to call forth that enthusiastic admi¬ 
ration of antiquity, and that unwearied perseverance in 
research, for which he was so peculiarly distinguished. 
A treatise in three books, which Euclid had composed on 
pOrisms, was lost, and all that remained concerning them 
was an abstract of that treatise, inserted by Pappus 
Alexandrians in his Mathematical Collections, in which, 
bad it been entire, the geometers of later times would 
doubtless have found wherewithal to console themselves 
for the loss of the original work. But unfortunately it has 


suffered so much from the injuries of time, that all which 
we cun immediately learn from it is, that the ancients 
put a high value on the propositions which they called 
porisms, and regarded them as a very important part of 
their analysis. The purisms of Euclid arc said to be, 
44 Collcctio artificiosissima multarum rcruin qua.* spcctant 
ad analysin difiicilioruin c-t genera liim proll matum.' 
'1 he curiosity, however, which is excited b\ this encomium 
is quickly disappointed; for when Pappus proceeds to ex¬ 
plain what a purism is, he lays down two definitions <>l it, 
one of which is rejected by him as imperfect, while the 
other, which is stated as correct, is too vague and indefi¬ 
nite to convey any useful information. 

4 ‘ '1 hose defects might nevertheless have been supplied, 
if the enumeration which he next gives of Euclid’s Pro¬ 
positions had been entire; but on account of the extreme 
brevity of his enunciation*, and their reference to a dia¬ 
gram which is lost, and for the constructing of which no 
directions are given, they are all, except one, perfectly 
unintelligible. For these reasons, the fragment in ques¬ 
tion is so obscure, that even to the learning and penetra¬ 
tion of Dr. Halley it seemed impossible that it could ever 
be explained ; and he therefore concluded, after giving 
the Greek text with all possible correctness, and adding 
the Latin translation, 4 Hactenus Porismatum descriptio 
m e mihi intellecta, ncc lectori profutura. Nequc aliler 
fieri potuit,*tnm ob defectum sebevnatis cujus fit mentio, 
quam ob omissa quaedam et transposita, vel alitor vitiate 
in propositionis generalis expositione, unde quid si bi vel it 
Pappus baud mihi datum est conjicerc. His adde dictio- 
nis moduin niinis contractum, ac in re difficili, qualis 
ha?c est, minime usurpandum.' 

44 It is true, however, that before this time, Fermat 
had attempted to explain the nature of porisms, and not 
altogether without success. Guiding his conjectures by 
the definition which Pappus censures as imperfect, be¬ 
cause it defined porisms only 4 ab accidcnte/ viz, 4 poris- 
ma est quod deficit hypothesi a Theoremate Locali/ he 
formed to himself a tolerably just notion of these propo¬ 
sitions, and illustrated his general description by ex¬ 
amples that are in effect porisms. But he was able to 
proceed no farther; and he neither proved, that his no- 1 
tion of a porism was the same with Euclid's, nor at¬ 
tempted to restore, or explain any one of Euclid’s propo¬ 
sitions; much less did he suppose, that they were to be 
investigated by an analysis peculiar to themselves. And 
so imperfect indeed was this attempt, that the complete 
restoration of the porisms was necessary to prove, that 
Fermat had even approximated to the truth. 

44 All this did not however deter Dr. Simson from 
turning his thoughts to the same subject, which he appears 
to have done very early, and long before the publication 
of the Loci Plani in 1749. 

44 The account he gives of his progress, and of the ob¬ 
stacles he encountered, will be always interesting to ma¬ 
thematicians. 4 Postquam vero apud Pappum legeram, 
porismata Euclidis collcctionem fuissc artificiosissimum 
multarum rcrum, qua? spcctant ad analysin difficiliorum 
et genernlitun problematum, magno desiderio tenebar, 
aliquid dc iis cognoscendi; quare smpius et multis yarns- 
que viis turn Pappi propositioncm gcneralem, nmneara 
et irtipcrfcctam, turn primum lib. i. • 

44 4 Porisina, quod solum cx omnibus in tribus libris in¬ 
tegrum adhuc vnanct, intclligere ct rcstitucrc conabar; 
frustra tamen, nihil cniin proficicbam. Cumquc cogita- 
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tioncs <)e liac rc multum mihi tcmporis consumpscrint, 
at quo niolcsta? admodum evascrint, firmiter animum in- 
du\i luce nunquum in posteruin investigate ; pra'sertim 
cum optimus geometra Mallcius spem omnem dc iis iu- 
tclligendis abjecisset. Unde quotics inenti occurrcbant, 
lotus eas arcebam. Poslea tanu*n accidit, ut iinprovidura 
el propositi iiinncniorcm invuscrint, inequo dctinucrint 
donee tandem lux quaedam ctfulscrit, qua? spem milii 
facie bat itivcniciidi saltern Pappi propositioncm genern- 
lein, quum quidem inulta invesligatione tandem rcstitui. 
Use aulein paulo post una cum Porisinatc primp 
lib. 1 . impressa est interTransactions Phil, anni 1/23, 
num. 177/ 

“ The propositions mentioned, as inserted in the Phi¬ 
losophical Transactions for 1723, arc all that Dr. Sirnson 
published on the subject of porisins during his life, though 
he continued his investigations concerning them, and suc¬ 
ceeded in restoring a great number of Euclid s proposi¬ 
tions, together with their analysis. The propositions 
thuN restored form a part of that valuable edition of the 
posthumous works of this geometer which the mathema¬ 
tical world owes to the munificence of the late carl 
Stanhope. 

“ The subject of porisms is not however exhausted, 
nor is it yet placed in so clear a light as to need no fur¬ 
ther illustration. It yet remains to enquire into the pro¬ 
bable origin of these propositions, that is to nay, into the 
steps by which the ancient geometers appear to have been 
led to the discovery of them. 

“ It remains also to point out the relations in which 
they stand to the other classes of geometrical truths; to 
consider the species of analysis, whether geometrical or 
algebraical, that belongs to them: and, if possible, to 
assign the reason why they have so long escaped the no¬ 
tice of modern mathcpiaticans. It is to these points that 
the following observations arc chiefly directed. 

“ I begin with describing the steps that appear to have 
led the ancient geometers to the discovery of porisms; 
and must here supply the want of express testimony 
by probable reasonings, such as arc necessary, whenever 
we would trace remote discoveries to their sources, and 
which have more weight in mathematics than in any other 
of the sciences. 

“ It cannot be doubted, that it has been the solution 
of problems, which, in all states of the mathematical 
sciences, has led to the discovery of most geometrical 
truths. The first mathematical enquiries, in particular, 
must have occurred in the form of questions, where some¬ 
thing was given, and something required to be done; and 
by the reusonings necessary to answer these questions,' or 
to discover the relation between the things that were given 
and those that were to be found, many truths were sug¬ 
gested, which came afterwards to be the subjects of sepa¬ 
rate demonstration. The number of these wus the greater, 
as the ancient geometers always undertook the solution 
of problems with a scrupulous and minute attention, which 
would scarcely sutler any of the collateral truths to escape 
their observation. We know from the cxumplcs which 
they have left us, that they never considered a problem as 
resolved, till they had distinguished all its varieties, and 
evolved separately every different case that could occur, 
carefully remarking whatever change might arise in .the 
construction, from any change that was supposed to take 
place among the magnitudes which were given. 

“ Now as this cautious method of proceeding was not 


210 ] P O It * 

better calculated to avoid error, than to layftold of every 
truth that was connected with the main object fcf enquiry, 
these geometers soon observed, that there were ffiany pro¬ 
blems which, in certain circumstances, would admit of 
no solution whatever, and that the general construction by 
which they were resolved would fail, in consequence of a 

parlicular.relation being supposed among the quantities 
• • ■ • • 


which were given. 

" Sucji problems were then said to become impossible; 
and it was readily perceived, that this always happened, 
when one of the conditions prescribed was inconsistent 
with the rest, so that the supposition of their being united 
in the same subject, involved a contradiction. Thus, when 
it was required to divide a given line, so that the rectangle 
under its segments should be equal to a given space, it was 
evident, that if this space was greater than the square of 
half the given line, the thing required could not possibly, 
be done; the two conditions, the one defining the magni¬ 
tude of the line, and the other that of the rectangle under 
its segments, being thin inconsistent with one another. 
Hence an infinity of beautiful propositions concerning the 
maxima and the minima of quantities, or the limits ol the 
possible relations which quantities may stand in to one 
another. 

41 Such cases as these would occur even in the solution 
of the simplest problems ; but w hen geometers proceeded 
to the analysis of such as were more complicated, they 
must have remarked, that their constructions would some¬ 
times fail, for u reason directly contrary to that which has 
now been assigned. Instance* would be 'found where the 
lines that, by their intersection, were to determine the 
thing sought, instead of intersecting one another, as they 
did in general, or of not meeting at all, as* in the <tbovc~ 
mentioned case of impossibility, would coincide with one 
another entirely, and leave the question of consequence 
unresolved. but though this circumstance must have 
created considerable embarrassment to the geometers who 
first dbserved it, us being perhaps the only instance in 
which the language of their own science had yet appeared 
to them ambiguous or obscure, it would not probably be 
long till they found out the true interpretation to be put 
on it. After a little reflection, they would conclude, that ^ 
since, in the general problem, the magnitude required was 
determined by the intersection of the two lines above men¬ 
tioned, that is to say, by the points common to them both ; 
so, in the case of their coincidence, as all their points were 
in common, every one of these points must afford a solu¬ 
tion ; which solutions therefore must be infinite in num¬ 
ber ; and also, though infinite ih number, they must all 
be related to one utiothcr, and to the things given, by cer¬ 
tain laws, which the position of the two coinciding lines 
must fieccssarily determine. 

On enquiring farther into the peculiarity in the state 
of the ilyta which had produced this unexpected result, it 
might likewise be remarked, that the whole proceeded from 
one of the conditions of the problem involving another, or 
necessarily including it; so that they both together mtulc 
in fact but one, and did not leave a sufficient number of inde¬ 
pendent conditions, to coniine the problem to a single solu¬ 
tion, or to any determinate number of solutions. It was 
not difficult afterwards to perceive, that these cases of 
problems formed very curious propositipns, of an inter¬ 
mediate nature between problems and theorems, and that 
they admitted of being enunciated separately, in a manner 
peculiarly elegant and concise. It was to such propu- 
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sitions, so enunciated, that the ancient geometers gave the 
imiuc of poflsm® 

“ This deduction requires to be illustrated by exam¬ 
ples." Mr. Play fait then gives several problems by way of 
illustration ; one of which, which may here suffice to show 
the method, is as follows : 

. 44 A triangle arc being c 

given, and also a point D; 

to draw through n a straight / j 

line do, such, that, perpen- / \_ jy 

diculars being drawn to it / / \T 

from the three angles of the 
triangle, viz, ae, bc., cf, the 
sum of the two perpendicu¬ 
lars on the same side of dg. 


n 



1UI o UII mv ----' 

shall be equal to the remaining perpendicular : or, that 
ae and bo' together, may be equal to cf. 

“ Suppose it done: Bisect ar in h, join cn, and draw 
hk perpendicular to do.— Because a b is bisected in ii, 
the two perpendiculars af. and bg are together double of 
jik ; and as they are also equal to CF by hypothesis, cf 
must be double of hk ; and CE of Lit. Now, CH is given 
in position, and magnitude ; therefore the point L is given ; 
and the point u being also given, the line dl is given in 

position, which was to be found. 

« The construction was obvious. Bisect ad in h, join 
CI 1 , and take HL equal to one third of cii ; the straight 
line which, joins the points d and L is the line required. 

<< N ow , it is plain, that while the triangle auc remains 
the same, the point L also remains the same, wherever the 
point d may he. The point d may therefore coincide 
with i.; and when this happens, the position of the line 
to be drawn is left undetermined ; that is to say, any line 
whatever drawn through v will satisfy the conditions of 
the problem. Here therefore we have another indefinite 
case of a problem, and of consequence another porism, 
which may be thus enunciated : “ A triangle being given 
in position, a point in it may be found, such, that any 
straight line whatever being drawn through that point, the 
perpendiculars drawn to this straight line from the two 

• angles of the triangle which are on one side of it, will be 
together equal to the perpendicular that is drawn to the 
same line from the angle on the other side of it. ' 

“ This porisiu may be made much more general; for 
if, instead of the angles of a-triangle, wc suppose ever so 
many points to he given in a plane, a point may be found 
such, that any straight line being drawn through it, the 
sum of all the perpendiculars that fall on that line from 
the given points on one side of it, is equal to the sum of 
the perpendiculars that fall on it from all the points on the 
other side of it. 

“ Or still more generally, any number of points being 
gjvcn not in the same plane, a point may be found, through 
which if any plane be supposed to pass, the sum of all the 
perpendiculars which fall on that plane from the points 
on one side of it, is equal to the sum of all the perpen¬ 
diculars that fall on the same plane from the points on 
the other side of it. It is unnecessary # to observe, that 
the point to be found in these propositions, is no other 
than' the centre of gravity of the given points ; and that 
therefore wc have here an example of a porism very well 
known to the modern geometers, though not distinguished 

by them from other theorems." 

After some examples of. other porisms, and remarks 

upon them, the author then adds, 

Vol. II. 


From this account of the origin of porisms, it fol¬ 
lows, that a porism may he defined, A proposition affirm¬ 
ing the possibility of finding such conditions as will render a 
certain problem indeterminate, or capable of innumerable 
solutions. 

“ To this definition, the different characters which 
Pappus has given will apply without difficulty. '1 he 
propositions described in it, like those which he men¬ 
tions, are, strictly speaking, neither theorems nor pro¬ 
blems, but of an intermediate nature between both ; lor 
they neither simply enunciate a truth to be demonstrated, 
nor propose a question to be solved, but arc affirmations 
of a truth, in which the determination of an unknown 
quantity is involved. In as far therefore as they assert, 
that a certain problem may become indeterminate, they 
are of the nature of theorems ; and in as far as they seek 
to discover the conditions by which that is brought About, 
they are of the nature of problems. 

“ In the preceding definition also, and the instance* 
from which it is deduced, we may truce that imperfect de¬ 
scription of purisms which Pappus ascribes to the later 
geometers, viz, ‘ Porisma cst quod deficit hypothesi a 
theoremate locali.’ Now, to understand t^iis, it must be 
observed, that if we take the converse of one of the pro¬ 
positions called Loci, and make the construction ol the 
figure a part of the hypothesis, we have what was called 
by the ancients a Local Theorem. And again, il, in enun¬ 
ciating this theorem, that part of the hypothesis which 
contains the construction be suppressed, the proposition 
arising from thence will he a porism ; lor it will enunciate 
a truth, and will also require, to the* full understanding 
and investigation of thut truth, that something should be 
found, viz, the circumstance in the construction, sup¬ 
posed to be omitted. 

“ Thus when we say ; If x 

from two given points E and 
d, two lines ef and fd are in¬ 
flected to a third point f, so 
as to be to one another in a 
given ratio, the point F is in 
the circumference of a circle 
given in position ; we have a 
Locqs. 



« But when conversely it is said ; If a circle abc, of 
which the centre is o, be given in position, as also u point 
E, and if d be taken in the line eo, so that the rectangle 
EO, on be equal to the square of ao, the semidiameter of 
the circle; and if from e and d, the lines ef and df be 
inflected to any point whatever in the circumference abc ; 
the ratio of ef to df will t»a given ratio, and the same 
with that of ea to ad i wc have a local theorem. 

And, lastly, when it is>aid ; If a circle abc be given 
in position, and also a point e, a point d may be found, 
such, that if the two lines ef and fd be inflected from-a 
and D, to any point whatever F, in the circUml.-rencef 
these lines shall have a given ratio to one another: tho 

proposition.becomes a porism. 

“ Here it is evident, that the local theorem is changed 
into a porism, by leaving out what relates to the determi¬ 
nation of the point d, and of the given ratio. But though 
all propositions formed in this way, from the conversion 
of Loci, be porisms,.yet all porisms arc not formed from 
the conversion of Loci. The first and second of the pre¬ 
ceding, for instance, cannot by conversion be changed 
into Loci; and therefore the definition which describes all 
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porisms as being so convertible, is not sufficiently com¬ 
prehensive, Fermat's idea of porisms, as has been already 
observed, was founded wholly on this definition, and there¬ 
fore could not fail to be imperfect. 

“ It appears therefore, that the definition of porisms 
given above, agrees with Pappus’s idea of these proposi¬ 
tions, as far at least as can be collected from the imperfect 
fragments which contain his general description of them. 
It agrees also with Dr. Simson's definition, which is this: 

* Porisvna cst propositio in qua pruponitur demonstrare 
rern aliquam, vcl plures datas esse, cui, vel quibus, ut 
ct cuilibet ex rebus innumeris, non quideiti datis, sed quae 
ad ea quae data sunt candcm habent relationcm, convenire 
ostendendum cst affectionem quandam comraunem in pro- 
positionc descriptam. 

“ It cannot be denied, that there is a considerable 
degree of obscurity in this definition ; notwithstanding 
which it is certain, that every proposition to which it 
applies must contain a problematical part, viz, 4 in qua 
proponitur demonstrare rern aliquam, vel plures datas 
esse/ and also a theoretical part, which contains the pro¬ 
perty, or communis affcctio, affirmed of certain things 
which have been previously described. 

“ It is also evident, that the subject of every such pro¬ 
position, is the relation between magnitudes of three dif¬ 
ferent kinds; determinate magnitudes which are given; 
determinate magnitudes which arc to be found ; and inde¬ 
terminate magnitudes which, though unlimited in number, 
are connected with the others by some common property. 
Now, these are exactly the conditions contained in the de¬ 
finitions that have been given here. 

“ To confirm the truth of this theory of the origiu of 
porisms, or at least the justness of the notions founded on 
it, I must add a quotation from an essay on the same sub¬ 
ject, by a member of this society, the extent and correct¬ 
ness of whose views make every coincidence with his opi¬ 
nions peculiarly flattering. In a paper road several years 
ago before the Philosophical Society, Professor Dugald 
Stewart defined a porism to be 4 A proposition affirming 
the possibility of finding one or more .of the conditions of 
an indeterminate theorem/ Where, by an indetermi¬ 
nate theorem, as he had previously explained it, is meant 
one which expresses a relation between certain quantities 
that are indeterminate, both in magnitude and in number. 
The near agreement of this with the definition and expla¬ 
nations which have been given above, is too obvious to 
require to be pointed out; alul 1 have only to observe, that 
it was not long after the publication of Simson's posthu¬ 
mous works, when, being both of us occupied in specula¬ 
tions concerning porisms, we were led separately to the 
conclusions which I have now 6tated. 

44 In an enquiry into the origin of porisms, the etymo¬ 
logy of the term ought not to be forgotten. The question 
indeed is not about the derivation of the word Ylopifr^a., 
for concerning that there is no doubt; but about the rea¬ 
son why this term was applied to the class of propositions 
above described. Two opinions may be formed on this 
subject, and each of them with considerable probability ; 
Imo. One of the significations of is to acquire or 

obtain; and hence IT opicrpcc, the thing obtained or gained . 

44 Accordingly, Scapula says, 4 Est vox a geometris de- 
sumpta qui theorema uliquid ex demonstrative syllogismo 
necessario sequens inferentes, illud quasi lucrari dicuntur, 
quod non cx prpfesso quidem theorematis hujus instituta 
sit demonstration sed tamcn ex demonstratis rectc sequa- 


tur/ In this sense Euclid uses the word in his Elements 
of Geometry, where he calls the corollaries Of his propo¬ 
sition, porismata. This circumstance creates a presump¬ 
tion, that when the word was applied to a particular class 
of propositions, it was meant, in both cases, to convey 
nearly the same idea; as it is not at all probable, that so 
correct a writer as Euclid, and so scrupulous in his use of 
words, should employ the same term to express two ideas 
which arc perfectly different. May we not therefore con¬ 
jecture, that these propositions got the name of porisms, 
entirely with a reference to their origin ? According to the 
idea explained above, they would in general occur to ma¬ 
thematicians when engaged in the solution of the more 
difficult problems, and would arise from those particular 
cases, where one of the conditions of the data involved in 
it some one of the rest. Thus a particular kind of theo¬ 
rem would he obtained, following as a corollary from the 
solution of the problem : and to this theorem the term 
Tlopia-f^a might be very properly applied, since, in the words 
of Scapula, .already quoted, ‘ Non ex professo theorematis 
hujus instituiasit demonstratio, sed tamcn ex demonstratis 
rectc sequatur.’ 

“ 2do. But though this interpretation agrees s6 well 
with the supposed origin of porisms, it is not free from 
difficulty. The verb vof/fa lias another signification, to 
find out , to discover , to devise ; and is used in this sense by 
Pappus, when besays that the propositions called porisms, 
afford great delight, to is Swausnotf ojav xai iropitetv, to 
those who are able to understand and investigate. Hence 
comes 7rof(<r//.or, the act qf finding out or discovering, and 
from TTO^Kr/MOf, in this sense, the same author evidently con¬ 
siders Ilofic-p-a ns being derived. His words are, Epatrav 
$e (it a^yaioi) noptc-fta eivat to rforetyoi^tvov etf TlogttrpA)r 
ctvTB rtj 7rf orsivop-tya, The ancients said, that a Porism is some¬ 
thing‘proposed for the finding out, or discovering Of the very 
thing proposed. It seems singular,.however, that porisms 
should have taken their name from a circumstance com¬ 
mon to them with so many other geometrical truths ; and 
if this was really the case, it must have been on account 
of the enigmatical form of their enunciations, which re¬ 
quired, that in the analysis of these propositions, a sort ofj 
double discovery should be made, not only of. the truth, 
but also of the meaning of the very thing which was pro¬ 
posed. They may therefore have been called porismata, 
or investigations, by way Of eminence. 

“ We might next proceed to consider the particular 
porisms which Dr. Simson has restored, and to show, that 
every one of them is the indeterminate case of some pro¬ 
blem. But of tins it is so easy for any one, who has at¬ 
tended to the preceding remarks, to satisfy himself, by 
barely examining the enunciations of those propositions, 
that the detail, unto which it would lead, seems to be un¬ 
necessary. I shall therefore go on to ronko some observa¬ 
tions on that kind of analysis which is particularly adapted 
to the investigation of porisms. 

“ If the idea which we have given of these propositions 
be just, it follows, that they arc always to be discovered by 
considering the cases in which the construction of a pro¬ 
blem fails in consequence of the lines which, by their in¬ 
tersection, or the points which, by their position, were to 
deterraino the magnitude required, happening to coincide 
with one another—a porism may therefore bo deduced 
from the problem it belongs to, in the same manner that 
the propositions concerning jhc maxima and minima of 
quantities arc deduced from the problems of which they 
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form tlio limitations; and such no doubt is the most na- blem has no impossible case belonging to it. There are, 

tural and most obvious analysis of which this class of however, comparatively but few ponsmsiso s.mplc m then 
rural ana n } origin as this, or that arise from problems in which the 


propositions will admit. _ ... , . 

“ It is not, however, the only one that they will admit 
of ; and there are good reasons for wishing to be provided 
with another, by meads of which, a porism that is any how 
suspected to exist, may be found out, independently of 
the'<’eneral solution of the problem to which it belongs. 

Of These reasons, one is, that the porism may perhaps ad¬ 
mit of being investigated more easily than the general pro¬ 
blem admits of being resolved ; and another is, that the 
former, in almost every case, helps to discover the simplest 
and most elegant solution that can be given of the latter. 

“ It is-desirablc to have a method ot investigating po- 
risms, which docs not require that we should previously 
resolve the problems they arc connected with, and which 

may always serve todetcrminc, whether to any given problem 

there be attached a porism, or not. Dr. Simson’s Analysis 
may be considered as answering to this description ; for as 
that geometer did not regard these propositions at all in 
the li»ht that is done here, nor in relation to their origin, 
an independent analysis of this kind was the only one that 
could occur to him; and he has accordingly givch one 
which is extremely ingenious, and by no means easy to be 
invented,-but which he uses with great skilfulness and 
dexterity throughout the whole of his Restoration. 

ii it i s no t easy to ascertain whether this be the precise 
method used by the ancients. Dr.Simson had here no¬ 
thin^ to direct him but his genius, and has the lull merit 
of the first inventor. It seems probable, however, that 
there is at least a great aflinity between the methods, since 
the lemmata given by Pappus as necessary to Euclid's de¬ 
monstrations, are subservient also to those of our modern 

geometer; ^ ^ hayc seen> a general principle, that a pro¬ 
blem is converted into a porism, when one, or when two, 
of the conditions of it, necessarily involve in them some 
m one of the rest. Suppose then that two of the conditions 
' ^arc exactly in that state which determines the third ; then, 
while they remain fixed or given, should that third one be 
supposed to vary, or differ, ever so little, from the state 
required by the other two, a contradiction will ensue. 
Therefore if, in the hypothesis of a problem, the conditions 
be so related to one another, as to render it indeterminate, 
a porism is produced ; but if, of the conditions thus re¬ 
lated to One another, some ond be supposed to vary, while 
the others continue the same, an absurdity follows, and the 
problem becomes impossible. Wherever therefore any pro¬ 
blem admits bolh of an indeterminate, and an impossible 
case, it is certain, that these cases arencarly related to one 
another, and that some of the conditions by which they 
arc produced, are corafnon to both. 

“ It is supposed above, that two of the conditions of a 
problem involve in them a third ; and wherever that hap¬ 
pens, the conclusion which has been deduced will invaria¬ 
bly take place. . . , 

“ But a porism may sometimes be so simple, as to arise 

from the mere coincidence of one condition of a problem 
with another, though in no case whatever, any inconsist¬ 
ency can take place between them. Thus, in the second 
of the foregoing propositions, the coincidence of the point 
Given in the problem with another point, viz, the centre of 
Gravity of the given triangle, renders the problem indeter¬ 
minate * but as there is no relation of distance, or posi¬ 
tion, between these points, that may not exist, so the pro¬ 


origin as this, or that arise from problems in which the 
conditions arc so little complicated ; tor it usually hap¬ 
pens, that a problem which can become indefinite, may 
also become impossible ; and if so, the connection between 
these cases, which has been already explained, never fails 
to take place. 

“ Another species of impossibility may frequently arise 
from the porismatic case of a problem, which will very 
much affect the application of geometry to astronomy, or 
any of the sciences of experiment or observation. l or 
when a problem is to be resolved by help of data furnished 
by experiment or observation, the first thing to be consi¬ 
dered is, whether the data so obtained, be sufficient for de¬ 
termining the thing sought; and in this a very erroneous 
judgment may be formed, if we rest satisfied with a ge¬ 
neral view of the subject. For though the problem may 
in general be resolved from the data that we are provided 
with, yet these data may be so related to one another in 
the case before us, that the problem will become indeter¬ 
minate, and instead of one solution, will admit of an inii- 

nitc number. • . 

“ Suppose, for instance, that it were required to deter- 
mine the position of a point f from knowing that it was 
situated in the circumference of a given circle abc, and 
also from knowing the ratio of its distances from two given 
points e and n; it is certain that in general these data 
would be sufficient for determining the situation of r. 
But nevertheless, if e ami n should be so situated, that 
they were in the same straight line with the centre of the 
given circle ; and if the rectangle under their distances 
from that centre, were also equal to the square of the ra¬ 
dius of the circle, then, the position of f could not be 
determined. 

“ This particular instance may not indeed occur in uny 
of the practical applications of geometry; but there is 
one of the same kind which has actually occurred in 
astronomy. And as the history of it is not a little singu¬ 
lar, affording besides an excellent illustration of the nature 
of porisms, I hope to be excused for entering into the fol¬ 
lowing detail concerning it. 

“ Sir Isaac Newton having demonstrated, that the tra¬ 
jectory of a comet is a parabola, reduced the actual deter¬ 
mination of the orbit of any particular comet to the solu¬ 
tion of a geometrical problem, depending on the properties 
of the parabola, but of such considerable difficulty, that 
it is necessary to take the assistance of a more elementary 
problem, in order to find, at least nearly, the distance of 
the comet from the earth, at the times when it was ob¬ 
served. The expedieht for this purpose, suggested by 
Newton himself, was to considera small part of the comet s 
path as rectilineal, and described with an uniform motion, 
so that four observations of the comet being made at mo¬ 
derate intervals of time from one another, four straight 
Ihics would be determined, vir, the four lines joining the 
places of the earth and the cornet, at the times of obscr- 
vation, across which if a straight line were drawn, so as 
to be cut by them in three parts, in the same ratios with 
the'intervals of time above-mentioned ; the line so drawn 
would nearly represent the comet’s path, and by its inter¬ 
section with the given lines, would determine, at least 
nearly, the distances of the comet from the earth at the 
time of observation. 

iL The geometrical problem here employed, of drawing 
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a line to be divided by four other lines given in position, 
into parts having given ratios to one another, had.been 
already resolved by Dr. Wallis and Sir Christopher Wren, 
and to their solutions Sir Isaac Newton added three others 
of his own, in different parts of his works. Yet none of 
all these geometers observed that peculiarity in the pro¬ 
blem which rendered it inapplicable to astronomy. This 
was first done by M. Boscovich, but not til) after many 
trials, when, on its application to the motion of comets, 
it had never led to any satisfactory result. The errors it 
produced in sonic instances were so considerable, that Za- 
notli, seeking to determine by it the orbit of the comet of 
1739, found, that his construction threw the comet on the 
side of the sun opposite to that on which he had actually 
observed it. This ga\e occasion to Boscovich, some jears 
afterwards, to examine the different cases of the problem, 
and to remark that, in one of them, it became indetermi¬ 
nate, and that, by a curious coincidence, this happened in 
the only case which could be supposed applicable to the 
astronomical problem above-mentioned ; in other words, 
he found, that in the state of the data, which must there 
always take place, innumerable lines might be drawn, that 
would be all cut in the same ratio, by the four lines given 
in position. This he demonstrated in a dissertation pub¬ 
lished at Rome in 174J), and since that time in the third 
volume of his Opuscula. A demonstration of it, by the 
same author, is also inserted at the end of Castillon's Com¬ 
mentary on the Arithmctica Universalis, where it is de¬ 
duced from a construction of the general problem, given 
by Mr. Thomas Simpson, at the end of his Elements of 
Geometry. The proposition, in Boscovich's words, is this : 

1 Problema quo quseritur recta linca quae quatuor rectas 
positionc datas itasecet, ut tria ejus seginentasint invicem 
in rationc data, evudit aliquando indetcrmiimtum, ita ut 
per quodvis punctual cujusvis ex iis quatuor rectis duci 
possit recta linca, qua? ei conditipni faciat satis/ 

“4t is needless, 1 believe, to remark, that the proposi¬ 
tion thus enunciated is a porism, and that it was disco¬ 
vered by Boscovich, in the same way in which I have sup¬ 
posed poristns to have been first discovered by the geome¬ 
ters of antiquity. 

€i A question nearly connected with the origin of po- 
j’isins still remains to be solycd, namely, from what cause 
has it arisen that propositions which are in themselves so 
important, and that actually occupied so considerable a 
place in the ancient geometry, have been so little remarked 
in the modern ? It cannot indeed be said, that propositions 
of this kind were wholly unknown to the moderns before 
the restoration of what Euclid had written , concerning 
them ; for besides Boscovicbs proposition, of which so 
much has been already said, the theorem which asserts, 
that in every system of points there is a centre of gravity, 
has been shown above to be a porism ; and we shall see 
hereafter, that many of the theorems in the higher geome¬ 
try belong to the same class of propositions. .\Vc may 
add, that some of the elementary propositions of geometry 
want only the proper form of enunciation to be perfect po- 
risms. It is not therefore strictly true, that nope of the 
propositions called porisms have been known to the mo¬ 
derns; but it is certain, that they have not met, from 
them, with the attention they met with from the ancients, 
and that they have not been distinguished as a separate 
class of propositions. The cause of this difference is un¬ 
doubtedly to besought for in a comparison of the methods 
.'employed for the solution of geometrical problems in an¬ 
cient and modern times. 


“ In the solution of such problems, the geometers of 
antiquity proceeded with the utmost caution, and were 
careful to remark every particular case, that is' to say, 
every change in the construction, which any change in 
the state of the data could produce. The different con¬ 
ditions from which the solutions were derived, were sup¬ 
posed to vary one by one, while the others remained the 
same; and all their possible combinations being thus 
enumerated, a separate solution was given, wherever any 
considerable change was observed to have taken place. 

€i This was so much the case,(that the Sectio Uationis, 
a geometrical problem of no great difficulty, and one of 
which the solution would be dispatched, according to the 
methods of the modern geometry, in a single page, was 
made by Apollonius, the subject of treatise consisting 
of two books. The first book has 7 general divisions, and 
24 cases ; the second, 14 general divisions, and 73 cases, 
each of which cases is separately considered. Nothing, 
it is evident, that was any way connected with the pro¬ 
blem, could escupe a geometer, who proceeded with such 
minuteness of investigation. • 

“ The same scrupulous exactness may be remarked in 
all the other mathematical researches of the ancients; and 
the reason doubtless is, that the geometers of those ages,, 
however expert they were in the use of their analysis, 
had not sufficient experience in its powers, to trust to the 
more general applications of it. That principle which 
we call the law of continuity, and which connects the 
whole system of mathematical truths by a chain of insen¬ 
sible gradations, was scarcely known to them, and has 
been unfolded to us, only by a more extensive knowledge 
of the mathematical sciences, and by that most perfect 
mode of expressing the relations, of quantity, which forms 
the language of algebra ; and it is this principle alone 
which has taught.us, that though in the solution of a pro¬ 
blem, it may be impossible to conduct the investigation 
without assuming the data in a particular state, yet thfc 
result may be perfectly general,and will accommodateitsclf . 
to every case with such wonderful versatility, as is scarcely* 
credible to the most experienced n^athcinutician, and 
such as often forces him to stop, in the midst of his cal¬ 
culus, and look back, with a mixture of diffidence and 
admiration, on the unforeseen harmony of his conclu¬ 
sions. All this was unknown to the ancients; and there¬ 
fore they had no resource, but to apply their analysis se¬ 
parately to each particular case, with that extreme cau¬ 
tion which has just been described; and in doing so, they 
were likely to remark many peculiarities, which more 
extensive views, and more expeditious nipthods of inves¬ 
tigation, might perhaps have induced them to overlook. 

u To rest satisfied, indeed, with too general results, 
and not to descend sufficiently into particular details, 
may be considered as a vice that naturally arises out of 
the excellence,of the modern analysis. The effect which 
this has had, in concealing from us the'class of proposi¬ 
tions %vc arc now considering! cannot be better illustrated 
than by the example of the porism discovered by Bosco¬ 
vich, in the manner related above. Though the pro¬ 
blem from which that porism is derived, was resolved by 
several mathematicians^ the first eminence, among whom 
also was sir Isaac Newton, yet the porism which, as it 
happens, is the most important case of jt, was not ob¬ 
served by any of them. This is the more remarkable, 
as Sir Isaac Newton takes notice of the two most simple 
cases, in which the problem obviously admits of inuu- 



POR 


P O R 


l 221 ] 


vncrable solutions, viz, when the lines given in position 
are either all parallel, or all meeting in a point, and the*, 
two hypotheses he therefore expressly excepts. Yet he 
did not remark, that there are other circumstances which 
may render the solution of the problem indeterminate as 
well as these; so that the porismatic case considered 
above, escaped his observation: and if it escaped the ob¬ 
servation of one who was accustomed to penetrate so far 
into matters infinitely more obscure, it was because he 
satisfied himself with a general construction, without pur¬ 
suing it into its particular cases. Had the solution been 
conducted after the manner of Euclid or Apollonius, the 
porism in quc>tion must infallibly have been discovered.” 

In the 44 Account of the Life and Writings of Rob. Sim- 
son, M. d." published in 1813, by the Rev. Dr. Wm.Trail, 
we find many learned observations on the subject ot po- 
risms. After a particular account of the labours of 
many authors on this subject, from Euclid and others 
among the ancients down to Pappus and Prod us, and the 
attempts at restoration by many of the moderns, but 
chiefly by l)r. Simson, Dr. Trail says, 

• 44 After a certain progress in the prosecution,of this 
subject, it became an important object to ascertain a just 
definition of the porism. The definition given by the 
later mathematicians, as stated by Pappus, but censured 
by him, 4 quod deficit hypothesi a theoremate locali/ 
clearly implies that a porism had an immediate reference 
to a locus; though it is not less clear that Pappus con¬ 
sidered loci as only one class of porisms, (a large one no 
doubt,) but that of course many porisms have no con¬ 
nexion whatever with loci. 

44 But the definition which Pappus quotes from the 
ancients (viz, that it is something proposed to be investi¬ 
gated), as more characteristic of porisms, is too general 
for any useful purpose; and though it does correspond 
to tilts nature of these propositions, yet it is deficient in 
discrimination, and of itself neither conveys any pre¬ 
cise notion of Euclid's porisms, nor gives assistance to 
the investigation of any individual proposition. 

44 After much consideration of various forms of a defi¬ 
nition which had occurred to him, the doctor finally 
settled the following : 4 A porism is a proposition in which 
it is proposed to demonstrate that some one or more 
things arc given, tp which, as also to every one of innu¬ 
merable other things, not indeed given, but having the 
same relation to those that are given, it is to be shown 
that there belongs some common affection described in 
the proposition/ 

44 The doctor illustrates the propriety and accuracy of 
this definition by many examples; and shows particularly 
wherein the definition blamed by Pappus coincides with 
his, and wherein it is deficient, by excluding many genuine 
porisms. The definition indeed, with much address, is so 
framed as to correspond with all the intimations of Pap¬ 
pus respecting porisms, and also with the character of the 
individual porisms of Euclid, which I)r. Simson had dis¬ 
covered; and therefore may justly be considered as ex¬ 
pressive of the notions on this subject entertained by the 
ancients. It is not* pretended that this was a definition 
of the ancients; for probably no precise definition was 
given by them, of either theorem, problem or porism. None 
•appears iq.thc works of the more early geometers, which 
are still preserved in a considerable degree of purity, and 
where such definitions would naturally have had a place. 
Amf we may aflirtn with much probability, that if any 


useful and characteristic definition of a porism had 
reached the times of Pappus, he would not have ne¬ 
glected so valuable a remnant of ancient mathematical 
science, in a work obviously designed for the preserva¬ 
tion of the more curious portions of it. * He does not 
omit a definition, which probably was only a traditional 
and pointed observation of sofnc ancient geometer, and 
though of no use in explaining the character of a porism, 
yet it in some degree fortified his objection to the defini¬ 
tion of the later mathematicians, who, he states, from 
inability, could not accomplish the investigation of po¬ 
risms; blit satisfied themselves with assuming the con¬ 
structions as they found them in Euclid, or other geo¬ 
meters, and adding the demonstrations. 

44 It is observed by Pappus, that a porism is neither a 
problem nor a theorem, but something of an intermediate 
nature; and that it might be proposed either as a pro¬ 
blem or as a theorem ; some geometers contending for 
the one, and some lor the other. Dr. Simson has given 
a form to the enunciation of a porism, implying this 
intermediate character between a problem and a theorem. 
In his enunciation it is affirmed that certain things may 
be found, which shall have the relations or properties 
therein described. Perhaps this form resembles more- 
that of a theorem, than of a problem ; but at the same 
time, the things, of which it is said that they may be 
found, must be actually investigated by analysis, as if the 
proposition were a problem. Were it simply proposed to 
investigate certain things which would have the proporo 
ties expressed in the porisin, it may be regarded as a pro¬ 
blem ; but if these things are found by a construction- 
described in the enunciation, the proposition becomes a 
theorem, affirming the truth of the properties asserted ; 
and then a demonstration only is required, without any 
investigation ; in the manner which appears to have been 
practised by the later mathematicians, alluded to by 
Pappus. 

44 I cannot omit adverting in this place to a very inge¬ 
nious theory of porisms proposed by Mr. professor Play¬ 
fair of Edinburgh, first briefly in his account of the life 
of Dr. Stewart, and afterwards more fully explained in a 
memoir on that subject in the 3d volume of the Trans¬ 
actions of the Royal Society of Edinburgh. The result 
of his investigation is, that a porism is the case of a pro¬ 
blem which becomes indeterminate ; or more particularly 
4 a porism is a proposition affirming the possibility of 
finding such conditions as will render a certain problem 
indeterminate, or capable of innumerable solutions/ But 
though I admire the ingenuity, and fully admit the sound¬ 
ness, of this definition, and also the utility of the prin¬ 
ciple on which it is founded, in the discovery of porisms, 
I must acknowledge my doubt of that particular potion 
of a porism having ever been adopted, or even proposed, 
among the ancient geometricians. The circumstance of 
its being so satisfactory as a definition, is to me a proof 
that it was never generally known or embraced : for’had 
it ever been approved and established, it seems scarce 
possible that it should afterwards have been neglected and 
lost. That, among the ancients, the consideration of the 
relations subsisting among the data, in some problems, 
might have occasionally suggested the particular case ill 
which thescproblcms would become indeterminate, is very 
probable. It might also have often occurred to them, that 
this indeterminate case involved an important general pro¬ 
position, which might be separately stated as such, and prci 
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$ci\c< 1. Many porisms of Euclid may possibly have been 
invented in that way; but still 1 entertain a doubt, if 
over the ancients were in possession of this notion as a 
principle, and as the proper ground of the definition of a 
porism. Pappus mentions the definition of the ancients, 
and apparently as the only one which they were known 
to possess, though, as has been remarked, it be of no 
particular use. lie mentions also a definition of the later 
mathematicians, which he censures as erroneous: but if 
such a complete and satisfactory definition, which not 
only accurately distinguishes that class of propositions, 
but points out an obvious source of the discovery of 
them, had ever been generally understood among the 
ancients, it is difficult to suppose that it could ever have 
been lost ; and had it reached the time of Pappus, it is 
njosl improbable that he should neglect the recording of 
it in his detailed account of Euclid's treatise on this sub¬ 
ject. With these strong internal probabilities, and the 
total want of external evidence, 1 must (with deference, 
however, to the opinion of those who may think differ¬ 
ently) adhere to the judgment which I have already ex¬ 
pressed, concerning the recent origin of this excel¬ 
lent definition, proposed by Mr. Playlair." 

On this subject, sec also several other places in Dr. 
Trail's works, particularly the note o, pa. 88. 

Porism was also used in another sense, by the ancient 
geometricians, and even down to near the l/ih century, 
to denote the same thing as the common corollary. 

PORISTIC Method , is that which determines when, 
and by what means, and how many different ways, a pro¬ 
blem may be resolved. 

POKTA (Jon n Baptista), called also in Italy Giovan 
Batista de la Porta, of Naples, flourished about the end 
of the 16 th ccutury, and was famous for his skill in phi¬ 
losophy, mathematics, medicine, natural history, &c, as 
well as for his indefatigable endeavours to improve and 
propagate the knowledge of those sciences. With this 
view, he not only established private schools for particular 
sciences, but to the utmost of his power promoted public 
academies. He had no small share in establishing the 
academy at Gli Ozi*»nj f at Naples, and had one in his 
own house, called de Secreti, into which none were ad¬ 
mitted members, but such as had made some new dis¬ 
coveries in nature. He invented the camera obscura, im¬ 
proved afterwards by Gravcsande,und formeJ the plan of 
an encyclopaidiu. He died at Pisa, in the kingdom of 
Naples, in the year l6l5. Porta gave the fullest proof 
of an extensive genius, and wrote a great many works ; 
the principal of which are as follow: 

1. llis Natural Magic ; a book abounding with curious 
experiments ; but containing nothing of magic, in the com¬ 
mon acceptation of the word, as he pretends to nothing 
above the power of nature. 

2. Elements of Curve Lines. 

3. A Treatise of Distillation. 

4. A Treatise of Arithmetic. 

5. Concerning Secret Letter-writing. 

6. Of Optical Refractions. 

7. A Treatise of Fortification. 

8. A Treatise of Physiognomy. 

Beside some Plays and other pieces of less note. 

PORTAIL, in Architecture, the face or frontispiece of 
a church, viewed on the side in which the great door is 
placed. It means also the great door or gate itself of a 
palace, castle, &c. 


PORTAL, in Architecture, a term used for a little 
square corner of a room, cut off from the rest of the room 
by the wainscot; frequent in the ancient buildings, but 
now disused. 

Portai. is sometimes also used for a littlegate, portella; 
where there arc two gates, a large and a small one. 

Portal is sometimes also used for a kind of arch of 
joiner’s work before a door. 

PORTCULLICE, called also Herse, and Sarrasin , in 
Fortification, an assemblage of several large pieces of wood 
laid or joined across one another, like a harrow, and each 
pointed at the bottom with iron.' These were formerly 
used to be hung over the gateways of fortified places, to be 
ready to let down in case of a surprise, when the enemy 
should come so quick, as not to allow- time to shut the 
gates. But thcorgucs arc now mote generally used, being 
found to answer the purpose better. 

PORT-Fire, in Gunnery, a paper tube, about 10 inches 
long, filled with a composition of meal-powder, sulphur, 
and nitre, rammed moderately hard; used to fire guns , 
and mortars, instead of a match. 

PORTICO, in Architecture, is a kind of gallery, raised 
upon arches, under which people walk for shelter. 

POSITION, or Site, or Situation, in Physics, is an af¬ 
fection of plate, expressing the manner of a body's being 
in it. 

Position, in Architecture, denotes the situation of a 
building, with respect to the points of the horizon. The 
best it is thought is when the four sides point directly to 
the four winds, or cardinal points. 

Position, -in Astronomy, relates to the sphere. The 
position of the sphere is cither right, parallel, or oblique; 
whence arise the inequality of days, the difference of sea¬ 
sons, &c. 

Circles qf Position, are circles passing through the 
common intersections of the horizon and meridian, and 
through any degree of the ecliptic, or the centre of any 
star, or other point in the heavens; used for finding out 
the position »»r situation of any star. These arc usually 
counted six innumbcr,cutting theequatorinto twelve equal 
parts, which the astrologers call the celestial houses. 

Position, in Arithmetic, called also False Position, or 
Supposition, or Rule-of-Fnlse, is a rule so called, because 
it consists in calculating by false numbers, supposed or 
taken at rdndom, according to the process described in 
any question or problem proposed, as if they were the 
true numbers, and tlien from the results, compared with 
that given in the question, the true numbers arc found. 
It is sometimes also called Trial-and-Error, because it 
proceeds by trials of false numbers, and thence finds out 
the true ones by a comparison of the errors.—-Position is 
cither single or double. 

Single Position is when only one supposition is em¬ 
ployed in the calculation. And Double Position is that 
in which two suppositions are employed.—To the rule of 
position properly belong such questions as cannot be re¬ 
solved from a direct process by any of the’ other usual 
rules in arithmetic, and in which the required numbers,do 
not ascend above the first power : such, for example, as 
most of the questions usually brought to exercise the re¬ 
duction of simple equations in algebra. But it will not 
bring'out true answers when the numbers sought ascend 
above the first power; for then the results are not pro¬ 
portional to the positions, or supposed numbers, as in the 
single rule; nor yet the errors to the difference of the true 
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number and caeli position, as in the double rule. Yet in 
all such cases, it is a very good approximation, and in ex¬ 
ponential equations, as well as tn many other things, it 
succeeds better than perhaps any other method whatever. 

Those questions, in which the results are proportional 
to their suppositions, belong to single position: such are 
those w hich require the multiplication or division of the 
number sought by'any number; or in which it is to be 
increased or diminished by itself any number of times, or 
by any part or parts of it. But those in which the results 
are not proportional to their positions, belong to the double 
rule: such are those, in which the numbers sought, or 
their multiples or parts, are increased or diminished by 
some given absolute number, which is no known part ot 
the number sought. 

In Single Position. Suppose, or assume any num¬ 
ber at pleasure, for the number sought, and proceed with 
it as if it were the true number, that is, perform the same 
operations with it as, in the question, arc described to be 
performed with the number sought: then if the result of 
those operations be the same with that mentioned or given 
in the question, the supposed number is the same ns the 
true one that w as required ; but if it be not, make this pro¬ 
portion, viz,- as the result is to that in the question, so is 
the supposed false number, to the true one required. 

Example. Suppose that a person, after spending } and 
£ of his money, has yet remaining 60/.; what sum had he 
at first ? 

Suppose he had at first 120/. 


Now | of 120 is 

40 

and l of it is 

30 

their sum is 

70 

which taken from 

120 

leaves remaining 

50, instead of 6 0. 


Therefore as 50: 60:: 120 : 144 the sum at first. 


Proof. of 144 is 
| of it is 
their sum 
taken from 
leaves just 


48 

36 

84 

144 

60 as per quest. 


To work by the Double Rule of Position. 

In this rule, make two different suppositions, or assump¬ 
tions, and work or perform the operations with each, de¬ 
scribed in the question, exactly as in the single rule: and 
if neither of the supposed numbers solve the question, that 
is, produce a result agreeing with that in the question ; 
then observe the errors, or how much each of the false re¬ 
sults differs from the true one, and also whether they are 
too great or too little; marking them with -+• wlu-n too 
great, and with — when too little. Next multiply, cross¬ 
wise, each position by the error of the other; and if the 
errors be of the same affection, that is both H-,or both —, 
subtract the one product from the other, as also the one 
error from the otlivr, and divide the former of these two 
remainders by the latter, for the answer, or number 
sought. But if the errors be unlike, that is, the one -*•, 
and the other —, add the two products together, and also 
the two errors together, and divide the former sum by the 
latter, for the answer. 

Rule 2. Multiply the difference of the two assumed 
numbers by one of the errors, and divide the product by 
the difference of the results, the quotient will be the cor¬ 
rection of the assumed number belonging to that error: 
Then add this quotient or correction to the said assumed 
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number when it is too small, but subtract it when too 
great, to give the answer. 

This rule of position, or trial-and-error, is a good gene¬ 
ral way of approximating to the roots of the higher equa¬ 
tions, to which it may be applied even before the equa¬ 
tion is reduced to a final or simple state, by which it often 
saves much trouble in such reductions. It is also emi¬ 
nently useful in resol' ing exponential equations, and equa¬ 
tions involving arcs, or sines, &c, or logarithms, and in 
short in any equations that are very intricate ami difficult. 
And even in the extraction of the higher roots of common 
numbers, it may be very usefully applied. For examples, 
and the demonstration of the rules, see the 1st vol. of my 
Course of Mathematics. 

The rule of position passed from the Moors into Europe, 
by Spain and Italy, along with their algebra, or method 
of equations, which was probably derived from the former. 

Position, in Geometry, respects the situation, bear¬ 
ing, or direction of one thing, with regard to another. 
And Euclid says, “ Points, lines, and angles, which have 
and keep always one and the same place aud situation, 
are said to be given by position or situation.” Data, 
def. 4. 

POSITIVE Quantities, in Algebra, such as arc of a real, 
affirmative, or additive nature ; and which either have, or 
are supposed to have, the affirmative or positive sign 
before them; as a or a, or be, &c. It is used in con¬ 
tradistinction from negative quantities, which are defective 
or subductive ones, and marked by the sign — ; as — a, 
or — ub. 

Positive Electricity. In the Franklinian system, all 
bodies supposed to contain more than their natural quan¬ 
tity of electric matter, are said to be positively electrified ; 
and those which have less than that quantity, are said to 
be electrified negatively. These two electricities being at 
first produced, the oncTrom glass, the other lrom amber 
or rosin, the former was called vitreous, the other resinous 

electricity. * 

POSTERN, or Sally-port, in Fortification, a small gate, 
usually made in the angle of the flank of a bastion, or in 
that of the curtain, or near the orillon, descending into 
the ditch ; by which the garrison can march in and out, 
unperceived by. the enemy, either to relieve the works, or 
to make private sallies, &c.— It means ulso any private or 
back door. 

POST1CUM, in Architecture, the postern gate, or 
back-door of any fabric. 

POSTULATE, a demand, petition, or an assertion of 
so obvious a nature, as to need in ilher demonstration nor 
explication, to vender it either more plain or certain. This 
definition will nearly agree also to an axiom, which is a 
self-evident theorem, as a postulate is a self-evident pro- 
blem.—Euclid lays down these three postulates in his Ele¬ 
ments ; viz, 1st, that from one point to another a line can 
be drawn. 2d, That a right line can be produced out at 
at pleasure. 3d, That with any centre and radius a circle 
may be described.—As to axioms, he has a great number ; 
as. That two things which are equal to one and the same 
thing, are equal to each other, &c. 

POTASH, in chemistry, one of the three fixed alkalies, 
procured from the burnt ashes of vegetables, by com¬ 
bustion in iron or other pots; whence the compound 

pot-ash. *- 

POTASSIUM, a recently discovered and \ery singular 
metal, obtained by peculiar management, from pot-ash. 
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uliicli HI iDuikm chemistry can only be regarded as its datum or biquadrate, sursolid, cube squared, second sur- 

, solidf qiiadrato-quadrato-quadratum, cube of the cube, 

POUND, a certain weight; which is of two kinds, vizf | square of the sursolid, third sursolid, and so on, according 
the pound troy, and the pound avoirdupois; the former to the products of the indices. 


consisting of 12 ounces troy, and the latter of 16 ounces 
avoirdupois. The pound tre.y is to the pound avoirdupois 
as 5760 to (>99.9!, or nearly 570 to 700. 

Poi’N r> also is an imaginary money used in accounting, 
in several countries. Thus, in England there is the pound 
sterling, containing in value 20 shillings; in France,the 
pound or livre Tournois and Parisis; in Holland and 
Flanders, a pound or livre de gros, &c.—The term arose 
from hence, that the ancient pound sterling, though it 
only contained 240 pence, as ours does; yet each penny 
being equal to five of ours, the pound of silver weighed a 
pound troy. , 

POUNDER, in Artillery, a term used to express a cer¬ 
tain weight of shot or ball, or how many pounds weight 
the proper ball is for any cannon: as a 24 pounder, a 12 
pounder, &c. 

POWDER, Gun. See Gunpowder. 

Pow de \\-Triers. See Eprou vette. 

POWER, in Mechanics, denotes some force which, 
being applied to a machine, tends to produce motion ; 
whether it does actually produce it or not. In the for¬ 
mer case, it is called a moving power; in the latter, a 
sustaining power. 

Power is also used in Mechanics, for any of the six 
simple machines, viz, the lever, the balance, the screw, 
the wheel and axle, the wedge, and the pulley. 

Power of a Glass , in Optics, is used for the distance 
botween the convexity and the solar focus. * 

Power, in Arithmetic, the produce of a number, or 
other quantity, arising by multiplying it by itself, any 
number of times. Any number is called the first or single 
power of itself. If it be multiplied one? by itself, the pro¬ 
duct is the second power, or square; if this be multiplied 
. by the first power again, the product is the third power, 
or cube; if this be multiplied by the first power again, 
the product is the fourth power, or biquadratic ; and so 
on ; the power being always denominated from the number 
which exceeds the multiplications.by one or unity, which 
irtimber is called the index or exponent of the power, and 
is usually set at the uppef corner towards the right of the 
given quantity or root, to denote or express the power. 
Thus, 3 or 3“ = 3 is the 1st power of 3, 

3 x 3 or 3* = 9 the 2d power of 3, 

3* x 3 or 3 y = 27 is the 3d power of 3, 

3 3 x 3 or 3 4 = 81 is the 4th power of 3, 

&c. &c. 

Hence, to raise a quantity to a given power, is the same 
as to find the product arising from its being multiplied by 
itself a certain number of times ; for example to raise 2 
to the 3d power, fc the same thing as to find the factum, 
or product 8 = 2 x 2 x 2. .The operation of raising 
powers, is called Involution. 

Powers, of the same degree, are to one another in the 
ratio of the roots as manifold as their common exponent 
contains units : thus, squares arc in a duplicate ratio of 
the roots; cubes in a triplicate ratio; 4th powers in a qua¬ 
druplicate ratio.—And the powers of proportional quan¬ 
tities are also proportional 1 6 one another: so, if a:b::c :d, 
then, in any powers also, a n : 5° : : c n : d n . 

The particular names of the several powers, as intro¬ 
duced by the Arabians, were, square, cube, quadr&toqua- 


And the names given by Diophantus, who is followed 
by Vieta and Oughtred, are, the side or root, square, cube, 
quadrato-quadrntum, quadrato-cubus, cubo-cnbus, qua- 
drato-quadrato-cubus, quadrato-cubo-eubus, cubo-cubo- 
cubus, &c, according to the sums of the indices. 

But the moderns, after Harriot and Descartes, arc con¬ 
tented to distinguish most of the powers by the exponents; 
as 1st, 2d, 3d, 4th, &c. 

The characters by which the several powers are denoted, 
both in the Arabic and Cartesian notation, are fhus: 

Arab. 1 R (] c bq $ qc lis t(] be f 

Cart. a° a 1 a 1 a 3 a' a 5 rr 6 . a 7 a* a 9 

1 2 4 8 16 32 64’ 128 256 512 

Hence, 1st. The powers of any quantity, foim a series 
of geometrical proportionals, and their exponents a series 
of arithmetical proportionals, in such sort that the addition 
of the latter answers to the multiplication of the former, 
and the subtraction of the latter answers to die division of 
the former, &c; or in short, that the latter, or exponents, 
are as the logarithms of the former, or powers. 

Thus, a* x a' = a% and 2 -+■ 3 = 5 ; . 

4 x S = 32; • . . 

also a'.-r -a* = a' 1 , and 5 — 3=2; 

32-r-8=4. 

2d. The 0 Power of any quantity, as a", is = 1. 

3d. Powers of the same quantity are multiplied, by add- 


ing their exponents: 

Mult. a*. 

Thus, 
x 3 y m 

x m 

« 3 

by 

n 4 

X 4 

y m 

a. n 

ft" 

Prod. 

a 7 

x° 

y- 

X*n + n 

n J +" 


4th. Powers are divided by subtracting their cx'pondiHs* 


Div. 
by 

Quot. 


a 

a 3 


7 -s 






a m + n fi 3 + 

••HI 


a* x 1 y m x* a° 

5th. Powers arc also considered ns negative ones, or 
haying negative exponents, when they denote a divisor, or 

the denominator of a fraction* So —, = a 3 , and —p = 

a . 

2 a and = o®x“ 4 , &c. And hence any quantity may 

be changed from the denominator to tho numerator, or 
from a divisor to a multiplier, or vice versa, by changing 
the sign of its exponent; and the whol? series of powers 
proceeds indefinitely both ways from 1 or the 0 power, po¬ 
sitive on the one hand, and negative on the other. Thus, 


dcca- 4 *!- 3 *!- 3 **” 4 a° a ‘ 


a 1 a 3 a* Sec, 


.111 1 

or, See -v -3 • —r . — 1 

a * <r a* a 


a a 


a* a 4 &c. 


Powers arc also denoted with fractional exponents, or 
even with surd or irrational ones;- anti then the numera¬ 
tor denotes the power raised to, and the denominator the 
exponi nt of some root to be extracted : Thus, 

and vA* 1 = and y/a* = a 7 , &c. These are 
sometimes called imperfect powers, or surds. 

Wheu the quantity to be raised to any power is positive, 
all its powers must be positive. And when the radical 
quantity is negative, yet all its even powers must be posi¬ 
tive : because — x — gives ■+■ ; the odd powers only be¬ 
ing negative, or when their exponents are odd numbers: 
Thus, the powers of — a, , 
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are 


h 1, — a, ■+■ a 9 , — a 3 , ■+■ a*, — a 5 , -+- « . &c. 
where the even powers a ", «° are positive, 

and the odd powers a, a*, a 5 are negative. 

Hence, if a power have a negative sign, no even root of it 
can be assigned ; since no quantity multiplied by itself an 
even number of times, can give a negative product. Thus 
y/ —a 1 , or the square or 2d root of—a 1 ,cannot be assigned ; 
and is called an impossible root.oran imaginary quantity. 
Every power has as many roots, real and imaginary, as 
there are units in the exponent. 

M. Lahirc gives a very odd property common to all 
powers. M. Carre had observed with regard to the num¬ 
ber 6, that all the natural cubic numbers, 8, 27, 6+, 125, 
having their roots less than 6, being divided by 6, the re¬ 
mainder of the division is the root itself; and if we go far¬ 
ther, 216 ', the cube of 6, being divided by 6, leaves no re¬ 
mainder; but the divisor 6 is itself the root. Again, 313, 
the cube of 7, being divided by 6, leaves 1 ; which added 
to the divisor 6, makes the root 7, &c. M. Labi re, on 
considering this, has found that all numbers, raised to any 
power whatever, have divisors, which have the same effect 
with regard to them, that 6 has with regard to cubic num¬ 
bers. For finding these divisors, he discovered the follow¬ 
ing general rule, viz, If the exponent of the power of a 
number be even, i. e. if the number be raised to the 2d, 
tlh, 6th, &c, power, it must be divided by 2 ; the remain¬ 
der of the division, when there is any, added to 2, or to a 
multiple of 2, gives the root of this number, corresponding 
to its power, i. c. the 2d, 4th, 6th, &.-C root. 

llut if the exponent of the power be an uneven number, 
i. e. if the number be raised to the 3d, 5th, 7th, &c power; 
the double of this exponent will be the divisor, which has 
the property abovementioned. Thus is it found in 6, the 
double of 3, the exponent of the power of the cubes: so 
also 10, the double of 5, is the divisor of all 5th powers; &c. 

If r be a prime number, and n any number not divisible 
by r, then n r , being divided by r, will leave the same re¬ 
mainder, as n when divided by the same number: and 

lienee it follows that is always an integer; and since 

• f . I 

n is prime to r, therefore -—— is always an integer when 


r is a prime number and n prime to r. This is a very im¬ 
portant theorem in the theory of numbers, the invention 
of which is due to Fermat, though the demonstration of it 
was first given by Euler in the Petersburg Memoirs. 

By means of this theorem we readily deduce the follow¬ 
ing table of the forms of powers, with regard to certain 
numbers taken as moduli. Thus all 


2nd powers are of the form 
3d powers 


4th powers - - - - 

5th powers - - - 

6ill powers - - - 

8th powers - - 

9th powers - -. - - 

JOth powers - - - - 

I 1 th power* - - - 

•12th powers - -- - - 

And generally if m 1 is a prime number, then x m is of 
one o*f the forms (m -+- l}n or (m l)n I. And if 
■2m + 1 be a prime, then x m is of one of the three forms 
(m l)n or (m <)« ±And since neither 7 1 

nor 2 7 -+- 1 is a prime, therefore 7th powers cannot be 
VOL. II. 


Sn or 
7n or 
5n or 
1 in or 
13n or 
17n- or 
19” or 
1 In or 
23n or 
13n or 


5n ± 
7 n ± 

5 n 

1 in -+- 
13n ± 
17 n ± 
19 ” ± 
1 in ± 
23n ± 
13n -+- 
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reduced to the laws observed in the foregoing table, for 
which reason this power is there omitted. 

Any power of the natural numbers 1,2, 3, 4, 5, 6, &c, 
as the nth pow er, has as many orders of differences as there 
arc units in the common exponent of all the numbers; 
and the last of those differences is a constant quantity, and 

equal to the continual product lx 2 * 3 x+x- 

-- x w, continued till the last factor, or the number of fac¬ 
tors, be n, the exponent of the powers. Thus, 
the 1st powers, 1 , 2,3,4,5 , &c, have but one order 
of differences l 1 1 l &c, and that difference is I. 

The 2d pwrs. 1 ,4,9 , l6,25, &c, have two orders of 
differences 3579 

2 2 2 

and the last of these is 2 = 1 x 2. 

The 3d pwrs. 1 , 8,27,64,125 , &c, have three orders 
of differences 7 19 37 6l 

12- 18 2+ 

6 6 

and the last of these is 6 z= 1 x 2 x 3. 

In like manner, the 4th or last differences of the 4t!i 
powers, arc each 24 =1 x 2 x 3x4; and the 5th or 
last differences of the 5th powers, are each 120 = 1x2 
x 3 x 4 x 5. And so on. Which property was first 
noticed by Pelctarius. 

And the saipc is true of the powers of any other arith¬ 
metical progression 1,1 -+-</, 1 ■+• 2 d, 1 -+- 3d, &cc, 
viz, 1, (l -v a)“, (1 -+- 2 d) a , (1 3 d) n , &cc, 

the number of the orders of differences being still the same 
exponent n, and the last of those orders each equal to 

l * 2 x 3. x nd a , the same product of factors 

as before, multiplied by the same power of the common 
difference d of the scries of roots : as was shown by Briggs. 

And hence arises a very easy and general way of raising 
the powers of all the natural numbers, viz, by common 
addition only, beginning at the last differences, and add¬ 
ing them all continually, one after another, up to the 
powers themselves. Thus, to generate the scries of 
cubcs > or 3(1 powers, adding always (>, the common 3d dit- 
fcrence gives the 2d differences 12, IS, 24, &c ; and these 
added to the 1st of the 1st differences 7, gives the rest of 
the said 1st differences ; and these again added to the 1st 
cube 1, gives the rest of the series of cubes, 8, 27,64, &c, 
as below. 


3dD. 


6 

6 


2dD. 

IstD. 

i 

• ' 7 

Cubes. 

1 

12 

19 

8 

18 

37 

27 

24 

6i . 

64 

30 

91 

125 

216 

&c. 


Commensurable in Power, is said of quantities which, 
though not commensurable themselves, have thcirsqunics, 
or somo'other power of them, commensurable. Euclid 
confines it to squares. Thus, the diagonal and side of a 
square are commensurable in power, their squares being 
as 2 to 1, or commensurable; though they are not com¬ 
mensurable themselves, being ns y/ 2 to 1. 

Power of an Hyperbola , is the square of the 4th part 
of the conjugate axis. 

PRACTICAL Arithmetic, Geometry, Mathematics, 

2 G 
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iVc, is the part that regards the practice, or application, 
as distinguished from the theoretical part. 

PRACTICE, in Arithmetic, is a rule which expeditious¬ 
ly and compendiously answers questions in the golden 
rule, or rule-of-three, especially when the first term is 1. 
See rules for this purpose in all the books of practical 
arithmetic. 

PRECESSION of the Equinoxc$ y is a very slow motion 
of them, by which they change their place, going from east 
to west, or backward, in mucccdcntin , as astronomers call 
.it, or contrary to the order of the signs. From the late 
improvements in astronomy it appears, that the pole, the 
solstices, the equinoxes, and all the other points of the 
ecliptic, have a retrograde motion, and are constantly 
moving from cast to west, or from Aries towards Pisces, 
&c; by means of which, the equinoctial points are carried 
farther and farther back, among the preceding signs or 
stars, at the rate of about 50"-}- each year; which retro¬ 
grade motion is called the Precession, Recession, or Retro¬ 
cession of the Equinoxes. 

Hence, as the st irs remain nearly immoveable, and the 
equinoxes go backward, the stars will seem to move more 
and more eastward with respect to them; for which rea¬ 
son the longitudes of all the stars, being reckoned from the 
first point ol Aries, or the vernal equinox, arc continually 
increasing. From this cause it is, that the constellations 
seem all to have changed the places assigned to them by 
the ancient astronomers. In the time of 1 lipparehus, and 
the oldest astronomers, the equinoctial points were fixed 
to the first stars of Aries and Libra: but the signs do not 
now answer to the same points; and the stars which were 
then in conjunction with the sun when he was in the equi¬ 
nox, arc now a whole sign, or 30 degrees, to the eastward 
of it: so # the first star of Aries is now in the portion of 
the ecliptic, called Taurus; and the stars of Taurus are 
now in Gemini; and those of Gemini in Cancer; and 
so on. 

This seeming change of place in the stars was first ob¬ 
served by Hipparchus of Rhodes, who, 128 years before 
Christ, found that the longitudes of the stars in hi? time 
were greater than they had been before observed by Tiroo- 
charcs, and than they were in the sphere of Eudoxus, who 
wrote 380 years before Christ, Ptolemy also perceived 
the gradual change in the longitudes of the stars; but he 
stated the quantity at too little, making it but 1°. in 100 
years, which is at the rate of only 36" per year. Y-hnng, 
a Chinese, in the year 721» stated the quantity of this 
change at 1° in 83 years, which is at the rate of 43" f per 
year. Other more modern astronomers have made this 
precession still more, but with some small differences from 
each other; and it is now usually taken at 50"^ per year. 
All these rates arc deduced from a comparison of the lon¬ 
gitude of certain stars as observed by more ancient astro¬ 
nomers, with the later observations of the same stars; viz, 
by subtracting the former from the latter, aud dividing the 
remainder by the number of years in the interval between 
the dates of the observations. Thus, by a medium of a 
great number of comparisons, the quantity of the annual 
change hca been fixed at 50"*f. 
r Thus, by taking the longitudes of the principal stars 
established by Tycho Brah6, in his book /\stronomiae In- 
stauratxe Progymnasmata, pa. 208 and 232, for the begin¬ 
ning of 1386, and comparing them with the same as de¬ 
termined for the year 1750, by M.Lacaillc, for that in¬ 


terval of 164 years, there will be obtained the following 
differences of longitude of several stars ; viz, 

_ “ « _ m ## 


y Arietis 

- 

2° 

17' 

37" 

Aldebaran 

- 

2 

17 

45 

[l Geminorum. -• 

- 

2 

17 

1 

/3 Gerainoruin 

- 

2 

15 

26 

Rcgulus - - 

- 

o 

A* 

16 ’ 

32 

a Virginis - 

- 

2 

18 

18 

a Aquila? 

- 

2 

19 

1 

a Pcgasi 

- 

.2 

16 

12 

(3 Libra* .- 

- 

o 

17 

52 

An tares ™ 

- 

o 

16 

28 

e Tauri 

- 

2 

17 

58 

y Geminorum 

- 

2 

18 

38 

y Cancri 

- 

2 

19 

12 

y Looms 

- 

2 

19 

38 

y Cnpricorm 

- 

2 

16 

10 

Medium of these 15 stars 

- 

2 

17 

35 

which divided by 164, the interval of years, 

gives 50"'336 f 


or nearly 50"j, or after the rate of 1 ° 23' 53"4 in 100 
years. Ami nearly the same conclusion results from the 
longitudes of the stars in the Britannic Catalogue, com¬ 
pared with those of the still later cutaloguc. See Lalandc's 
Astronomy, in several places. 

Mr. Mayer, in the construction of his tables, assumed 
the precession of the equinoxes, or tho annual motions 
of the fixed stars in longitude, to be exactly 50 "'3, with¬ 
out paying any regard to the alteration of the place of the 
equinox arising from the translation of the plane of the 
ecliptic by the action of the planets. I)r. Bradley, by 
comparing his own observations of declinations of stars, 
lying on both sides of the equinoctial colurc, with the like 
observations of Tycho Brahe, found the precession of the 
equinoxes in longitude, to be exactly 1° in 71-r years, or 
at the rate of 50"'35 in a year, which is evidently what 
arises from the motion of the plane of the equator alone, 
being that which is occasioned by the actions of the sun 
and moon on the spheroidal figure of the earth. But the 
equinoctial point is also altered, though in a fur less de¬ 
gree, by the continual motion of the plane of the ecliptic, 
owing to the action of the planets, and goes forward Q" - 15 
in a year, from that causc,sulong the ecliptic, which will 
diminish the precession of the equinoxes, on tho apparent 
annual motions of the fixed stnrs, lying near the plane of 
the ecliptic, in longitude as much, and so reduce them 
from 50"-35 to $0"“20 or 50"-$.. Sec Naut. Ephemcr. for 
1 797, the preface. 

Taking therefore 5"0"4 for the true mean annual pre¬ 
cession oP the equinoxes, at this rate it will require 
25,8164 years for the equinoxes to make their revolution 
westward quite around the circle, and return to the same 
point again. 

The ancients, and even some of the moderns, have taken 
the equinoxes to be immoveable; and ascribed that change 
in the distance of the stars from it, to a real motion of the 
orb of the fixed slurs, which they.supposed had a slow re¬ 
volution about the poles of the ecliptic ; so os that all the 
stars perform their circuits in the ecliptic, or its parallels, 
in the space of 25,791 years ; after which they should all 
return ugain to their former places. 

This period the ancients called the Platonic, or great 
year; and imagined that at its completion every thing 
would begin as at first, and oil things come round in the 
same.order as they hove done before. 
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The phenomena of this retrograde motion of the equi¬ 
noxes, or intersections of the equinoctial with the ecliptic, 
and consequently of the conical motion of the earth’s axis, 
by which the pole of the equator describes a small circle 
in the same period of time, may be understood and illus¬ 
trated by a scheme, as follows: Let nzsvl be the earth, 
son a its axis produced to the starry heavens, and ter¬ 
minating in a, the present north pole of the heavens, 
which is vertical to N, the north pole of the earth. Let 
eoq be the equator, tssz the tropic of cancer, and vrl 
the tropic of Capricorn ; voz the ecliptic, and do its axis, 
both of which are immoveable among the stars. But as 
the equinoctial points recede in the ecliptic, the earth’s 
axis son is in motion upon the earth’s centre o, in such 
a manner as to describe the double cone Non and sos, 



round the axis of the ecliptic bo, in the time that the 
equinoctial points move round the ecliptic, which is 25,791 
years ; and in* that length of lime, the north pole of the 
earth’s axis, produced, describes the circle abcda in the 
starry heavens, round the pole of the ecliptic, which keeps 
immoveable in the centre of that circle. The earth’s axis 
being now 23° 28' inclined to the axis of the ecliptic, the 
circle abcda, described by the north pole of tile earth’9 
axis produced to a, is 46° 56' in diameter, or double the 
inclination of the earth’s axis. In consequence of this, 
the point a, which is at present the north pole of the 
heavens, and near to a star of the 2 d mugnitude in the end 
of the Little Bear’s tail, must be deserted by the earth's 
axis; which moving backwards 1 degree every 71 f years 
nearly, will be directed towards the star or point b in 
6447 *. years hence ; and in double of that time, or 12,8955 
' years, it will be directed towards the star or point c; which 
will then be the north pole of tlie heavens, though it is at 
present 84 degrees south of the zenith of London l. The 
present position of the equator tog will then be changed 
into eoq, the tropic of cancerTssz into vtss, and the tropic 
of capricorn vrJcf into l\ jfz; as U evident by the figure. 
And the sun, in the same part of the heavens where he is 
now ove* the earthly tropic of capricorn, and makes the 
shortest days and longest nights in the northern hemisphere, 
will then be over the eurthly tropic of cancer, and make 
the days longest and nights shortest. So that it will re¬ 
quire 12,8954 years yet more, or from that time, to bring 
the north pole n quite round,. so as to be directed toward 
that point of the heavens which is vertical to it at present. 
And then, and not till then, the same stars which ut pre¬ 
sent describe the equator, tropics, and polar circles, &c, 
by the earth’s diurnal motion, will describe them over 

°From this movement of the cquinoetial points, and with 


them all the signs of the ecliptic, it follows, that those 
stars which in the infancy of astronomy were in Aries, are 
now found in Taurus; those of Taurus in Gemini, cVc. 
Hence likewise it is, that the stars which rose or set at 
any particular season of the year, in the times of flesiod, 
Eudoxus, Virgil, Pliny, &c, by no means answer at this 
time to their descriptions. 

As to the physical cause of the precession of the equi¬ 
noxes, sir Isaac Newton demonstrates, that it arises from 
the broad or flat spheroidal figure of the earth ; which 
itself arises from the earth’s rotation about its axis: for as 
more matter has thus been accumulated all round the equa¬ 
torial parts, than any where else on the earth, the sun and 
moon, when on either side of the equator, by attracting 
this redundant matter, bring the equator sooner under 
them, in every return towards it, than if there were no 
such accumulation. 

Sir Isaac Newton, in determining the quantity of tin 
annual precession from the theory of gravity, on supposi¬ 
tion that the equatorial diameter of the earth is to the 
polar diameter, as 230 to 229, finds the sun's action suf¬ 
ficient to produce a precession of only; and collecting 
from the tides the proportion between the sun's force and 
the moon’s to be as 1 to 4T, he settles the mean precession 
resulting from their joint actions, at 30"; which, it must 
be owned, is nearly the same as it has since been found 
by the List observations; and yet several other mathema¬ 
ticians have since objected to the truth of Newton's com¬ 
putation. 

Indeed, to determine the quantity of the precession arising 
from the action of the sun, is a problem that has been 
much agitated among modern mathematicians; and though 
they seem to agree as to Newton's mistake in the solution 
of it, they have yet generally disagreed from one another. 
Dalcmbert, in 1749, printed a treatise on this subject, and 
claims the honour of having been the first who rightly de¬ 
termined the method of resolving problems of this kind. 
The subject has been also considered by Euler, Frisi, Sil- 
vabcllc, Walmcslcy, Simpson, Emerson, Laplace, La¬ 
grange, Landen, Milner, and Vince. 

M. Silvabclle, stating th - e ratio of the earth's axis to be 
that of 178 to 177, makes ^ 

the annual precession caused by .the sun 13" 32"', 
and that of the moon - - 34 17 ; 

making the ratio of the lunar force to the solar, to be that 
of 3 to 2 ; also the nutation of the earth's axis caused by 
the moon, during the time of a semirevolution of the pole 
of the moon's orbit, i.e. in 9j years, lie makes 17'' 51 m . 
—Walmeslcy, on the supposition that the ratio of the 
earth's diameters is that of 230 to 229, and the obliquity 
of the ecliptic to the equator 23* 28' 30", make's the an¬ 
nual precession, owing to the sun's force, equal to 10 f, '583; 
but supposing the ratio of the diameters to be that of 178 
to 177 , that precession will be IS"'6*75.—-Mr. Simpson, 
by a different method of calculation, determines the whole 
annual precession of the equinoxes caused by'the sun, at 
21 " 6'"; and he has pointed out the errors of the compu¬ 
tations proposed by Silvabellc and Wulmesley.—-Mr. Mil¬ 
ner's deduction agrees with that of Mr. Sjinpson, us well 
as Mr. Vince's ; and their papers contain besides several 
curious particularsr-telative to this subject. But for tho 
various principles and reasonings of these mathematicians, 
see Philos. Trans, vol. 48, pa. 383 ; vol. 49, pa. 704 ; 
vol. 69, pa. 505; and vol. 77, pa. 363; as also the writings 
of Simpson, Emerson, Landen, &c ; also Lalandc's A$tro- 
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noinic, and tlic Memoirs of the Acad. Sci. in several 
places. 

As to the effect of the planets on the equinoctial points, 
Laplace, in his new researches on this article, finds that 
their action causes those points to advance by 0"-201G in 
a year, along the equator, or 0"‘1S49 along the ecliptic ; 
whence it follows that the quantity of the luni-solar pre¬ 
cession must be 50"'4349, since the total observed pre¬ 
cession is 50"|, or 50"'25. 

To find the Precession in right ascension and declination. 

Put d = the declination of a star, 

and a = its right ascension; 

then their annual variations of precessions will be nearly 
as follow : 

viz, 20"'084 x cos. a = the annual prcccs. in declinat. 
and 46" 06ip -h 20"*084 x sin. a x tang, d = that of 
right ascension. Sec the Connoissance des Temps for 
1792, pa. 206, Arc. 

PRESS, in Mechanics, is a machine made of iron or 
wood, serving to compress or squeeze any body very close, 
by means of screws. 'I he common presses consist of six 
members, or pieces; viz, two fiat and smooth planks ; be¬ 
tween which the things to be pressed arc laid ; two screws, 
or worms, fastened to the lower plank, and passing through 
two holes in the upper; and two nuts, serving to drive 
the upper plank, which is moveable, against the lower, 
the latter being stable, and without motion. 

PRIiSSION. See Pressure. 

PRESSURE, is properly the action of a body which 
makes a continual cflort or endeavour to move another ; 
such as the action of a heavy body supported by a hori¬ 
zontal table ; in contradistinction from percussion, or a 
momentary force or action. Pressure equally respects 
both bodies, that which presses, and that which is pressed ; 
from the mutual equality of action and reaction. 

Pressure, in the Cartesian philosophy, is an impulsive 
kind of motion, or rather an endeavour to move, impressed 
on a fluid medium, and propagated through it. In such 
n pressure the Cartesians suppose the action of light to 
consist. And in the vurious modifications of this pressure, 
by the surfaces of bodies, on which that medium presses, 
they suppose the various colours to consist, Ac. Hut 
Newton shows, that if light'eonsisted only in a pressure, 
propagated without actual motion, it could not agitate and 
warm such bodies as reflect and refract it, as wc actually 
find it does; and if it consisted in.an instantaneous motion, 
or one propagated to all distances in an instant, us such 
pressure supposes, there would be required an infinite 
force to produce that motion every moment, in every 
lucid particle. Further, if light consisted cither in pres¬ 
sure, or in motion propagated in a fluid medium, whether 
instantaneously, or in time, it must follow, that it would 
inflect itself nd umbram;’ for pressure, or motion, in a 
fluid medium, cannot be propagated in right lines, be¬ 
yond any obstacle which shall hinder any part of the mo¬ 
tion ; but will inflect and diffuse itself, every way, into 
those parts of the quiescent medium whifch lie beyond the 
.said obstacle. Thus the force of gravity tends downward ; 
but the pressure which arises from that force of'gravity, 
tends every way with an equable force; and, with equal 
case and force, is propagated in crool^pd lines, as in straight 
ones. Waves on the surjuce of water, while they slide by 
the sides of ony large obstacle, do inflect, dilate, and dif¬ 
fuse themselves gradually into the quiescent water lying 
beyond the obstacle. The waves, pulses, or vibrations 


of the air, in which sounds consist, do manifestly inflect 
themselves, though not so much as the waves of water; 
for the sound of a bell, or of a cannon, can be heard over 
a hill, which intercepts the sonorous object from our sight; 
and sounds are propagated as easily through crooked tubes, 
as through straight ones. But light is never observed to 
go in curved lines, nor to inflect itself ad umbram; for 
the fixed stars do immediately disappear on the interpo¬ 
sition of any of the planets; as well as some parts of the 
sun's body, by the interposition of the moon, or Venus, 
or Mercury. 

Pressure of Ait\ Water, fyc. See Air, Water, Ac. 

The effects anciently ascribed to the fuga vacui, are now 
accounted for from the weight and pressure of the nir. 

The pressure of the air on the surface of the earth, is 
balanced by a column of water of the same base, and 
about 34 feet high ; or of one of mercury of near 30 
inches high ; and upon every square inch nt the earth’s 
surface, that pressure amounts to about 14 j pounds avoir¬ 
dupois. The elasticity of the air is equal to that pressure, 
and by means of that pressure, or elasticity, the air would 
rush into a vacuum with a velocity of about 1370 feet per 
second. At different heights above the earth’s surface 
the pressure of the air is as its density and elasticity, and 
each decreases in such Sort, that as the heights above the 
surface increase in arithmetical progression, the pressure 
Ac decreases in geometrical progression : and hence if the 
axis BC of a logarithmic curve ad be 
erected perpendicular to the horizon, 
and if the ordinate as denote the pres¬ 
sure, or elasticity, or density of the air, 
at the earth’s surface, then will any 
other absciss 

EF | denote the pressure Ac at j ' 
the altitude \ 

The pressure of water, as this fluid 
is every-where of the same density, is 
as its depth at any place, and in all di¬ 
rections the same ; and upon a square 
foot of surface, every foot in height 
presses with the force of n weight of 1000 ounces or 
62{lbs. nvoirdupois. And hence, if ab be the depth ol 
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water in any vessel, and be denote its pressure at the 
depth b; by joining AEand drawing any'oilier ordinates 
fg, 111 ; then will these ordinates ro, hi, Ac, denote the 
pressure at the corresponding depths ao, a i, Ac ; also the 
area of the triangle abe will denote thd whole pressure 
against the whole upright side ab and which therefore is 
but hiylf the pressure on the bottom of the same area as 
the side. Moreover, if a hole were opened in the bottom 
or side of the vessel at b, the water, from the pressure of 
the superincumbent fluid, would issue out with the velo¬ 
city of 8 v /a b feet per second nearly; ab being estimated 
in feet. 1 • 

Pressure qf Earth against Walls, Ifc. This is a circum¬ 
stance of considerable importance, on many occasions, as 
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in embankments, in fortifications, in docks, in piers, &ec. 
Tbe practice is to have the counterparts equal to, or rather 
to exceed the pressure, in order to secure stability. For 
determining this equality, several different principles have 
been employed, approaching more or less to perfect accu- 
racy, as may be seen in ray Course of Mathematics, vol.2, 
pa. 196, and vol. 3, pa. 256 ; where a popular and mecha¬ 
nical theory is delivered, for pretty compact or firm earth, 
different from former ones, and accompanied with several 
practical examples, which may be usefully consulted on 
any real occasion. Below is also inserted another new 
theory, for the pressure or push of semifluid and cohesive 
earth, communicated by a learned friend, Dr. Young, Fo¬ 
reign Seer, to the Royal Society. 

An Essay on the Pressure 0 /semifluid and cohesive Substances. 

The resistance opposed by friction, or adhesion, to the 
relative motion of any two given solid or semifluid sub¬ 
stances, is nearly proportional to the force urging the sur¬ 
faces into contact. Since, however, this force must neces¬ 
sarily be augmented by the force of direct cohesion, which 
is proportional to the extent of the surfaces in contact, it 
follows, that a portion of the resistance to lateral motion, 
must also, in cohesive substances, be proportional to the 
magnitude of the surfaces concerned, and independent of 
thc°direct pressure. The proportion of the variable re¬ 
sistance, to the force on which it depends, is that of the 
height to the horizontal extent of an inclined plane, on 
which the Surfaces would begin to slide on each other, it 
this resistance only were concerned, or if the force or 
weight were very great, and the extent of the surface very 
small : and the angle formed by such a plane, with the 
horizon, is called the angle of repose of the substance. 
The mutual cohesion of two substances, may be estimated 
from the thickness of a coat of one of the substances, 
which would be supported by it in contact w ith a vertical 
surface of the other; and both these properties may he 
practically determined, with respect to any internal sur¬ 
faces or sections of a given substance, by raising a portion 
of it, terminated by a horizontal and u vertical surface, 
until the angle breaks off, observing both the depth and the 
breadth of the portion thus separating. 

A. It is first required to determine the angle of fracture 
for a semifluid and cohesive substance, terminated by a 
horizontal and a vertical surface, and supported only by a 
horizontal force. 

We have here a wedge of the given substance, tending 
to slide down an inclined plane, and to ovcrcomeat once 
the horizontal pressure, and the resistances in the direction 
of the plane derived from the cohesion, and from the Iric- 
tion produced by the sum of the other forces; and we 
arc to determine the breadth x of that wedge, in which this 
tendency will be the greatest, its depth being a. 

Now the weight of the wedge being expressed by {ax, 
its immediate tendency todescend along the inclined plane 

will be 4 ax. — 7 ^ -which will be opposed by the liori- 

zontal force/, acting in a contrary direction, and reduced 

tn j- * and by the resistance derived from three 

J J(aa + xx) .... , . 

sources : the first from the cohesion, which is expressed by 
64/(00 -*■ xx), b being the thickness supported by the la¬ 
teral adhesion of a vertical surface; the second and third 

from the two pressures, represented by {tax 
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repose, the resistance being to the direct or perpendicular 
pressure as / to 1 . Hence, for the state of. equilibrium, 

wc Lave the equation lax . — : --» =/• 


bx/faa jx ) 


(ax. 


•y(oa 

X 


xx) 


v/ <ia -t- J r) 


'/• 


V\o<i 

a 




and 


\arx =. fx + b(a 7 x 
\nar — aab — bxr — 


) 


all 


*/(aa + xx) 
at/; whence/ = 


This force must be a maximum 


X + at 

in the section affording the greatest pressure, and it^ fluxion 
must vanish ; whence wc have (Jo* — *2bx — a/r).(x at) 
= .*a 1 x — a-b — bx l — \atx '; (b {at) x 5 -+- (2 abt -+- 
aV)x = a z b -+- |a 3 < ; x 5 2 atx = a\ x = 4 / (a 3 -*■ 

a V : ) — at ; and if b = 0 ,/ = «* [4 P — t 4 / (1 ■+■ t )]. 
Hence it appears that, as Mr. Prony ha* already ob¬ 
served, the angle formed by the surface thus determined, 
with the vertical surface, is half the complement of the 
angle of repose, since 4/(1 -+- *') — * * s the tangent ot 
half the angle of which the cotangent is t, as is easily 
shown by a trigonometrical calculation; and that this 
angle is independent of the magnitude of the cohesive re¬ 
sistance, and determined only by the iriotion ; at the same 
time, if the friction vanishes, and the cohesion alone re¬ 
mains, we have x = a, the angle being 45°. 

B. The portion of a semifluid and cohesive substance, 
of which the surfaces are horizontal and vertical, affording 
the greatest lateral pressure, is terminated by a plane. 

For if we conceive the substance to be divided by a se¬ 
cond vertical surface, parallel to the first, the angular si¬ 
tuation of the upper part of the oblique termination, cut 
off by this surface, will obviously be correctly determined, 
if considered as a plane, according to the principles already 
laid down ; and if any curved surface would afford 11 
greater lateral pressure than a plane, the direction of the 
lower part of the oblique termination, considered also as 
a plane, would require to be different from that of the up¬ 
per, and this difference might be exhibited by supposing its 
horizontal extent to be varied, thut of the upper portion 
remaining the same. But in fact, the determination of the 
direction for this part, thus considered, will be precisely 
the same as for the upper part ; since the proportion of the 
resistance to the pressure remains the same, and the hori¬ 
zontal force acts on the lower part of the oblique surface 
with the same increased intensity as the weight, the one 
depending on the other; so that the relations of all the 
forces concerned in the determination remain unaltered. 

C. To determine what portion of a soft and adhesive 
substance^having a horizontal and a vertical surface, will 

stand alone. - . 

Put / = 0, then }a*x - a'b - bxx - \atxx = 0; and 
if t is given, let 4/(1 +- 0) - t be r, and x = ra, then 


V r <> 1 _1 r V6 — irW = 0 , and {ra — b - 

-f *irr/» 2/' 1 n* _ 

ir'at = 0 , and a = f _ — 


1 - Tt 


r>b - 
and 


1 

l — *ar * 9 but if wc observe a and r, wc find t = 


aa — 11 
2 ox 


and b = 


act* — ofxx 


and tf. 


v/(oo + xx) 


- where t is the tangent oftthc angle of 


When t vanishes, r becomes equal 

• 2 aa 2 xx 

to a, and b = \a : if i = 1, b as '1036a, if / = 4 , b = 

D. When the surface of n soft, or semifluid and cohe¬ 
sive substance, is inclined to the horizon, the portion af¬ 
fording the greatest horizontal pressure is generally ter¬ 
minated by n curve. . . . ' 

Wc may suppose the substance to be divided into ver- 
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tical strata; and the* mean depth of any stratum being 
called y, and the difference of the depths of its two sur¬ 
faces c, "<• must inquire what must be its thickness t, in 
order to afford the greatest horizontal thrust. The weight 
of the stratum will then he represented by yi ; and if the 
tangent of the elevation of the exposed surface, ascending 
from its angular end, be u, the length of the oblique ter¬ 
mination of the stratum will be v/( x ’ *+• ( c ur ) *) = s: 
we have then, for the state of equilibrium, the equation 


y* 



+ A: + lyx . X - if . —-,and/= 


r vx 


cy r 4- »/yir — • l-zz — ti/xr 
x 4- ft 4- lux 

nix 4- uyrr — far — Ire — Qfovix — bituxx — tyrx . 

---:—: then putting 

the fluxion of/“= O, x only being variable, we obtain 
(cy 4- 2mj/x — 2 bx — 26cm — 2 bu 2 x — 2/yx) . (x 4- 
ct -4- lux) = (1 4- /«) . (<yr 4- f/yx a — 6x'“ — 6c 1 — 

26cux — /m : x l — lyx 2 ) ; (2wy — 26 — 26m 2 — 2 ty)x . 
(1 4- /m)j 4- (2 uy — 26 — 26m 1 — 2(y)x . ct 4 - (cy — 
26cm) . (1 4 - /m) 1 4- (9 - 26cm) .ct = (1 4 - /m) . (uy — 
6 — 6m j — ty)x* 4- (1 4- tu) * (cy — 26cm) x — 

'let 

(1 4- tu ) • 6 c a ; and x a 4--. x = 


1 4- tu 


(*lUu — cy) , ft — (I 4 - tu) . Ice 
(uy — b — £titi — /y) . ( 1 4- tu) f 
/f tl bln — iy — b 

V V 


whence — 
c 


is found = 
t 




(l -4- /«)’ (l<y — b — buu — fy) . (t -4- /uj 7 1 -4- /u 

Having thus obtained the angular direction of the termina¬ 
tion of the vertical stratum, which affords the greatest lateral 
thrust when the height isy, we may proceed to find what 
must he the magnitude of y for different strata, in order 
that they may all possess this property, and that the whole 
horizontal force may consequently be the greatest possible. 

• XX . 

For this purpose we must substitute — for- 7 -, x being 

now considered as the whole horizontal thickness, and y 
the whole vcrlicul ordinate or depth, as before. Hcncc 

- * = --(v/(< .... _ /. _ _ ... ) - 0 = 


t + 


w 


w 


l 4- tu " v ' uy - b — buu — ty 

- fv— b - bit - r'y __ _ y 


tu ' v uy — — buu — ty 

b 4- btl 4- ( f 4- 
6 4- twu 


- 0 = 


1 4- tu 


TTt'^zrt ~ Cull ‘v / ( & y), 

. v 1 — h — Itm Qror . 

then y — - : --—, y = ;—»nd — 

2 V *U 0 ft f .. » • » • » " •» ^ 


— \H b 
-w v v 


(i + tii).(t 

y _ 

1 + tu ~~ (I + tu) 


y - TZTZ 

(/ 4 - f ) v 9 — 6 — /l/!i 
I — u 


X = 


p — 


^7 ( T=T) *♦* *““) *(<-“) 


(t - 4 - f 3 ): (/ — u) . v* — 


i + tu 


and if we call 


a <v 


tu).(i-u) 


(.1 + d > t wc havc - ^ _ 

v'Cd 1 + »») « 

/ — u ^ v ' 1 + /M 

But it is well known that the fluent of + x*) i is 

4x v /(« a x*) ■+• |a x . hi (x -b v '(« 1 -t- x*)), and by 

comparison with this fluent, wc obtain the equation e — x = 

* (TTf) V'-j-— ( v^[d l + ® 4 ) d*itL(» -+- 

y hc.- When, however, t — u 


face is greater than could exist without the cohesion, the 
fluent assumes a different form, and wc must make d 1 = 

(u — t). + ti) + o + buu . . — a v 

--- ; then - x = 

0 

iy But it is known that the 


S(d % - O - 


u — t • ' ' 1 + tu 

fluent of v/(o a — x a )x is ^x^/^d 1 — x l ) 


arc sine 


- ; hence e - x becomes = e - (1 - + (4iJ ; (u ~ 

- o 1 ) + arc sine \) - j-^* 

E. When the variable resistance vanishes, the curve'be¬ 
comes a parabola. 


For if I = 0, - or —. becomes = */ 

c -y v 


b 


whence x 


x = 0 , y = a 


= 7. ^ 


, and c = ^ \/(6* 

Abb 

UU 


- v / (^* — 6 mm)) 1 = 


b *f £nu — fiy 1 

6 3 u 2 — 6 m^) ; but when 
b'uu — 6mm), (x 4- 


12 

4- 46*-y = x ; 4- — 

U UU 


tb '- 


4 x 


fi 


-t- ■+* — 6<iu), and y = a — 


✓(1 


UU — —u)x — 


4fc 


In order to determine the 


whole horizontal force, we must find its fluxion by sub¬ 
stituting x fori, and — y for c, in the equation for f, which 


yy 

becomes — yy 4 - uyi — bx — 6 -— 4 - 26i^ ; 6 m 2 x; and 


since — y = ^/(l 4- mm — - m)x 4 - we obtain 

the fluent = — -iy a 4 -mmx — 5 v'C 1 *♦* uu 

u 9 

x 5 — 6 x — bx — 6 m 2 x 4- mux — 


- = U)x- 


UU 

Mb 


Mb 




(1 ♦ tu) 

+ »’» - 

is negative, that is, when the elevation of the inclined sur- zontal extent x of a prismatic section affording the gredt* 


1 + tu 


^ (1 -h uu — " u) x* - 4 - — &u*x = g -h (2au — 26 

— 2 6 u 4 )x — Uv/(1 -4- u 1 — J u) x 1 — ^ X 3 -h 2buy — 

Jy 4 , which must vanish when x = 0, and y = a, or g - 4 - 
26 au — ia 1 = 0, and g = ia* — 26«u. When y = 0, 

x - 4 - e = ^- v'C 1 ■+• «*)» and x = v'U + — ^7 

% 

v/(l h- a 4 — j u), and the whole force is -Ju 4 — 2 bau -h 

t # » 

(2nu — 2b - 2bu*) x — u^(l -h «* — ^u) x* — ^x*. 

Here it must be observed, that when j uis equal to or 

greater than 1 - 4 - u 9 , the problem becomes impossible, the 

value of * becoming first infinite, and then imaginary. We 

may take for an example the case u ~rT°. and a = 10b, 
then x = 2a (v/101 — *1) = 1*8 la, and the whole force 
is ia* — -02a« - 4 - (*2a — 2a — *002a)x — ‘Olx* - 

~~ — *345a 8 . If u =; 1, and a = 26, x = and 

ooa 

the force — a* — */2 a 4 — which, being ne¬ 

gative, implies that there can be no separation. In order 
tb show how little the force thus determined differs from 
that which is afforded by a section terminated by a plane 
surface, even where the variable resistance is supposed to 
be absent, we may calculate, for the depth of «, the hori- 

1 , . - -- If —a a _ 
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est pressure, the equation of the forces will then be 
— bz —f. —, and/ = ■£ a 1 ■+• \aux — — = 


ax 


W 


a + i/x 


1<1UX 


- br 


If the wall, instead of being vertical, be inclined to¬ 
wards the bank, which is a condition highly favourable to 
its stability, the oblique direction of the thrust must also 
be taken into consideration, in computing its magnitude. 
Let u be now the tangent of the deviation of the wall from 
laa the vertical direction, the surface of the earth being ho- 

fluxion vanishes, ±au — b — — bu 2 = 0 , consequent- , j 20 nta), and letx be, as above, the whole horizontal ex- 

ou . , JZ , , . tent of the portion affording the greatest thrust, the force 

— .77. ,wh,c * 1,w lCI1 “ — T7Tanda “ 10> ’ /being perpendicular to the wall. Wo shall then have 

for the weight, £a(x — au), acting in the direction of 

the oblique surface z with the force 4a (x — au )z> ant * 


— - <2bau — bus, and when its 

X 

la a 


f aa 

'y « = 


u 


sA A 

becomes *51, and x = 1'4 a, whence / is found '337a', 
which is not nn«-fortieih part less than the more correct re¬ 
sult of the former calculation. When the cohesion va¬ 
nishes, and the variable resistance alone remains, the 
maximum of force seems in all cases to be aflorded by a 
plane surface, whether the resistance is horizontal or not. 

F. It remains to be determined, what is the propor¬ 
tion of the forces, when the pressure, instead of being ho¬ 
rizontal, is supposed to be oblique, as will be the case 
when the suilace of o wall is opposed to the thrust of 
earth, and exhibits a lateral adhesion or friction, as well 
as a direct resistance. 

\Vc have here two new forces to he considered, the 
one constant, representing the adhesion of the wall, the 
other depending on/the horizontal pressure, both tend¬ 
ing directly to lessen the weight, if we consider the sur¬ 
face of the wall as vertical. We may still call the hori¬ 
zontal extent of the prismatic portion x, disregarding the 
slight inaccuracy of supposing the oblique surface a plane ; 
an°d u being, as above, the tangent of the elevation of the 
exposed surface, the friction of the wall being, for the 
sake of simplicity, considered as equal to the internal 
friction of the materials, which it can never exceed, and 
of which it will seldom fall short, we have the equation 

(i<zx — ab — tf) a -^- r - bz — t(4«x — ab — ‘/) ~~ 

a +ux J . . ( \aT-al-).(a + -lx(\ax-al ) , 

l f x — on “/— , (o + ux ) _ Ux + *(a + us) + x 
and when its fluxion vanishes, (-Jo 1 aux — abu — 2 ox 
— 2 abu — 2bu I x - alx mb) . (2/ (fl+ui)-Pr + x) = 
( 2 l).[(i«*-" ft ) •(« “ bx* - b (a ux) ) 

_ i tax' tubx), or [(au - 2 b- 2bu'- ai)x ■+■ W — 

3 aba + alb ] . [(2 (M - ? + D* + ««] = ( 2 ‘“ ” ? 1 '>' 
r ('au - b - bu x - iat)x* (±au - abu - 2abu 

- ‘-,1 . s 2alr 

all)i — 2 u b] ; whence x‘ -+- 

2 at — 3 nl-u + nib) 

• all 


causing a resistance — at/)-. In order to reduce 

the force / lo the same direction, we must find the sine 
and cosine of the angle contained by the oblique surface 


z and the wall, which are 


x — au 


= z Vi * 1 


\A» + 

(a - au) 1 . _ 


iiU 


*, and \/(l 


(x — auV 


Z J r+- U* Z 




a -4- u x 
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whence wc 


anl1 ^ h zy ao<1 fric,ion 

of the wall,//, being reduced inasiinilar manner, gives// 

and — ft 1 — r . whence we have 


ux 


ini I 


z^/(\ uu) x v/0 

the equation ja(x — au) - — » at (x — au ) 7 

a -4- ux 
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iv/(l *4- uu) 
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fi 


ux 
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Utl 
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4 ft■ 


Zy/ (I -r- UU) 

r — au 
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or « 1 (x - au) = atx (x - an) + 2/ 


(a -4- ux) 
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uu) 

(x — an) 


; consequently 


a^/(i 

call * 
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(2 — a/£) • (x — au) -t- 41{U -4- ux 


j : this wc may 


• and when its fluxion vanishes, (c -4- 2 dx) . 


** -T- g 

g ) = eb ccx -4- (lex 1 = cex 2 dex 1 -4- eg 

.X 
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= 'x' - 


or -+- 


= 2d 


ItU — <! + I 

__ and x may be found 

( 2 tu — U ») . (au — iO — 1 buu — at) 

by completing the square. 

* But for practical use on a large scale, wc may neglect 
the cohesive resistance without impropriety, its value 
being generally variable, from the effects of moisture and 
agitation, so that it would be unsafe to place any depend¬ 
ence on it, even if it were much larger than commonly 
l,app« ns: we rnay therefore make b =* 0, and x* 

40,1 = 2a’—-r-Irr-r-r, and x -f 


Zuu - it + J (««-« + i) 

lot __ , n ,( 

■in, - a +"i — ± (*»“ “ « + »>’ 

a . .0/+ at* 


(' - 


u) 
2t 




(itu— tl+ 1 ).(t—u) 
-s/ ' 1 ' ^ — ; whence/may be readily deter- 

a — (i — u)x 


nu — it + 

mined, being equal to i<w. >Ja| + 9(ux _ ^ + x 


2d g x, x‘ -j- t - f,andx = ^(i - « + 

- Here 4 = - a*«, c = a -+- atu, d — - t, j = 

* < , 

au I — _ f _ nu. e = 2 — 2f’ 4tu, and g — 4at 

T* J ‘ 

— (2 - 2 «) . 

G. It will now be easy to find the dimensions of a wall, 

capable of withstanding the thrust of a given bank of 
earth, without being overturned or carried away horizon¬ 
tally, provided that we know the elevation at w hich the 
surface of the earth is capable of supporting itself. 

It is obvious that the whole pressure, like that of fluids, 
must be proportional to the square of the depth a, ne¬ 
glecting the effect of adhesion; and consequently that the 
centre of pressure must be at one-third of the height, tie 
may consider the specific gravity of the wall as equal to 
that of the earth, which will in general allow us some 
excess of stability for the security of the work : then if 
the wall be vertical, and its thickness bey, the force being 
referred to the outside of the base of the wall us the ful¬ 
crum of a lever, wc must have, in order that it may not be 
• ► Qft * 

overturned, i«f= W + 4°^' and * + = 1^= 

J-) —f- . And in the same manner, if we sup¬ 
pose the section of the wall to be triangular, its outer 
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surface being sloped off, wo have J nf — if: izz , and 

•% /** / * *2/i 

z = x /(5/ -r- (——) — —, z being the thickness at 

the bottom. When the wall is inclined towards the bank, 
in an angle of which the tangent is //, / being the force 
perpendicular to it, and y the horizontal thickness of the 
wall, the force/ will act on a lever of which the length is 

and the friction if will act 


4^/(1 uu ) - 
at the distance 


uy 


✓(« 

V 


uu) 


•/ (1 + Uuf 
whence \<tfy/{ I 


and the weight at {y •+- {at/, 
fuy ftu 


\/(l + fill) 

Inrf 4-aVy, and y* (■ —-——— n/<)y = 

T J * * V <?v/(l -t- uu) ** 

\f>/( 1 -+- t/n) ; consequently y = y/[\fy/(Y + 
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Uf/) 
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ft -fu 


>0'] - 


/' - fu 


\au. 


a*S(\ 4- fin) a*/(\ + uu) 

If the wall he not securely fixed at its foundations, for 
example when the earth is dug away beyond it, it limy be 
liable to slide away laterally more easily than to be over¬ 
turned. Supposing it simply to rest on materials similar 
to those which constitute the bank, we may calculate the 
-thickness sufficient to produce a resistance equivalent to 
the thrust; thus if the wall is vertical, x we must have 

/ = t {ay 4- /), and ay = j — / ; but when the wall 

is inclined, the force/takes from the weight the portion 

/ ---,.and the friction adds to it only ft — 

the horizontal thrust being /—-; whence 

b J ✓(! 4- till) 


UU) 


f 
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— = «(»y - /— 
(r + « - 0- 


ti 


uu) 




\/(l 4- uu) 


and ay 


✓(I + UH ) 

H. In the case of driving a pile, the pressure of the soft 
materials is modified by the inversion of the direction of the 
friction of.thc vertical surface, which now acts in conjunc¬ 
tion with the weight of the materials, so that — ab — {f 
becomes { ax 4- ab 4- tf or, if b = 0, simply \ ar 4- (f; and/= 
na — nix . . , 

which is greatest when x is least, and 


x 

i 


It 4- 1 


becomes ultimately , and the resistance tf will be 

t 

, which is a maximum when «-+-! = 2 1, or 


la' 


u + 1 


t = i, being then ^ a ?; nnd in this case the resistance 
derived from the friction, on the whole of the lateral sur- 
faces of a square pile, would be equal to the weight of the 
earth which would press on one of the surfaces, if it were 
buried ut the depth to which its lower end has penetrated. 
There would however be other resistances from the tena¬ 
city preventing the ready separation of the earth before 
the pile, which would perhaps considerably exceed tho 
friction thus determined. 

I. Such of"the results of these calculations, as arc most 
likely to he of practical utility, may be conveniently ex¬ 
hibited in the form of a table: but it must be remem¬ 
bered, in its application, that some Additional strength 
ought always to be given to the works concerned, in order 




to insure their stability, anil that occasional agitation will 
very much diminish the resistance of almost all kinds of 
materials; to hay nothing of the precauti6n necessary to 
obviate the effects of the penetration of water ; whicli will 
not only act by its own hydrostatic pressure, but also 
weaken the adhesion of the earth employed, unless a suf¬ 
ficient number of apertures can be provided for allowing 
it to escape. 

Table of the Thrust of Earth against an upright Wall. 
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Table of the Thrust of Earth against a Wall inclined towards 
the Bank in an Angle of 11° 18', of which the Tangent is 
2; the Surface being horizontal . 
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An instance has occurred on a large scale, where the 
wall of a dock has given way horizontally, when its mean 
thickness was about # 230, the ground having been dug 
away beyond its foundation: it was of brick, and some¬ 
what curved, being vertical at the top, while the incli¬ 
nation of the chord* or the mean inclination, was 11° J 8', 
as is supposed in the second table. Hence it appears that 
the friction must have been somewhat less than •* of the 
weight, and that the materials would have stood at an an¬ 
gle of about 25°: to have overturned this wall, the ma¬ 
terials must have exhibited a friction of about one-third 
of the weight, and have been incapable of standing at a 
greater inclination thun about 20°. 

In general, it will be unquestionably proper to calcu¬ 
late on a friction not exceeding i of the weight, and to make 
the thickness of a wall, if vertical, at least T \y or perhaps -J 
of its height,and if inclined in an angle of 10°or 12°,about j-, 
taking care to secure the foundation from sliding, to which 
an inclined wall will otherwise be liable if its thickness 
be less than though a vertical wall would be safe in 
this respect if its thickness were sufficient to secure it 
Jrom being overturned. The disposal of a part of the ma¬ 
terials of the wall in the form of counter forts, or buttresses, 
will add to the strength in either case, especially with 
respect to the danger of overturning: the curvature, 
which is a considerable convenience in thecasc of a dock, 
tends in aslight degree to lessen the stability with respect 
to sliding,' and makes it still more necessary to attend to 
the security of the foundation. On the other hand, when 
we have an opportunity of ascertaining, by a simple ex¬ 
periment, the utmost fluidity that can be communicated 
by accidental moisture to a chglky or gravelly soil, these 
calculations may often justify us in saving very great 
expense, by proportioning the strength of the works to the 
object required to be attained by them. 

Centre of Pressure, in Hydrostatics, is that point of 
any plane, to which, if the total pressure were applied, its 
effect upon the plane would be the same as when it was 
distributed unequally over the whole; or it is that point 
in which the whole pressure may be conceived to be uni¬ 
ted ; or it is that point to which, if a force were applied 
equal to the total pressure, but with an opposite direction, 
it would exactly balance, or restrain the effect of the pres¬ 
sure, ho that the body pressed on wonld not incline io cither 
side. Thus, if a BCD (2d fig. above) bfc a vessel of water, 
and the side bc be pressed upon with a force equivalent 
to 20 pounds of water, this force is unequally distributed 
over bc, for the parts near B are less pressed than those 
VoL. II. 


near c, which arc at a greater depth; and therefore th<* 
efforts of all the particular pressures are united in some 
point E, which is nearer to c than to n ; and that point e 
is called the centre of pressure: and if to that point a 
force equivalent to 20 pounds weight be applied, it will 
affect the plane bc in the same manner as by the pressure 
of the water distributed unequally over the whole ; and if 
to the same point the same force bc applied in a contrary 
direction to that of the pressure of the water, the force 
and the pressure will balance each other, and by opposite 
endeavours destroy each other's effects. Supposing a cord 
EFG fixed at e, and passing over the pulley f, has a weight 
of 20 pounds annexed to it, and that the part of the cord 
fe is perpendicular to bc; then the effort,of the weight 
G is equal, and its direction contrary, to that of the pres¬ 
sure of the water. Now if e bo the centre of pressure, 
these two powers will be in cquilibrio, and mutually de¬ 
stroy each other's effects. 

This point e, or the centre of pressure, is the same 
with the centre of percussion of the plane bc, the point of 
suspension being b, the surface of the water. And if the 
plane be oblique, the case is still the same, taking for the 
axis of suspension, the intersection of that plane and the 
surface of the fluid, both produced if necessary. Sec 
Cotes's Lectures, pa. 40, &c.—The centre of pressure upon 
a plane parallel to the horizon, or upon any plane where 
the pressure is uniform, is the same as the centre of gra¬ 
vity of that plane. For the pressure acts upon every part 
in the same manner as gravity does. 

PRESTET (John), a priest of the Oratory, was born 
at Chalons-sur-Sannc, in 1058. lie went to Paris early 
in life, where, having finished his studies, he was entertain¬ 
ed by lather Malbranche, who taught him mathematics, 
in which his young pupil made so rapid a progress, that 
at 17 years of age he published the first edition of his Ele¬ 
ment des Mathcmatiqucs.„ In the same year he entered 
the congregation of the Oratory, and taught mathematics 
with much reputation, particularly at Angers-and at 
Nantes. But he died in 1()90, at 32 years of age.~-Hi» 
Elemons, above noticed, contain many curious problems J 
the betft edition is that of 1689, in 2 vols. 4to. 

PRICE (Richard), d. d. and v. r. s. was born in 
Glamorganshire in 1723, and died in 179L about 6S years 
of age. He received his education in a private academy, 
after which he became minister to a congregation utNewing- 
ton,in Middlesex ; whence lie removed to that of Hackney. 
He was also lecturer of the meeting-house in the OldJcwry, 
in London. In # 17(>4 he became p. r. s. and n. d. by a di* 
ploma from a Scotch university. At the time of the Ame¬ 
rican war he made himself conspicuous by his zeal in the 
cause of liberty, which he also displayed on several other 
occasions: and for the publication of his Observations on 
Liberty and Civil Government, he had the thanks of the 
city of London. Among many other learned accomplish¬ 
ments, Dr. Price was no mean mathematician, which en¬ 
abled him to treat with peculiar precision, the calculations 
relating to political arithmetic, population, annuities, &c. 
It is-even said that he had the honour of suggesting to the 
late prime minister, Mr. Pitt, the measure of the present 
sinking fund, to extinguish the national debt, by the allot¬ 
ment of an annual million to accumulate at compound 
interest. Dr. Price's principal works arc: 1. Four Dis¬ 
sertations on Providence and Prayer; on the Importance 
of Christianity, &c. 2. A Review of. the principal Ques¬ 
tions and Difficulties in Morals. 3. Observations on Re* 
versionary Payments, Annuities, &c, 2 vols. 8vo. 4 . Di«* 
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cussion of the Doctrines of Materialism and Necessity, in 
a correspondence with Dr. Priestley. 5. Essay on the Po¬ 
pulation of England and Wales. 6. A volume of Sermons. 

PRIESTLEY (Josr.rn), l l. n. and f. r. s. was born 
on March 13, 1733, at Field-head, in the parish of Bir- 
stall, in the west-riding of Yorkshire. Mis lather was con¬ 
cerned in the cloth manufacture, and intended his son Jo¬ 
seph also for trade, but was induced to change his mind 
by the youth's early attachment to reading and literary 
pursuits. After a pretty extensive course of classical stu¬ 
dies, at 19 years of age he entered, as a divinity student, 
the academy of Davcntry, under Dr. Ashworth, as succes¬ 
sor of that kept by Dr. Doddridge at Northampton, lie 
then officiated for some years as a minister at different 
places: and in 1761 joined the academy of Warrington, 
as a lecturer in belles lettres; where his Uiographical and 
Historical Charts appeared, as also his writings on sub¬ 
jects of history, general politics, &c : and here, in 1767, 
was published his History of Electricity. In 1770, Dr. 
Priestley accepted the situation of domestic librarian to 
the carl of Shelburne, or rather his literary and philoso¬ 
phical companion, in the hours that could be devoted to 
such pursuits. His “ History and Present State of Disco¬ 
veries relating to Vision, Light, and Colours,” in 2 vols. 
4to, appeared in 1772; which maybe considered as a 2d 
part of a general history of the philosophical sciences; and 
which indeed proved the last, as the encouragement of 
this work fell far short of that of the-History of Electri¬ 
city. In 1775 came out his “ Examination of Dr. Reid 
on the Human Mind ; Dr. Beattie on the Nature and Im¬ 
mutability of Truth; and Dr. Oswald’s Appeal to Com¬ 
mon Sense." In 1777, “ Disquisitions relating to Matter 
and Spirit” And soon after, his correspondence with Dr. 
Price, relative to the same points. In several volumes of 
the Philos. Trans., as well as in separate publications of his 
own, arc seen liis numerous papers on discoveries relating 
to aeriform fluids, and other chemical subjects; besides 
many others on theology. 

Dr. Priestley's engagement with lord Shelburne having 
ceased in 1780, he accepted the oflice of pastor to a con¬ 
gregation at Birmingham; whence soon after issued some 
of the most important of his theological works; from 
which arose several controversies on such topics, with Dr. 
Horsley and other learned men. Dr. Priestley remained 
at Birmingham till 1791 > when his house and library were 
burnt, with many others, in a populur commotion in that 
place, • After some little time an invitation to succeed Dr. 
Price,in a congregation at Ilackncy, gave him a tempo¬ 
rary residence; till, in 1794, he sailed for North America, 
where he settled at ,thc town of Northumberland, in the 
state of Pennsylvania, for the remainder of bis life; and 
where he died the 9th of February 1804, at nearly 71 
years of age. 

The following has been given as a true chnracter of Dr. 
Priestley.—“ I beg you will insert the following faithful 
portrait of a man whose character has been grossly mis¬ 
represented by interested enemies, and misconceived by a 
deluded public.—lie was a patient, indefatigable, acute, 
and judicious experimental philosopher; a candid, bold, 
and unguarded disputant in theology; a sincere and zea¬ 
lous Christian, a serious and rational preacher of the prac¬ 
tical morality of religion—but without the least pretension 
to, or affectation of, oratorical ornaments. His mind em¬ 
braced the whole extent of the knowledge and litcraturo 
in his closet: hut in the affairs of the world, he was a plain, 
uninformed, unaccomplished, honest man. What lie be¬ 


lieved to be true he thought it his duty to propagate, with¬ 
out any regard to his own interest or the prejudices of 
mankind ; but being overpowered by calumny and oppres¬ 
sion, he was compelled to seek a residence among strangers, 
and leave Lis principles and character to the impartial 
judgment of posterity." 

PRIMARY Planets, arc those which revolve round the 
sun as a centre. Such arc the planets Mercury, Venus, 
Terra, (the Earth,) Mars, Vesta, Juno, Pallas, Ceres, Jupi¬ 
ter, Saturn, and Hcrschcl, &c. They are thus called, in 
contradistinction from the secondary planets, or satellites, 
which revolve about their respective primaries. See 
Planet. 

Primp, and Ultimate Ratios, a method invented by 
sir Isaac Newton, at once to avoid the tediousness of the 
ancients and the inaccuracy of the moderns. The founda¬ 
tion of this methoif is contained in the first Icinma of the? 
first book of the Principia.—This lemma may be thus ex¬ 
plained. Let there be two quantities, one fixed and the 
other varying, so related to each other, that, 1st, the vary¬ 
ing quantity continually approaches to the fixed quantity ; 
2 d, that the varying quantity never reuchcs or can pass 
beyond the fixed one; 3dly, that the varying quantity ap¬ 
proaches nearer to the fixed one than by any assigned dif¬ 
ference ; then is such a fixed quantity called the limit of 
ihc varying one ; or, in a looser way of speaking, these 
quantities may be said to be ultimately equal or in a 
ratio of equality. 

On this subject, see Newton’s Principia, lib. 1; Smith's 
Fluxions; Ludlain on Ultimate Ratios; Ike. 

PRIMES, denote the first divisions into which some 
whole or integer is divided. As, a minute,-or prime 
minute, the 60th part of a degree ; or the first place of de¬ 
cimals, being the 10th pnrts of units; or the first division of 
inches in duodecimals, being the 12th parts of inches; &c. 

. Prime Numbers , are those which can only be measured 
by unity, or exactly divided without a remainder, 1 being 
the only aliquot part: as 2, 3, 5, 7, 11. 13, 17, &c. And 
they urc otherwise called Simple or Incompositc.jnimhcrs. 

The peculiar property of prime numbers, ns to their 
forms, the method of finding them, and the many col¬ 
lateral truths that have been derived from the investiga¬ 
tions of those properties, have rendered them deserving of 
the particular attention of mathematicians; and accord¬ 
ingly, wc find some of the most celebrated analysts of mo¬ 
dern times have bestowed on the theory of those numbers 
many elaborate and ingenious investigations; among 
whom, those who have more particularly distinguished 
themselves, are Bachct, Fermat, Euler, Lagrange, Le¬ 
gendre, arid Gauss ; the united efforts of these celebrated 
authors to any particular subject, cannot fail of giving it 
considerable importance in the opinion of mathematicians, 
at the sntnc time that wc muy expect from their combined 
and concentrated labours, that many interesting truths 
have been the reward of so much talent and ingenuity. 

It would be contrary to the plan of this work to enter 
at any length into the investigations above alluded to, hut 
the result of them will no doubt be acceptable to the 
reader; we shall therefore content ourselves with record¬ 
ing some of the most important of those propositions, re¬ 
ferring for their investigations and demonstrations to the 
authors above quoted, viz, Cachet's Diopbantus published 
in 1621, and his work entitled, Problems plaisans et de- 
lcctablcs &c; Fermat’s edition of Bachet’s Diophanlus, 
with notes, published in 1(>70; Euler's Algebra published 
in German 1770, and since translated into the Russian, 
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French, and English languages, with the additions by La¬ 
grange, on the same subject; also to the Analysis Infini- 
lorum of the same author, and more particularly to the 
Petersburg Acts, which contain many of the ingenious la¬ 
bours of This celebrated geometer; Lagrange's additions 
to Luler’u Algebra above quoted, and to the Berlin 2 Ie- 
nioirb from 1>60 for several years. But the mostelabo- 
rate and connected works on the subject of numbers arc 
those of Legendre, entitled Lssai sur la Thcone desN om¬ 
bres, second edition, published in 1808; and the Disqui- 
siliones Arithmetical by W. Gauss, published at Leipsick 
in 1801, and since (1807) translated into French by Poulct 
Delislc, under the title of ltecherches Arithmetiques. 

In these works the reader will find the subject of num¬ 
bers bandied in the most masterly manner, many parti¬ 
cular properties of the prime numbers accurately demon¬ 
strated, and their applications to various parts of the In¬ 
determinate and general Analysis. 

Every prime number, greater than 2, is of one ot the 

forms 4 n 1, or 4n — 1. . , 

Every prime number, greater than 3, is of one of the 

forms On ■+• 1, or 6n — 1. 

And as, in the former case, n may be cither even or odd; 
it therefore follows, that every prime number, except 2, is 
of one of the forms 8n 1 ,8n -f 3, 8n -t- 5, or 8« ■+* 7- 
In the same manner we may divide prime numbers into 
classes according to any modulus at pleasure, but the last 
four forms, in which are included the first two forms 
4 n 1 and 4n - 1, are those which urc found to pos¬ 
sess the most distinct properties. 

But though every prime number, except 2, iscontaincd 
in one or other of these four forms, the converse of the pro¬ 
position is not true, namely, that every number in those 
forms is a prime number. Indeed no formula has yet 
been discovered that belongs exclusively to prime numbers, 
nor has any direct rule been given for finding them, or lor 
ascertaining whether a given number be prime or not; 
Euler has however considerabl> simplified the method ot 
trials, in this latter case, by means of the different forms 
of divisors that belong to certain algebraical formula; 
thus, he has shown, in the Berlin Memoirs for 1772, 
that a = 2 1 ’ — 1 can have no divisors except numbers 
of the form 248n 1, or 248» + 63; and having made 

trials of all the prime numbers in those- forms, less than 
46330 , the root of the number a, and finding that none 
of them divided a, he thence confidently concludes that 
2 ** _ l = 2147483647 is a prime number: and this is 
the greatest of those that have been verified at present. 

It is needless to observe, that without some method 
similar to the one above given, we should have no means 
of ascertaining whcthcr-the number was prime or not, but 
bv trying every prime number for a divisor from 1 to v 
that is, from 1 to 46339, which would be too laborious a 
task for any one to have attempted. 

Fermat had asserted that both 2 3 — 1 and 2—1 
were prime numbers, but Euler has shown that this lust 
may be decomposed into the factors 3-5 17-237-65537- 

Eratosthenes invented a method of finding those num¬ 
bers but it is rather mechanical than analytical ; this is 
generally spoken of under the appellation ot Eratosthenes 
Sieve or the Sieve of Eratosthenes, a description of which 

i. given under that article. See 

Properties of Prime Numbers. 

Every prime number, 4» - ‘^7 

squares, or is of the form x -+■y ■ Thus 17-4 + 1 , 

29 = 5* -t- 2*; 37 =6* 1% Sec. 
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Every prime number, S n -+- 1, is at tbc same time ot 
the three forms x t y‘, r 1 -+- 2 y x , and x x — 2 y 7 . Thus 
41 = 5* + 4 2 = 32 - 2’4* = 7 1 - 2.2*. 

Every prime number 8»i •+- 3. is of the form r : -+- 2y*. 
Thus 43 = 5* ■+■ 2.3*, and 59 = 3* -+- 2.5", &c : 

Every prime number, 8/1 7, is of the lorin x 2 y • 

Thus 31 = 7 2 — 2.3 J and 47 = V -2.1 2 , &c. 

The demonstrations of these four theorems were first 
given by Lagrange, in tbc Berlin Memoirs for 1 1 75; 
they may also be found in the notes subjoined to the se¬ 
cond English edition of Euler's Algebra. It is likewise to 
Lagrange that we are indebted, if not for tbc demonstra¬ 
tion of the properties contained in the following table, at 
least for pointing out the method that led to them, as is 
ingenuously acknowledged by Lx-gendre, at pa. 286, 1st edi¬ 
tion, and at pa. 262, 2d edition of his Theory of Numbers, 
whence this table is extracted. 



Prime Numbers. 

Forms. 

1 

4/i -+- 1 

y -+- = 2 

2 

6n -+- 1 

y 1 -h yz -h z x 

3 

8/1 -t-l,7 

y 1 - 2 s* 

4 

8/1 -+■ ] , 3 / 

y ' -+- 2 x l 

5 

12/i -*- 1 

y- - 3z 2 

6 

12n 11 

3y* - x 2 

7 

14/i 1, 9, 11 

y 7z ,j 

S 

20 n 1, 9, 19 

V‘ — 

.a 

9 

20 n -hi ,9 

y -f- 5z 

10 

20/1 + 3,7 

oy -+- 2 yz -h 3- 

11 

24/i f- 1, 19 

y' - 6z 2 

12 

24n ■+■ 5, 25 

6y* - x 2 

13 

24/i -+- 5, 11 

Qy ‘ ■+■ 3 s* 

/> /* * 

14 

24n + 1, 7 

y 

15 

28/i 1, 9. 25 

y - 7 * 

a 0 

1G 

28/i -+■ 3, 19. 27 

7y - s’ 

17 

30/i +- 1, 19 

y x -+- 15z 

18 

30 n + 17# 23 

3y ■+■ 5: 

19 

40/i 1 , 9, si, 39 

y l — 10s 1 

20 

4On -f 3, 13# 2/1 3/ 

Qy l - 5z x 

21 

40/i + 1) 9# 11, 19 

y‘ -+- lOz 

22 

40n 7, 13, 23, 37 

2y -+- 5s* 

23 

120/1 11, 29, $9t. 101 

5y •*- 6z 

24 

120/1 -+- 13, 37, 43, 67 

ioy sz 

25 

120a ■+■ 1, 31, 49, 79 

y -+- 30s 

26 

120/i -+- 17, 23, 47, US 

2y 1 bzr 


Beside the propcrucs o. pum" 
rated, and those which arc given under die article Num¬ 
ber, we have another to notice, the discovery of which 
has been the admiration of every mathematician m Europe, 
namely, the solution of the equation x -1-0, when 

n is a prime number. . - .»• 

The first investigation and demonstration of this pro¬ 
blem was published by M. Gauss, in bis truly ingenious 
work entitled Disquisitiones Arithmetical!, though it seems 
that Vandermonde had asserted, in the Memoirs of the 
Academy of Sciences, at Paris in $771, p*. 416, but with¬ 
out explaining the method, that suchequat.ons were always 
resolvable by means of equations of inferior degrees. It is 
however to M. Gauss that we are indebted for the complete 
development of this interesting theorem, he having shown*, 
in the most satisfactory manner, that when n is a prime 
number, and (n - 1) is resolved into its prime factors 
a* cr &c, that the solution of the equation X* — ■ 1 — 0 
may be obtained by means of a equations of the degree a, 
3 2 H 2 
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/3 of the degree b, y of the degree c, Sec; thus the equa¬ 
tion r 7J — 1 = 0, (73 — 1 being equal to 3 2 *2 3 ) is re¬ 
solved by means of two equations of the third degree, and 
three of the second ; and - 1 = 0, (as 18 = 3'-2‘) 
is resolved by means of two cubic, and one quadratic equa¬ 
tion. And hence it follows, that when n = 2 ra -+• 1 that 
the equation x n — 1=0 may be resolved by means of m 
quadratic equations, in which case the roots may 'be 
lound by construction, and consequently the circle may, 
with such \alues of n, he divided into n equal parts by 
means ot the scale and compasses only, which was always 
thought to be impossible till the appearance of the work 
above mentioned. 

Since 17 is a prime number of this form, that is, 17 =s 
2* -4- 1, therefore a circle may be divided geometrically 
into 17 equal parts; and since 15 = 3 x 5, and 16 = 2\ 


Pill 

therefore the circle may be divided into equal parts re, 
presented by the three consecutive numbers 15, 16 and 
17 ; the same is also true of the three numbers 255. 256 , § 

and 257, since 255 = 3 x 5 x 17; 256 = 2*, and % 
257 = 2* + also of the three 65535, 6553 6 , and 

65537, because 65535 = 255 x 257, 65536 = 2 l4i , and 
65537 = 2 IC + I. But as 2 32 1 is not a prime, wo 

cannot pursue this reasoning'any farther. Sec Gauss's 
Dis^uisitiones Arithmetical, Legendre's Essai sur la 
Theorie des Nombrcs, 2d Edition, and the Complement 
to Lacloix's Algebra. 

The following Table contains all the prime numbers, 
and all the odd composite numbers, under 10 , 000 , with 
the least prime divisors of these; the description, nature, 
and use of which, see immediately following the table. 


A Table of Prime and Composite Odd Numbers , under 10 , 000 . 
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5 50 


13 

31 3 
3 

I 1 3 


I I 3 
] 3 

17 3 
10 13 

21 11 
23 3 
27 23 
29 3 

31 47 
33 
37 
39 



3 

3 

3 23 
3 

13 
3 7 


29 3 
37 


43-44 


II 3 7 43 S 133 
31375 3 

7 39 3 17 5 117 3 

3 31 5 1117 3 

31113 3 717 3 

19 3 7 3 17 3 

3 7 3 53 3 29 

" 3 31 3 61 3 


5>1 52 53 54 55 5G 


3 29 3 

5 3 

19 3 7 
3 43 7 3 


M 


41 
43|l 1 
47 
49 


53 3|IJ 
II 13 

3 


3 

71 3 


3 19 
•3 3 


3 

20 3 
17 3 7 
17 7 3 


3 3111 3 
113 7 

7 3 41 
13 3 
3 I | 
3 

59| 3 


31 3 
17 23 
7 3 
_ 13 II 

711 3 43 
3 29 3 

41 3 
3 23 3 

3 7 37 
7 3 
3 01 
3 


01 3 23 
3 7 113 
19 3 13 
3 23 3 


13 3 7 
31 3 


3 7 
7 3 
3 13111 
II 3 

3 

3 

3 7 

7 S | | 

II 17 3 
3 29 3 

7 37 37 
3 13 7 3 


3 13 
7 3 
3 7 
7 3 


3 10 3 

3 61 29 
3 3 

3 7 47 

7 3 59 

3 3 

17 11 3 13 

3 17 41 3 7 

3 17 7 3 
3 17 
3 11 23 
29 3 19 

13 3 

3 

7 3 43 

07 13 3 

3 

3 13 
3 7 

7 


23 3 31 
3 13 

43 3 

II 3 
I) 3 7 61 

3 31 3 

9 3 37 


3 

3 II 
7 
3 


3 

3 3 


3 \ 3||7 

3 13 


71 3 


01 7 3 

3 3 11 
7 113 

9 5 

1119 5 47 

3 13 3 

7 7 3 13 
9 17 3 

21 3 23 
23 47 3 
27 3 7 

29 23 3 73 

317 5 

33 3 

S7 1 1 3 

39 3 13 19 

1153 3 7 
43 37 7 3 
17 3 

49 I 9 29 3 

51 3 59 
53 3 53 

57 3 7 11 
59 7 3 23 

61 13 3 

63 3 19 31 
67 23 S 

69 311 7 

71 3 41 

73 7 3 

77 31 3 19 
79 3 


3 3 17 3 

13 3 7 ‘ 3 17 

3 13 3 313 

7 71 3 37 19 3 11 7 


3 7 


3 19 7 3 

7 43 3 19 

3 13 23 3 


5 31 
37 3 29 
3 II 


1 


3 23 
3 

3 61 
3 


m\ 


3 

29 3 


17 11 3 
I) 317 7 
5 7 13 3 
7 3 


3 II 
39 3 19| 3 

3 3 


17 3 3 

3 13 17 3 7 3 

3 II 7 3 37 3 

I 1 13 3 IP 17 3 23 

73 13 3 17 5 


3 

23 3 
13 3 
31 3 




3 13 7 3 
3 3 

3 19 3 

3 23 1 1 3 


3 7 3 11 S 7 

73 113 313 

3 3 7 3 47 

3 3 13 S 59 73 3 11 

3 67 3 7 3 11 01 S 

3 7 3 1 1 67 3 7 


7 19 373 


3 

47 3 31 


3 1 1 37 S 
613 7 
3 7 3 

59 3 19 53 
7 47 3 
41 3 

17 13 3 23 

17 3 31 29 3 
17 3 711 
II 5 17 3 

361 17 

3 4$ 

3 3 

11 79 3 29 
3 7 3 


3 

59 67 
3 7 


53 29 3 7 IS 3 
3 23 7 S 3 

7 53 3 43 5SH 3 
3 S 37 3 


31 3 


13 3 


S 7 
331 7 3 


7 11 3 7 
3 7 3 53; 


3 23 
3 19 


3 

3 3 
3 13 
3 


7 3 
13 
II 3 

3 

41 S 
II 
3 


43 3 
371 13 3 


S 

3 19 
3 3 37 7 

7 I 3 13 
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A Table of Prime and Composite Numbers, under 10,000. 



0) 31»7 
03 3 17 

07 3 7 

09 I I 3 13 


11 7 
13 3 31 
17 17 
19 3 





79 SO 8 I 82 


3 II 


III 


3 13 11 3 29 3 .59 3 

113 3 7 53 3 13 19 

3 3 37 3 1 i >P 3 

313 7 13 3 11 3 7 

7 3 1173 3 3 

3 11 23 3 13 H 3 7 13 3 
3 3 3 

3 73 19 3 7 323 


34 8 80 87 88 39 9 


31 3 713 3 • 

31 11 7 3 29 3 

17 3 3 

67 3 23 59 

3 79 31 3 7 
3 7 3 

3 7 23 3 37 


93 94 


9399 


19 3 71 7 3 '89 3 

3 13 3 31 3 

17 3 41 23 3 13 17 3 

3 *7 37 3 7 17 3 


3 19 3 7 

13 3 67 3 

3 13 7 3 3159 


7 3 




7 3 


21 19 3 
23 7 

27 3 

29 13 3 

31 3 29 79 3 
33 313 " 

37 3 7 31 


41 
43 3 53 
47 41 
49 3 




3 7 3 89 3 3 53 

3 3 3 71 

3 17 7 3 29 3 23 3 

3 17 3 59 3 7 1 l| 3 




3 17 13 3 41 7 3 
3 3 17 I I 3 

113 7 3 17 

13 3 71 3 17 




29 3 13 

3 79 3 


21 3 
23 3 

27 3 
29 3 

31 19 3 

3 3 7 89 
11 3 

39 3 53 3 

23 3 


3 29 11 3 3 

3 7 3 

7 3 23 3 89 

3 3 117 

3 11 19 3 13 


II 

3 23 
47 
3 7 


111 


3 11 23 3 
3 7 

3 7 *» 

7 3 13 


3 

37 3 
3 23 83 


3 89 3 11 

1 7 371 31 3 
3 


37 3 
I 3 

3 19 
3 

13 
3 61 
43 7 
3 

3 

59 37 
3 
23 

3 7 
7 3 



13 
3 41 
7 19 3 11 
3 1113 
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In the foregoing table, all the odd numbers that end 
with 5 are omitted, because it is known that 5 is a divisor, 
or aliquot part of every such number.—The disposition ot 
the prune ami composite odd numbers in this table, is 
along the top line, and down the first or left-hand column; 
while their least prime divisors are placed in the angles of 
meeting in the body of the page. Thus, the figures along 
the top line, viz, O, 1, 2, 3, 4, 6c c, to 99, are so many hun¬ 
dreds ; and those down the first column, from 1 to 99 also, 
are units or ones; and the former of these set before the 
latter, make up the whole number, whether it be prime or 
composite; just like the disposition of the natural num¬ 
bers in a table of logarithms. Thus the I 6 in the top line, 
joined with the 19 in the first column, makes the number 
l6l9: the angle of their meeting, viz, of the column under 
l6, and of the line of 19, being blank, shows that the num¬ 
ber 16*19 has no aliquot part or divisor, or that it is a 
prime number. In like manner, all the other numbers 
are primes that have no figure in their angle of meeting, 
as the numbers 41, 401,919, &c. But when the two 
parts of any number.have some figure in their angle of 
meeting, that figure is the least divisor of the number, 
which is therefore not a prime, but a composite number: 
so 301 has 7 for its least divisor, and 803 has 11 tor its 
least divisor, and 16*33 has 23 for its least divisor. 

Hence, by the foregoing table, are immediately known 
at sight all the prime numbers up to 10,000; and hence 
also arc readily found all the divisors or aliquot parts of 
the composite numbers, namely in this manner: Find the 
least divisor of the given number in the table, as above; 
divide the given number by this divisor, and consider the 
quotient as another or new number, of which find the least 
divisor also in the table, dividing the said quotient by this 
last divisor; and so on, dividing always the last quotient 
by its least divisor found in the table, till a quotient be 
found that is a prime number: then are the said divisors 
and the last or prime quotient, all the simple or prime di¬ 
visors of the first given number; and if these simple divi¬ 
sors be multiplied together thus, viz, every two, and every 
three, and every four, &c, of them together, the several 
products will make up the compound divisors or aliquot 
parts of the first given number; noting, that if the given 
number be ail even one, divide it by 2 till an odd number 
come out. 

For example, to find all the divisors or component fac¬ 
tors of the number 210. This being an even number, di¬ 
viding it by 2, one of its divisors, gives 105 ; and this end- 
ing with 5, dividing it by 5, another of its factors, gives 
21 ; and the least divisor of 21, by the table is 3, the quo¬ 
tient from which is 7; therefore all the * 
prime or simple factors of the given num¬ 
ber, arc 2, 3, 5,7- Set these therefore down 
in the first line as in the margin; then 
multiply the 2 by the 3, and set the pro¬ 
duct 6 below the 3 ; next multiply the 5 
by all that precede it, viz, 2, 3, 0, and set 
the products below the 5; lastly multiply 
the 7 by all the seven factors preceding it, 
and set the products below the 7; so shall 
we have all the factors or divisors of the 
210, which arc these, viz, 

2, 3, 5, 6, 7, 10, 14, 15,21, 30, 35, 42, 70,105. 

A table containing every divisor of every number from 
1 to 10,000, was given by Anjcma, and was reprinted in 


London in 1747. And a much more extensive table of this 
kind is given in the second edition of Vega’s tables, where 
also is a tabic of all prime numbers to 400,000. 

Prime Vertical, is 1 hat vertical circle, or azimuth, which 
is perpendicular to the meridian, and passes through the 
cast and west points of the horizon. 

Prime Verticals, in Dialling, or Prim ^.-Vertical Dials, 
arc those that arc projected on the plane of the prime ver¬ 
tical circle, or on a plane parallel to it. These arc other¬ 
wise called direct, erect, north, or south dials. 

Prime of the Moon , is the new moon at her first appear¬ 
ance, for about 3 days after her change. It means also 
the Goldf.n Number; which see. 

PR1MUM Mobile , in the Ptolemaic Astronomy, is sup¬ 
posed to be a vast sphere, whose centre is that of the world, 
and in comparison of which the earth is but a point. This 
they describe as including all other spheres within it, and 
giving motion to them, turning itself and all the rest quite 
round in 24 hours. 

PRINCIPAL, in Arithmetic, or in Commerce, is the 
sum lent upon interest, either simple or compound. 

Principal Point , in Perspective, is a point in the per¬ 
spective plane, upon which tails the principal ray, or line 
from the eye perpendicular to the plane. This point is in 
the intersection of the horizontal and vertical planes; and 
is also called the point of sight, and point of the eye, or 
centre of the picture, or again the point of concurrence. 

Principal Ray, jn Perspective, is that which passes 
from the spectator's eye perpendicular to the picture or 
perspective plane, and so meeting it in the principal point. 

PRINGLE (Sir John), Baronet, the late worthy pre¬ 
sident of the Royal Society, was born at Stichcl-houso, in 
the county of Roxburgh, North Britain, April 10, 1707. 
His father was Sir John Pringle, of Stichel, Bart, and his 
mother Magdalen Elliott, was sister to Sir Gilbert Elliot, 
of Stubs, Baronet. He was the youngest of several sons, 
three of whom, besides himself, arrived to years of matu¬ 
rity. After receiving his grammatical education at home, 
he was sent to the university of St. Andrews, where having 
staid some years, he removed to Edinburgh in 1727, to 
study physic, that being the profession which he now de¬ 
termined to follow. He staid however only one year at 
Edinburgh, being desirous of going to Leyden, which was 
then the most celebrated school for medicine in Europe. 
Dr. Boerhaavc, who had brought that university into great 
reputation, was considerably advanced in years, and Mr. 
Pringle was desirous of benefiting by that great man’s lec¬ 
tures. After having gone through his proper course of 
studies at Leyden, he was admitted, in 1730, to his doctor 
of physic’s degree ; upon which occasion his inaugural 
dissertation, De Marcoro Scnili, was printed. On quitting 
Leyden, Dr. Pringle returned and settled at Edinburgh as 
a physician, where, in 1734, he was appointed, by the ma¬ 
gistrates and council of the city, to be joint professor of 
pneumatics and moral philosophy with Mr. Scott, during 
this gentleman's life, and sole professor after his decease; 
being also admitted at the same time a member of the uni¬ 
versity. In discharging the duties of this new employ¬ 
ment, his text-book was Puffendorff Dc Officio Hominiset 
Civis; agreeably to the method he pursued through life, 
of making fact and experiment the basis of science. 

Dr. Pringle continued in the practice of Physic at Edin¬ 
burgh, and in duly performing the office of professor, till 
1742, when he was appointed physician to the earl of Stair, 
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who then commanded the British army. By the interest 
of this nobleman, Dr. Pringle .vas constituted, the same 
yf-ar, physician to the military hospital in Flanders, with 
a salary of ‘20 shillings a-day, and the right to half-pay 
for life. On this occasion he was permitted to retain his 
professorship of moral philosophy ; two gentlemen, Messrs. 
Muirhead and Cleghorn teaching in his absence, as long 
as he requested it. The great attention which I)r. Pringle 
paid to his duty as an army physician, is evident from 
every page of his Treatise on the Diseases of the Army, in 
the execution of which office he was sometimes exposed 
to very imminent dangers. He soon after also met with 
ji small affliction in the retirement of his great friend the 
farl of Stair, from the army. He offered to resign with 
jjis noble patron, but was not permitted : he was therefore 
obliged to content himself with testifying his respect and 
gratitude to him, by accompanying the earl 40 miles on 
his return to England; after which he took leave of him 
with the utmost regret. 

But though Dr. Pringle was thus deprived of the imme¬ 
diate protection of a nobleman who knew and esteemed 
his worth, his conduct in the duties of his station procured 
him effectual support. He attended the army in Flanders 
through the campaign of 1744, and so powerfully recom¬ 
mended himself to the duke ol Cumberland, that in the 
spring following he had a commission, appointing him phy¬ 
sician-general to the kings forces in the Low-Countries, 
and parts beyond the seas; and on the next day he re¬ 
ceived a second commission from the duke, constituting 
him physician to the royal hospitals in those countries. 
In consequence of these promotions, he the same year re¬ 
signed his professorship in the university of Edinburgh. 

In 1745 be was also with the army in Flanders; but 
was recalled from that country in the luttcr end of the 
year, to attend the forces which were to be sent against 
the rebels in Scotland. At this time he had the honour 
of being chosen f. k. s. and the Society had good reason 
to be pleased with the addition of such a member. In 
the beginning of 1746*, Dr. Pringle accompanied, in his offi¬ 
cial capacity, the duke of Cumberland in bis expedition 
against the rebels; and remained with the forces, after 
the battle of Culloden, till their return to Englnrfd the fol¬ 
lowing summer. In 1747 and 1748, he again attended 
the army abroad ; but in the autumn of 1748, he emburk- 
ed with the forces for England, on the signing of the treaty 
of Aix~lu-Chupc)lc. 

From that time he mostly resided in London, where, 
from his known skill and experience, and the reputation 
he had acquired, he might reasonably expect to succeed 
as a physician. In 1749 he was appointed physician in 
ordinary to the duke of Cumberland. And in 1750 he 
published, in a letter to Dr. Mead, Observations on the 
Gaol or Hospital Fever: this piece, with some alterations, 
was afterwards included in his grand work on the Diseases 
of the Army. 

In this and the two following years Dr. Pringle com¬ 
municated to the Iloyal Society his celebrated Experi¬ 
ments upon Septic and Antiseptic Substances, with Re¬ 
marks relating to their Use in the Theory of Medicine; 
some of which were printed in the Philosophical Transac¬ 
tions, and the whole were subjoined, as an appendix, to 
his Observations on the. Diseases of the Army. Those ex¬ 
periments procured for the ingenious author the honour 
of Sir Godfrey Copley's gold medal; besides gaining him 
a high and just reputation as an experimental philosopher. 


He gave also many othef curious papers to the Royal So¬ 
ciety: thus, in 1753, he presented, An Account of seve¬ 
ral Persons seized with the Gaol Fever by working in New¬ 
gate; and of the Manner by which the Infection was com¬ 
municated to one entire Family ; in the Philos. Trans, vol. 
4S. His next communication was, A remarkable case of 
Fragility, Flexibility, and Dissolution of the Bones; in the 
same vol.—In the 49th volume, arc accounts which he 
gave of an Earthquake felt at Brussels; of another at Glas¬ 
gow and Dunbarton ; and of the Agitation of the Waters, 
Nov. 1, 1756, in Scotland and at Hamburgh.—The 50th 
volume contains his Observations on the Case of lord Wal¬ 
pole, of Woollcrton ; and a Relation of the Virtues of Soap, 
in Dissolving the Stone.—The next vblume is enriched with 
two of the doctor's articles, of considerable length, as well 
as value. In the first, he hath collected, digested, and 
related, the different accounts that had been given of a 
very extraordinary Fiery Meteor, which appeared the 26tli 
of November 1758 ; and in the second he has made a va¬ 
riety of remarks- upon the whole, displaying a great degree 
of philosophical sagapity.—Besides his communications in 
the Philosophical Transactions, lie gave, in the 5th volume 
of the Edinburgh Medical Essays, an account of the Suc¬ 
cess of the Vitrum ceratum Antimonii. 

In 1752, Dr. Pringle married Charlotte, the second 
daughter of Dr. Oliver, nil eminent physician at Bath : a 
connexion which however did not lust long, the lady dy¬ 
ing in the space of a few years. And nearly about the 
time of his marriage, he gave to the public the first edition 
of his Observations on the Diseases of the Army; which 
afterwards went through many editions with improve¬ 
ments, was translated into the French, the German, and 
the Italian languages, and deservedly gained the author 
the highest credit and encomiums. „ The utility of this 
work however was of still greater importance than its re¬ 
putation. From the time that the doctor was appointed 
a physician to the army* it seems to have been his grand 
object to lessen, ns far as lay in his power, the calamities 
of war; nor was he without considerable success in his 
noble and benevolent design. 1 he benefits which may be 
derived from our author’s great work, are not solely con¬ 
fined to gentlemen of the medical profession. General 
Melville, a gentleman who united with his military abili¬ 
ties the spirit of philosophy, and'the feelings of humanity, 
was enabled, when governor of the Neutral Islands, to be 
singularly useful, in consequence of the instructions ho 
had received from Dr. Pringle's book, and from personal 
conversation with him. By taking care to have hi? men 
always lodged in large, operf, and airy apartments, and by 
never letting his forces remain long enough in swampy 
places to be injured by the noxious air which they ate 
subject to, the general was the happy instrument of saving 
the lives of 700 soldiers. 

Though Dr. Pringle had not for some years been called 
abroad, he still held his place of physician to the army •, 
and in the war that began in 1755, he attended the cninps 
in England during three seasons. In 1758, howc\er, fie 
entirely quilted the service of the army; and being i)o\v 
•determined to fix wholly in London, lie was the same year 
admitted a licenciate of the college of physicians.—After 
the accession of king George the 3d to the throne of Great 
Britain, Dr. Pringle was appointed, in 1761, physician to 
the queen’s household ; and this honour was succeeded, by 
his being constituted, in 1763, physician extraordinary to 
the queen. The same year he was chosen a member of 
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the Academy of Sciences at Haarlem, and elected a fellow 
of the Royal College of Physicians in London.—In 176'4, 
on the decease of Dr. Wollaston, he was made physician- 
in-ordinary to the queen. In 1766 he was elected a foreign 
member, in the physical line, of the Royal Society of 
Sciences at Gottingen, and the same year he was raised to 
the dignity of a baronet of Great-Ilrituin. In 1/68 he was 
appointed physician in ordinary to the late princess-dowa¬ 
ger of Wales. 

After having had the honour to be several times elected 
into the council of the Royal Society, sir John Pringle 
was at length, viz, Nov. 30, 1772, in consequence of the 
death of James West, esq. elected president of that learned 
body. His election to this high station, though he had so 
respectable a character as the late sir James Porter for his 
opponent, was carried by a very considerable majority. 
Sir John Pringle's conduct in this honourable station fully 
justified the choice the Society made of him as their pre¬ 
sident. By his equal, impartial, and encouraging beha¬ 
viour, he secured the good will and best exertions of all 
for the general benefit of science, and true interests of the 
Society, which in his time was raised to the pinnacle of 
honour and credit. Instead of splitting the members into 
opposite parties, by cruel, unjust, and tyrannical conduct, 
as has sometimes been the case, to the ruin of the best in¬ 
terests of the Society, sir John Pringle cherished and hap¬ 
pily united the endeavours of all, collecting and directing 
the energy of every one to the common good of the whole. 
He happily also struck out a new way to distinction and 
usefulness, by the discourses which were delivered by him, 
on the annual assignment of sir Godfrey Copley’s medal. 
This gentleman had originally bequeathed five guineas, 
to be given at each anniversary meeting of the Royal So¬ 
ciety, by the determination of the president and council, 
to the person who should be the author of the best paper 
of experimental observations for the year. In process of 
time, this pecuniary reward, which could never be an im¬ 
portant consideration to a man of an enlarged and philoso¬ 
phical mind, however narrow his circumstances might be, 
was changed into the more liberal form of a gold medal; 
in which form it is become a truly honourable mark of 
distinction, and a just and laudable object of ambition. 
No doubt it was always usual for the president, on the de¬ 
livery of the medal, to pay some compliment to the gen¬ 
tleman on whom it was bestowed; but the custom of 
making a set speech on the occasion, and of entering into 
the history of that part of philosophy to which the expe¬ 
riments, or the subject of the paper related, was first in¬ 
troduced by Martin Folkes, esq. The discourses however 
which he and his successors delivered, were very short, 
and were only inserted in the minute-books of the Society. 
None of them had ever been printed before sir John Prin¬ 
gle was raised to the chair. The first speech that was 
made by him being much more elaborate and extended 
than usual, the publication of it was desired ; and with 
tbittrequest, it is said, he was the more ready to comply, 
as an absurd account of what he bad delivered had ap¬ 
peared in a newspaper. Sir John was very happy in the 
subject of his first discourse. The discoveries in magnetism 
aud electricity bad been succeeded by the inquiries into 
the various species of air. In these inquiries, Dr.Priest- 
ky, who had already greatly distinguished himself by his 
electrical experiments, and his other philosophical pur¬ 
suits and labours, took the principal lead. A paper of his, 
entitled, Observations on different Kinds of Air, having 
VOL. II. 


been read before the Society in March 1772, was ad¬ 
judged to be deserving of the gold medal ; and ir J din 
Pringle embraced with pleasure the occasion of celebrating 
the important communications of his friend, and ot re¬ 
lating with accuracy and fidelity what had previously been 
discovered upon the subject. 

It was not intended, we believe, when sir John's first 
speech was printed, that the example should be followed : 
but the second discourse was so well received by the So¬ 
ciety, that the publication of it was unanimously re¬ 
quested. Both the discourse itself, and the subject on 
which it was delivered, merited such a distinction. The 
composition of the second speech is evidently superior to 
that of the former one; sir John having probably been 
animated by the favourable reception of liis first effort. 
His account of the Torpedo, and of Mr. Walsh’s ingenious 
and admirable experiments relative to the electrical pro¬ 
perties of that extraordinary fish, is singularly curious. 
The whole discourse abounds with ancient and modern 
learning, and exhibits the worthy president’s knowledge in 
natural history, as well as in medicine, to great advan- 
tage. 

The third time that he was called upon to display his 
abilities at the delivery of the annual medal, was on a very 
beautiful and important occasion. This was no less than _ 
Mr. Maskclyne’s successful attempt completely to establish 
Newton’s system of the universe, by his observations made 
on the Mountain Schihallicn, for finding its attraction. 
Sir John laid bold of this opportunity to give a perspicuous 
and accurate relation of the several hypotheses of the an¬ 
cients, with regard to the revolutions of the heavenly bo¬ 
dies, and of the noble discoveries with which Copernicus 
enriched the astronomical world. He thi n traces the pro¬ 
gress of the grand principle of gravitation down to sir 
Isaac’s illustrious confirmation of it ; to which he adds a 
concise account of Messrs. Bougucr's and Condamine’s ex¬ 
periment at Chimborazo, and of Mr. Maskelync’s at Schi¬ 
hallicn. If any doubts still remained with respect to tho 
truth of the New tonian system, they were now completely 
removed. 

Sir John Pringle had reason to be peculiarly satisfied 
with the subject of his fourth discourse ; that subject being 
perfectly congenial to his disposition and studies. His own 
life had been much employed in pointing out the means 
which tended not only to cure, but to prevent the diseases 
of mankind ; and it is probable, from his intimate friend¬ 
ship with captain Cook, that lie might suggest to that sa¬ 
gacious commander some of the rules which he followed, 
in order to preserve the health of the crew of his ship, 
during his voyage round the world. Whether this was the 
case, *or whether the method pursued by the captain to 
attain so salutary an end, was the result alone of his own 
reflections, the success of it was astonishing ; and this ce¬ 
lebrated voyager seemed well entitled to every honour 
which could be bestowed. To him the Society assigned 
their gold medal, but he was not present to receive the 
honour. He was gone out upon the voyage, from which 
he never returned : but in this last voyage he continued 
equally successful in maintaining the henlth of his men. 

The learned president, in his fifth annual dissertation, 
had an opportunity of displaying his knowledge in a way 
in which it had not hitherto appeared. The discourse 
took its rise from the adjudication of the prize medal to 
Mr. Mudgo, then an eminent surgeon at Plymouth, on 
account of his valuable paper, containing Directions for 
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making the bt>t Composition for the Metals of Reflecting 
Telescopes, together with n Description of the Process for 
Grinding, Polishing, and giving the Great Speculum the 
true Parabolic Form. Sir John has accurately related a 
variety of particulars, concerning the invention o! reflect¬ 
ing telescopes, the subsequent improvements oi these in¬ 
struments, and the state in which Mr. Mudgc found them, 
when he first set about working them to a greater per¬ 
fection, till he had truly realized the expectation of New¬ 
ton, who, above an hundred years ago, presaged that the 
public would one day possess a parabolic speculum, not 
accomplished by mathematical rules, but by mechanical 
devices. 

Sir John Pringle's sixth and last discourse, to which he 
was led by the assignment of the gold medal to myself, on 
account of my paper entitled, The Force of fired Gun¬ 
powder, and the Initial Velocity of Cannon Balls, deter¬ 
mined by Experiments, was on the theory of gunnery. 
Though sir John hud so long attended the army, this was 
probably a subject to which lie had heretofore paid very 
little attention. • NVc cannot however help admiring with 
what perspicuity and judgment he stated the progress that 
was made, from time to time, in the knowledge ol pro¬ 
jectiles, and the scientific perfection to which it has been 
said to be carried in iny paper. As sir John Pringle was 
not one of those who delighted in war, and in the shedding 
of human blood, he was happy in being able to show that 
even the study of artillery might lie useful to mankind; 
ami therefore this is a topic which he has not forgotten to 
inentilm. Here ended our author’s discourses on the de¬ 
livery of sir Godfrey Copley's medal, and his presidency 
over the Royal Society at the same time, the delivering 
that medal into my hand being the last office he ever per¬ 
formed in that capacity ; a ceremony which was attended 
by a greater number of the members, than had ever met 
together before upon any other occasion. Had he been 
permitted to preside longer in that chair, he would doubt¬ 
less have found other occasions of displaying his acquaint¬ 
ance with the history of philosophy. But the opportu¬ 
nities which he had of signalizing himself in this respect 
were important in themselves, happily varied, and sufli- 
cient to gain him a solid und lasting reputation. 

Several marks of literary distinction, as wc have already 
seen, had been conferred on sir John Pringle, before he 
was raised to tlie president’s chair. But after (hat event 
they were bestowed upon him in great abundance, having 
been elected a member of almost all the literary societies 
aild institutions in Europe. He was also, in 1774, ap¬ 
pointed physician-extraordinary to the king. 

It was at rather a late period of life when sir John Prin¬ 
gle was chosen to be president of the Royal Society, being 
then 65 years of age. Considering therefore the great 
attention that was paid by him to the various and impor¬ 
tant duties of his office, and the great pains he took in the 
preparation of his discourses, it was natural to expect that 
the burthen of his honourable station should grow heavy 
upon him in a course of time. This burthen, though not 
increased by any great addition to his life, for he was only 
6 years president, was somewhat augmented by the acci¬ 
dent of a fall in the area in the back part of his house, 
from which Jie received some hurt. From these circum¬ 
stances some'persons have affected to account for his re¬ 
signing the chair at the time when he did. But sir John 
Pringle was naturally of a strong and robust frame and 
constitution, and had a fair prospect of being well able 


to discharge the duties of his situation for many years to 
come, hud his spirits not been broken by the must cruel 
harassings and baitings in his office. His resolution to 
quit the chair originated from the disputes introduced 
into the Society, concerning the question, whether pointed ’ 
or blunt electrical conductors are tho most efficacious in 
preserving buildings from the pernicious effects of light¬ 
ning, and from the ciuel circumstances attending those 
disputes. '1 hesc drove him from the chair. Such of those 
circumstances as were open and manifest to every one, 
were even of themselves perhaps quite sufficient to drive 
him to that resolution. But there were yet others of a 
more private nature, which operated still more powerfully 
and directly to produce that event; which may probably 
hereafter be laid before the public. 

11 is intention of resigning however, was disagreeable to 
his friends, and the most distinguished members of the 
Society, who were many of them perhaps ignorant of the 
true motive for it. Accordingly, they earnestly solicited 
him to continue in the chair; hut, his resolution being 
fixed, he resigned it at the anniversary meeting in 1778, 
immediately on delivering the medu), at the conclusion 
of his speech, as mentioned above. 

Though sir John Pringle thus quitted his particular re¬ 
lation to the Royal Society, and did not attend its meet¬ 
ings so constantly as lie had formerly done, he still re¬ 
tained his literary connexions in general. His house con¬ 
tinued to be the resort of ingenious and philosophical 
men, whether of his own country, or from abroad ; and 
he was frequent in his visits to his friends. He was held 
in particular esteem by eminent and learned foreigners, 
none of whom came to England without waiting upon 
him, ami paying him the greatest respect. He treated 
them, in return, with distinguished civility and regard; 
When a number of gentlemen met at his table, foreigners 
were usually a part of the company. 

In 1780 sir John spent the summer on a visit to Edin¬ 
burgh ; as he dhl also that of 1781 ; where he wus treated 
with the greatest respect. In this last visit he presented to 
the Royal College of Physicians in that city, the result of 
many years labour, being ten folio volumes of Medical 
and Physical Observations, in manuscript, on condition 
that the y should neither be published, nor lent out of the 
library of the college on uny account whatever. He was 
at the same time preparing two other volumes, to be given 
to the university, containing the formulas referred to in his 
annotations. He returned again to London, and continued 
for some time his usual course of life, receiving and pay¬ 
ing visits to the most eminent literary men, but languishing 
and declining in his health and spirits, till the 18th of Ja¬ 
nuary 1782, when he died, in the 75th year of his age; 
the account of his death being every where received in a 
manner which showed the high sense that was entertained 

of his merit. W ' _ * 

Sir John Pringle’s eminent character as a practical phy¬ 
sician, ns well as a medical author, is so well known^nd 
so universally acknowledged, that an enlargement upon it 
cannot'bc necessary. In the exercise of his profession he 
was not rapucious; being ready, on various occasions, to 
give his advice without pecuniary views. The turn of his 
inind led him chiefly to the love of science, which he built 
on the firm basis of fact With regard to philosophy in 
general, he was as averse to theory, unsupported by expe¬ 
riments, as he was with respect to medicine in particular. 
Lord Bacon was his favourite author; and to the method 
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of investigation recommended by that great man, he stea¬ 
dily adhered. Such being his intellectual character, it 
will not be thought surprising that he had a dislike to 
Plato ; and that to metaphysical disquisitions he lost all 
regard in the latter part of his life. 

Sir John had no great fondness lor poetry : he had not 
even any distinguished relish lor the immortal Shake- 
spear: at least he seemed loo highly sensible of the de¬ 
fects of that illustrious bard, to give him the proper degree 
of estimation. Sir John had not in his youth been neglect¬ 
ful of philological inquiries, nor did he desert them in the 
last stages of his life, but cultivated even to the last a 
knowledge of the Greek language. Me paid a great at¬ 
tention to the French language ; and it is said that he was 
fond of Voltaire’s critical writings. Among all his other 
pursuits, he never forgot the study of the English lan¬ 
guage. This he regarded as a matter of so much conse¬ 
quence, that he took uncommon pains with regard to the 
style of his compositions; and it cannot be denied, that 
he excelled in perspicuity, correctness, and propriety of 
expression. His six discourses in particular, delivered at 
the annual meetings of the Royal Society, on occasion of 
the prize medals, have been universally admired as ele¬ 
gant compositions, as well as critical and learned disser¬ 
tations. And this characteristic of them, seemed to in¬ 
crease and heighten, from year to year : a circumstance 
which argues rather an improvement of his faculties, than 
any decline of them, and that even after the accident 
which it was pretended occasioned his descent from the 
president's chair. So excellent indeed were these compo¬ 
sitions esteemed, that envy used to asperse his character 
with the imputation of borrowing the hand of another in 
those learned discourses. Rut how false such aspersion 
was, I, and I believe most of the other gentlemen who had 
the honour of receiving the annual medal from his hands, 
can fully testify. For myself in particular, 1 can witness 
for the last, and perhaps the best, that on the theory and 
improvements in gunnery, having been present or privy to 
his composition of every part of it.—Though our author 
was not fond of poetry, he had a great affection for the 
sister art music : of this he was not merely an admirer, but 
became so far a practitioner in if, as to be a performer on 
the violoncello, at a weekly concert given by a society of 
gentlemen at Edinburgh. Resides a close application to 
medical and philosophical science, during the latter part 
of his life, he devoted much time to the study of divinity : 
this being with him a very favourite and interesting ob¬ 
ject. 

If, from the intellectual, wc pass on to the moral cha¬ 
racter of sir John Pringle, wc shall find that the ruling 
feature of it was integrity : and by this principle he was 
uniformly actuated in the whole of his conduct and beha¬ 
viour. He was equally distinguished for his sobriety, hav¬ 
ing been heard to declare, that he had never once in his life 
been intoxicated with liquor. In his friendships, he was 
ardent and steady. The intimacies which were formed by 
him, in the early part of his life, continued unbroken to the 
decease of the gentlemen with whom they were made ; 
and were kept up by a regular correspondence, and by all 
the good offices that lay in bis power. 

With regard to sir John's external manner of deport¬ 
ment, he paid a very respectful attention to those who 
were honoured with his friendship and esteem, and to such 
strangers as came to him well recommended. Foreigners 
in particular had good reason to be satisfied with the un- 


common pains which he look to show them every mark of 
civility and regard. Me had however at limes somewhat 
of a dryness and reserve in his biha\iour, which had the 
appearance of coldness; and tins was the case when he 
was not perfectly pleased with the persons who were intro¬ 
duced to him, or who happened to he in his company. 
His sense of integrity and dignity would not permit him' 
to adopt that false and superficial politeness, which treats 
all men alike, though ever so different in point of real 
estimation and merit, with the same show of cordiality and 
kindness. He was above assuming the profession, without 
the reality of respect. 

PRISM, in Geometry, is a body, or solid, whose two 
ends are any plane figures which are parallel, equal, and 
similar; and its sides, connecting those ends, art* paral¬ 
lelograms.— Hence, every section parallel to the ends, 13 
the same kind of equal and similar figure as the ends them¬ 
selves are; and the prism may be considered as generated 
by the parallel motion of this plane figure. 

Prisms take their several particular names from the 
figure of their ends. Thus, when the end is a triangle, it 
is a triangular prism ; when a square, a square prism ; 
when a pentagon, a pentagonal prism ; when a hexagon, a 
hexagonal prism; and so on. And hence the denomina¬ 
tion prism comprises also the cube and parallelopipedon, 
the former being a square prism, and the latter a rectan¬ 
gular one. And even a cylinder may be considered as a 
round prism, or one that has an infinite number of sides. 
Also a prism is said to be regular or irregular, according 
as the figure of its end is a regular or un irregular poly- 
gon. 

The axis of a prism, is the line conceived to be drawn 
lengthways through the middle of it, connecting the centre 
of one end with thut of the other end. 

Prisms, again, are either right or oblique. 

«• A Right Prism is that whose sides, and its axis, arc per¬ 
pendicular to its ends; like an upright tower. 

An Oblique Prism, is when the axis and sides arc oblique 
to the ends ; so that, when set upon one end, it inclines on 
one side, like an inclined tower. 

The principal properties of prisms, are, 

1. That all prisms are to one another in the ratio com¬ 
pounded of their bases and heights. 

2. Similar prisms are to one another in the triplicate 
ratio of their like sides. 

3. A prism is triple of a pyramid of equal base and 
height; and the solid content of a prism is found by mul¬ 
tiplying the base by the perpendicular height. 

4. The upright surface of a right prism, is equal to a 
rectangle of the same height, and its breadth equal to the 
perimeter of the buse or end. And therefore such upright 
surface of aright prism, is found by multiplying the peri¬ 
meter of the base by the perpendicular height. Also the 
upright surface of an oblique prism is found by multiply¬ 
ing the perimeter of the base by the slant height. And it 
to the upright surface be added the areas of the two ends, 
the sum will be the whole surface of the prism. 

Pats M, in Dioptrics, is a piece of glass in form of a tri¬ 
angular prism : which is much used in experiments con¬ 
cerning the nature of light and colours.—The use and 
phenomena of the prism arise from its sides not being pa¬ 
rallel to each other; whence it separates the rays of light 
in their passage through it, by coming through two sides 
of one and the same angle. 

The more general of these phenomena arc enumerated 
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and illustrated under the article Colour; which are suffi¬ 
cient to proven that colours do not either consist in the 
contorsion of the globules of light, as Descartes ima¬ 
gined ; nor in the obliquity of the pulses of the ethereal 
matter, as Hooke fancied ; nor in the constipation of light, 
and its greater or less concitation, as Dr. Barrow con¬ 
jectured ; but that they arc original and unchangeable 
properties of light itself. 

PRISMOID, is a solid, or body, somewhat resembling 
a prism, but that its ends arc any dissimilar parallel plane 
figures of the same number of sides; the upright sides 
being trapezoids.—If the ends of the pri.smoid be bounded 
by dissimilar curves, it is sometimes called a cylindroid. 

PROBABILITY of an Event, in the Doctrine of 
Chances, is the ratio of the number of chances by which 
the event may happen, to the number by which it may both 
happen and fail, bo that, if there be constituted a frac¬ 
tion, of which the numerator is the number of chances 
for the event's happening, and the denominator the number 
for both happening and failing, that fraction will properly 
express the value of the probability of the event's happen¬ 
ing. Thus, if an event have 3 chances for happening, and 

2 for failing, the sum of which being 5, the fraction \ will 
properly represent the probability of its happening, and 
may be taken to be the measure of it. The same thing 
may be said of the probability of failing, which will like¬ 
wise be measured by a fraction, whose numerator is the 
number of chances by which it may fail, and its denomi¬ 
nator the whole number of chances both for its happening 
and failing : so the probability of the failing of the above 
event, which has 2 chances to fail,and 3 to happen, will be 
expressed or measured by the fraction y. 

Hence, if there be added together the fractions which 
express the probability for both happening and failing, 
their sum will always be equal to unity or 1 ; since the 
sum of their numerators will be equal to their common 
denominator. And since it is a certainty that an-event 
will either happen or fail, it follows that a certainty, which 
may be considered as an infinitely great degree of proba¬ 
bility, is fitly represented by unity. If it be required, what 
the probability is of an event happening in two trials, then 
wc must estimate the probability of its failing twice, which 
taken from unity will be the probability of its happening. 
Thus if it was asked what is the probability of a person’s 
casting an ace in two throws with a die of 6 faces. Merc 
the probability of its fulling the first time is there being 

3 sides that may come up without the ace ; also the pro¬ 

bability of its failing the second throw is the same, there¬ 
fore J the probability of its fuiling both times, 

and consequently 44 — = t£ the probability of its 

coming up one time at least in two throws. This circum¬ 
stance is not readily comprehended by persons unskilled in 
the doctrine of chances; for, say they, the probability of 
its coming up the first time being •£> and the probability of 
its coming up the second time being also ■£, therefore the 
two chances together must be 4 + i = t # But ‘ n this 
they deceive themselves, since it is not certain that they 
will have to throw a second time. See Simpson’s or Dc- 
moivre’s Doctrine of Chances; also Bernoulli's Ars Con- 
jeetandi; Monmort’s Analyse des Jcux dc Hasard; or 
M. Dc Pnrcieu’s Essais sur les Probabilitcs de la Vic hu- 
rnainc. See also Chances, Expectation, and Ga¬ 
ming. 

Probability of Life . See Expectation of Ltfc, and 
Li fe •Annuities. ^ 


PROBLEM, in Geometry, is a proposition in which 
some operation or construction is required. As, to bisect 
a line, to make a triangle, to raise a perpendicular, to draw 
a circle through three points, &c. A problem, according 
to Wolfius, consists of three parts : The proposition, w hich 
expresses what is to be done ; the resolution or solution, 
in which arc orderly rehearsed the several steps ot the pro¬ 
cess or operation ; and the demonstration, in which it is 
shown, that by doing the several things prescribed in the 
resolution, the thing required is obtained. 

Problem, in Algebra, is a proposition which requires 
some unknown truth to bq investigated or discovered ; and 
the truth of the discovery demonstrated. 

Problem, Kepler's. Sec Kepler's Problem. 

Problem, Determinate , Diophanline , Indeterminate , Li - 
mi ted, linear, Local, Plane , Solid , Sursolid , and Unlimited . 
See the adjectives. 

Deliacal Problem, in Geometry, is the doubling of a 
cube. This amounts to the same thing as the finding ol 
two mean proportionals between two given lines : whence, 
this also is called the Deliacal Problem. See Duplica¬ 
tion. 

PROCLUS, an eminent philosopher and mathematician 
among the later Platonists, was born at Constantinople in 
tlie year 410, of parents who were both able and willing 
to provide for bis instruction in all the various branches 
of learning and knowledge, lie was first sent to Xanthus, 
a city of Lycia, to learn grammar: from thence to Alex¬ 
andria, where he was under the best masters in rhetoric, 
philosophy, and mathematics: and from Alexandria lie 
removed to Athens, where he attended the younger Plu¬ 
tarch, and Syrian, both of them celebrated philosophers, 
lie succeeded the latter in the government of the Platonic 
school at Athens ; where he died in 485, at 75 years of age. 

Marinus of Naples, who was his successor in the school, 
wrote his life; the first perfect copy of which was pub¬ 
lished, with a Latin version and-notes, by hnbricius at 
Hamburgh, 1700, in 4to; and afterwards subjoined to his 
Bibliotheca Latina, 1703, in Svo. Marinus was also au¬ 
thor of a learned commentary on Euclid’s Data. 

Proclus wrote a great number of pieces, and on many 
different subjects ; as, commentaries on philosophy, mathe¬ 
matics, and grammar; on the whole works of Homer, He¬ 
siod, and Plato’s books of the republic: he wrote also on 
the construction of the Astrolabe: but many ol his pieces 
are lost; some have been published; and a few remain 
still in manuscript only. Of the published, there are four 
very elegant hymns; one to the Sun, two to Venus, and 
one to the Muses. There arc commentaries on several 
pieces of Pluto ; on the four books of Ptolemy’s work Dc 
Judiciis Astrorum ; on the first book of Euclid s Elements; 
and. on Hesiod’s Opera ct Dies. There arc also works of 
Proclus on philosophical and astronomical subjects; par¬ 
ticularly the piece Dc Sphcra, which was published, 1620, 
in 4to, by Bainbridge, the Savilian professor of astronomy 
at Oxford. He wrote also 18 arguments against the 
Christians, which arc still extant, and in which lie attacks 
them on the question, whether the world be denial ? the 
affirmative of which he maintains. 

The character of Proclus is the same as that of all the 
later Platonists, who it seems were not less enthusiasts and 
madmen, than the Christians their contemporaries, whom 
they resembled in this respect. Proclus was not reckon¬ 
ed quite orthodox by his own order: he did not adhere so 
rigorously, as Julian and Porphyry, to thd doctrines and 
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principles of his master; “He had,*’ says Cudworth, 

‘‘ some peculiar fancies and whimsies of Ins own, and was 
indeed a confounder of the Platonic theology, and a min- 

cler of much unintelligible stuff with it. 

PROCVON, in Astronomy, a fixed star, of the second 

magnitude, in Canis Minor, or the Little Dog. 

PRODUCING, in Geometry, denotes the continuing a 
line, or drawing it farther out, till it have an assigned 

length. 

PRODUCT, in Arithmetic, or Algebra, is the quantity 
arising from, or produced by, the multiplication of, two 
or more numbers &c together. Thus, 48 is the product 
of 6 multiplied by S.—In multiplication, unity is in pro¬ 
portion to one factor, as the other factor is to tiic product. 

So 1 : 6 : : S : 48. 

In algebra, the product of simple quantities is exp less¬ 
ee! by joining the letters together like a word, and prefix¬ 
ing the product of the numeral coefficients: So the pro¬ 
duct of a and b is ab, of 3a and 4 be is 12n6c. Rut the 
product of compound factors or quantities is expressed by 
setting the sign of multiplication between them, and bind- 
in- each compound factor in a vinculum : so the product 
„ f oa -+- 3 b and « — 4c is (2« ■+■ Sb) x (« — 4c). 

In geometry, a rectangle answers to a product, its length 
and breadth being the two factors; because the numbers 
expressing the length and breadth being multiplied toge¬ 
ther, produce the content or area of the rectangle. 

The term product, or continual product, is also some¬ 
times used when the factors are more than two. 

In algebra there are several curious properties relating 
to the particular forms of the product of certain formula*, 
which arc of great importance in the theory of numbers, 
and the indeterminate analysis; the most remarkable o 
which arc as follows: 

1. The product of a sum of two squares by double a 

square, is also the sum of two squares. . , 

For (x* -r- y l ).. *2; 2 = (x y) 1 • *’ ■+• (* “ jO • 2 * 

2. The product of the sum of two squares, by the sum 
of two squares, 1 is itself the sum of two squares. ? 

For (x 1 y 1 ) . (x 1 i- y' 1 ) = | or (JJr -#/)* (xy-+-x£) 2 

The product may therefore be divided into two squares 
two different ways. And if this product be again multi¬ 
plied by the sum of two squares, the product may be di¬ 
vided into two squares four different ways; and so on. 

3. The product of the sum of three squares by the sum 
of two squares, is the sutn ol four squares. 

For (x* y- + z 1 ) x (x“ -+- y 11 ) = 

(xx' + yy'Y -s- (xy - x'y)* + + Z W‘- , , _ 

4. The product of the sum of four squares by double a 
square, is also the sum of four squares. 

For (x* y 1 + z % + w*) . 2z* = 

z J ((x -+- yY ■+■ (X - yY + (z *>)* (z - »)*) = 

z*(x y) 2 z* (x - y) 2 z 2 (z W) 2 -H z 2 (z - to) 2 . 

5. The product of the sum of four squares, by the sum 
of four squares, is itself the sum of four squares. 

For (tii* + I s + y* + z 2 ) • («»' 2 x' 2 -i- y* -t- z 2 ) 

— r u xv' xT -+- yy -*■ zx')* -+- ( tox'-xid' yz' — ty )* 

(wJ — xt — yu> «')* («>*' *y ~y x ' ~ 

6 . The two formula; x* ■+■ y 2 -+- z* and x'* 4- y 2 ■+■ 2z' 2 
are so related to each other, that double the one produces 

For2G*(x* -*■ y* **) = 2x9 + = 

H H- (X - yY - 2X 2 ; and 2 (x'* h- y 2 - 2z 2 ) = 

2 /* + 2y' 2 ^ 4z' 2 = (.x +!/)*■*• (* — jO* Az *• 
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The truth of the above theorems will be seen immedi¬ 
ately by the dcvelopcnient of each respective formula. 

PROFILE, in Architecture, the figure or draught of a 
building, fortification, or the like; in which are expressed 
the several heights, widths, and thicknesses, such as they 
would appear, were the buildingcut down perpendicularly 
from the roof to the foundation. Whence the profile is 
also called the section, and sometimes the orthographical 
section; and by Vitruvius the sciography. In this sense, 
profile amounts to the same thing with elevation; and so 
stands opposed to a plan or ichnography. 

Profile is also used for the contour, or outline of a 
figure, building, member of architecture, or the like ; ns 


gate, _ 

a base, a cornice, &c. 


PROGRESSION, an orderly advancing or proceeding 
in the same manner, course, tenor, proportion, &c. 

Progression is either arithmetical, geometrical, or har- 
monical. 

Arithmetical Prog ression, is a series of quantities pro¬ 
ceeding by continued equal differences, either increasing 

or decreasing. Thus, 

increasing 1, 3, 5, 7, 9* or 

decreasing 21, IS, 15, 12, 9* 

‘where the former progression increases continually by the 
common difference 2, and the latter decreases continually 
by the common difference 3. 

1. And hence, to construct an arithmetical progression, 
from any given first term, with a given common difference; 
add the common difference to the first term, to give the 
2d ; to the 2d, to give the 3d; to the 3d, to give the 4th ; 
and so on ; when the series is ascending or increasing : but 
subtract the common difference continually, when the se¬ 
ries is a descending one. 

2. The chief property of an arithmetical progression, 
and which arises immediately from the nature ol its con¬ 
struction, is this; that the sum of its extremes, or first 
and last terms, is equal to the sum of every pair of inter¬ 
mediate terms that are equidistant from the extremes, or 
to the double of the middle term when there is an uneven 


number of the terms. 

Thus, 1, 

3, 

5, 

7, 

9. 

ii. 

13, 

13, 

n_. 

Jh. 

7. 

5, 

JL 

1. 

Sums 14 

14 

14 

14 

14 

14 

14, 


UUIIU * » . » “ ” ■ - 

where the sutn of every pair of terms is 14. 

Also, a, a d, a ■+■ 2 d, a •+■ 3d, a 

a ■+■ 4 d, a •+■ 3d, a ■+■ 2d, a d, a 


\d. 


sums 2 a -*■ 4 d, 2 a 4 d, 2« 4 d, 2a 4 d, 2 a 4 d. 

3. And hence it follows, that double the sum of all the 
terms in the series, is equal to the sum of the two extremes 
multiplied by the number of the terms ; and consequently, 
that the single sum of all the terms of the series, is equal 
to half the said product. So the sum of the 7 terms, I, 
3, 5, 7, 9, 11. 13. is (l + 13) * x = V * 7 = 49- 

And the sum of the five terms 

a, a -f- d, a h- 2d, a -+- 3d, a -+- U, is (2a + 4 d) x 

4. Hence also, if the first term of the progression be 0, 
the sum of the series will be equul to half the product oi 
the last term multiplied by the number of terms : i. e. the 

sum of . . , 

0 ■+■ d -t- 2d -+- 3d 4 d .(« — l)rf = -Jn . (n — l)rf, 

where n is the number of terms, supposing 0 to be one of 
them. That is, in other words, the sum of an arithmeti¬ 
cal progression, whether finite or infinite, whose first term 
is 0, is to the sum of as many times the greatest term, in 
the ratio of 1 to 2. 
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5. In like manner, the sum of the squares of the terms 
of such a series, beginning at O, is to the sum of as many 
terms each equal to the greatest, in the ratio of 1 to 3. And 
*6. The sum of the cubes of the terms of such a series, 
is to the sum of as many times the greatest term, in the 
ratio of 1 to 4. 

7. And universally, if every term of such a progression 
be raised to the m power, then the sum of all those powers 
will be to the sum of as many terms equal to the greatest, 
in the ratio of l to w + 1. That is. 


the sum 0 -+■ 
is to / m -+■ 
in the ratio of 1 to m 


a 


d 

/m 


2 d 




1. 


t = a -f- (n 


i —- 

— 

-l 

1 — 

— 

-1 

d ’ 

2f 



n 


d = 

25 



8 . A synopsis of all the theorems, or relations, in an 
arithmetical progression, between the extremes or first and 
last term, the sum of the series, the number Qf terms, and 
the common difference, is as follows: 
viz, if a denote the least term, 
z the greatest term, 
d the Common difference, 
n the number of terms, 
s the sum of the series; 

then will each of these five quantities be expressed in terms 
of the others, as below r 


n — 1 
2 

n — 1 


d = y/((ld -f- z)' - 2*) -4- id. 


n 


d = 


z — a 


n — I 


s — na 
n — l 


n 


r tz — * 


n — 


n 

0 

n 


d = - a)' + 2 ds) - id. 


* 4- a . z — a 


z — a 


n =z 


3 = 


-4- 1 = 


25 


Qj — a — z 

_ 1'/ — a -4- — a * -4- *ds ) _ \ d -4- Z — */((\d -4- z) 9 — *di) 

i d _ ' d 


n t 


n = 


t — a + d a,* + fn - |W 


*2 2 d 

And most of these expressions will become much simpler 
if the fir*t term be 0 instead of <i. 

Geometrical Progression, is a scries of quantities pro¬ 
ceeding in the same continual ratio or proportion, either 
increasing or decreasing ; or it is a series of quantities that 
are continually proportional; or which increase by one 
common multiplier, or decrease by one common divisor; 
which common multiplier or divisor is called the common 
ratio. As, 

increasing, 1, 2# 4, 8, 16, &c, 

decreasing, 81, 27, D> 3* 1, &c; 

where the former progression increases continually by the 
common multiplier 2, and the latter decreases by the com¬ 
mon divisor 3. 

Or ascending, a, ra, .r*a, T*a, &c, 
or descending, a, , &c; 

where the first term is a, and common ratio r. 

1. Hence, the same principal properties obtain in a geo¬ 
metrical progression, as have been remarked of the arith¬ 
metical one, using only multiplication in the geoinetricals, 
for addition in the nritlimcticuls, and division in the for¬ 
mer for subtraction in the latter. So that, to construct 
n geometrical progression, from any given first term, with 
a given common ratio; multiply the 1st term continually 
by the common ratio, lor the rest of the terms when the 
6eries is an ascending one; or divide continually by the 
common ratio, when it is a descending progression. 

2. In every geometrical progression, the product of the 
extreme terms, is equal to the product of every pair of 
the intermediate terms that are equidistant from the ex¬ 
tremes, and also equal to the square of the middle term 
when there is a middle one, or an uneven number of the 
terms. 

. Thus, 1, 2, 4, 8, l6, 

‘ 16 8 4 2 1 

16 16 16 16 10 

H«, r*a, r*a, 
ra 


n = 


— (n — \)d 


n. 


a a 

to the first term multiplied, or divided, by the ratio raised 
to the power whose exponent is less by 1 than the number 
of terms in the series; so z = ar a ~' when the series is an 

ascending one, or z = — -_ t > when it is a descending pro¬ 
gression. 

4. As the sum of all the antecedents, or all the terms 
except the least, is to the sum of all the consequents, or 
all the terms except the greatest, so is 1 to r the ratio. For, 
if a -+- ra r^a r J a be all except the last, 

then ra -+- r*« ■+• r*a -+- Ha are all except the first; 
where it is evident that the former is to the latter as 1 to 
r, or the former multiplied by r gives the latter. So thut, 
2 denoting the last term, a the first term, and r the ratio, 
als6 s the sum of all the terms; then s — z : s — a : : 1 : 
r, or * — a = (s — z)r. And from this equation all the 
relations umong the four quantities a, z, r, s, nre easily de¬ 
rived ; such as s = y; viz, multiply the greatest terra 

by the ratio, subtract the least term from the product, 
then the remainder divided by 1 less than the ratio, will 
give the sum of the scries. And if the least term a be 0, 
which happens when the descending progression is infinite¬ 
ly continued, then the sum is barely -p--. As in the in¬ 
finite progression t -f- | -*■ $ -f- f &c, where 8=1, and 


rx 


= r =2. 


prod. 

Also 


prod 

3. The lost term of a geometrical progression, is equal 



r = 2, it is * or 

r — 1 a — i 

5. The first or least term of a geometrical progression, 
is to the sum of all the terms, as the ratio minus 1, to 
the n power of the ratio minus 1 ; that is a : * : : r— 1 ; 
r* — 1. * 

Other relations among the five quantities a, z, r, n, 1 , 
where 

w 

a denotes the least term, 

8 the greatest term, 
r the common ratio, 
n the number of terms, 

« the sum of the progression, 
are as below ; viz, 

o = -4r- = zr - (r - l)s = « 
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z = ar 


0-1 


a + (r — 1 


r 


— I 

— 1 


tr 


n-i 


r = = -C/ 


1 r= 
log. — 

3 a 

tl =i- 

log.r 


l°g- 


a 

+ (' - 


1 >1 


a 


I <>2 


rr 


— IS 


l 5 — " 

102.- 


a 


lug.r 




s — <i 

^‘7=1 


S = 


rz — a 


— 1 


f o _ 1 


-a 


w — I r - l r — 1 

And the other values ot o, : 
from those equations, viz, 

(j - c)°- 1 s = (5 - o)“-' 
s 


r M “*~ ° -^/1 — u 

and r are to be found 


« 


r n - ~ 

a 

7 s1 — 


<2 * 


.o- 1 _ 


Harmonica ! PitocutssioN, is a continued scries of 
terms in harmonical proporifon. '1 he reciprocals of an 
arithmetical progression form an harmonical progression. 
Thus, the reciprocals of the arithmetical series 1, 2.3,4, 
5, 6, &C give i. bbb 7• i> &c * fo ral ‘ harmonical scries. 
For other kinds of Progression, see Proportion, and 

Series. 

PROJ FCTILIi, in Mechanics, is any body which, being 
put into a violent motion by an external force impressed 
upon it, is dismissed from the agent, and left to pursue its 
course Such ns a stone thrown out of the band or a 
slin*', an arrow from a bow, a ball from a gun, &c. 

PROJECTILES, the science of the motion, velocity, 
flight, range, &c, of a projectile put into violent motion by 
some external cause, as the force of gunpowder,&c. Ibis 
is the foundation of gunnery, under which article may be 
found all that relates peculiarly to that branch. 

All bodies, being indifferent as to motion or rest, will 
necessarily continue in the state they are put into, except 
so far as they arc retarded, and forced to change it by some 
new cause. Hence, a projectile, put in motion, must con¬ 
tinue eternally to move on in the same right line, and with 
the same uniform or constant velocity, were it to meet 
with no resistance from the medium, nor had any force of 
gravity to encounter. 

In the first case, the theory of projectiles would be very 
simple indeed ; for there would be nothing more to do, 
than to compute the space passed over in a given time by 
a given constant velocity; or either of these, from the 

other two being given. . . 

But by the constant action of gravity, the projectile is 

continually deflected more and more from its right-lined 
course, and that with an accelerated velocity; which, 
being combined with its projectile impulse, causes the 
body to move in a curvilincal path, with a variable motion, 
which path is the curve of a parabola, as will be proved 
below; and the determination of the range, time of flight, 
angle of projection, and variable velocity, constitutes what 
is usually meant by the doctrine of projectiles, in the com¬ 
mon acceptation of the term. 

What is said above however, is to be understood of pro¬ 
jectiles moving in a non-resisting medium ; for when the 
resistance of the air is also considered, which is enor¬ 
mously great, and which very much impedes the first pro- 
iectilc velocity, the path deviates greatly from the parabo¬ 
la, and the determination of the circumstances of its mo¬ 
tion becomes one of the roost complex and difficult pro¬ 
blems in natifrc. 
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In the first place therefore it will be propel- to consider 
the common doctrine o! projectiles, or that on the para¬ 
bolic theory, or as depending only on the nature of gravity 
and the projectile motion, as attracted trom the resist¬ 
ance of the medium. 

About 300 years ago, philosophers took the line de¬ 
scribed by a body projected horizontally, such as a bullet 
out of a cannon, while the force ot the powder greatly 
r» exceeded the weight of the bullet, to be a right line, alter 
which they allowed it became a curve. Nicholas I artaglia 
was the first who perceived the mistake, maintaining that 
the path of the bullet was a curved line through the whole 
of its extent. Bui il was Galileo who first determined 
what particular curve it is that a projectile describes ; 
showing that the path of a bullet projected horizontally 
from an eminence, was a parabola ; the vertex of which is 
the point where flic bullet quits the cannon. And the 
same is proved generally, in the 2d section following, when 
the projection is made in any direction whatever, viz, that 
the curve is always a parabola, supposing the body moves 
in a non-resisting medium, and that gravity acts upon it in 
lines parallel to each other. — It is true, that this is not ac¬ 
curately the case, because this force always tends to the 
centro of gravity of the earth ; but the inclination of these 
lines is too trifling to affect the parabolic theory of pro¬ 
jectiles. 

The Isiws of the Motion of Projectiles. 

I. If a heavy body be projected perpendicularly, it will 
continue to ascend or descend perpendicularly ; because 
both the projecting and the gravitating torce are found in 

the same line of direction. ' 

II. If a body be projected in free space, either parallel 

to the horizon, or in any oblique direction; it will, by 
this motion, in conjunction with the action ot gravity, de¬ 
scribe the curve line of a parabola. 




- For let the body be projected from a, in the direction 
ad, with any uniform velocity ; then in any equal portions 
of lime it would, by that impulse alone, describe the equal 
spaces AD, DC, CD, &c in the line ad, ,f it were not drawn 
continually down below that line by the action of gravity. 
Draw de, CF, do, &c, in the direction of gravity, or per¬ 
pendicular to the horizon ; and lake be,cf, do, 6jc, equal 
to the spaces through which thebody would descend by its 
cravity in the same times in which it would umlormly pass 
over the spaces ab, ac, a Dj &c, by the projectile motion. 
Then, since by these motibns, the body is carried over the 
space’ ab in the same time as the space bp., and the space 
ac in the same time as the space cf, and the space ad in 
the same time as the space do, &c ; therefore, by the com¬ 
position of motions, at the end of those times the body 
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will be found respectively in the points E, r, c, &c, and 
consequently the real path of the projectile will be the 
curve line aefg&c. But the spaces ab, ac, ad, &c, 
being described by uniform motion, are as the times of 
description ; and the spaces bf., cf, dg, ^c, described in 
the same times by the accelerating force ol gravity, are as 
the squares of the times; consequently the perpendicular 
descents are as the squares ot the spaces in ad, 
that is - - ns, cf, do, &c, 

are respectively proportional to ab', ac 1 , ad', &cc, 
which is the same as the property of the parabola. There¬ 
fore the path of the projectile is the parabolic line AF.ro 
&cc, to which ad is a tangent at the point a. 

llencc, 1. The horizontal velocity of a projectile is al¬ 
ways the same constant quantity, in every point of the 
curve ; because the horizontal motion is in a constant ra¬ 
tio to the motion in ad, which is the uniform projectile 
motion ; viz, the constant horizontal velocity being to 
the projectile velocity, as radius to the cosine of the angle 
da it, or angle of elevation or depression of the piece above 
or below the horizontal line ah. 

2. The velocity of the projectile in the direction of the 
curve, or of its tangent, at any point a, is as the secant of 
its angle bai of direction above the horizon, l or the 
motion in the horizontal direction ai being constant, and 
a i being to ab as radius to the secant of the angle a; 
therefore the motion at a, in ab, is as the secant of the 
angle a. 

3. The velocity in the direction no of gravity, or per¬ 
pendicular to the horizon, at any point o of the curve, is 
to the first uniform projectile velocity at a, as 2g n to ad. 
For the times of describing ad and dg being equal, and 
the velocity acquired by freely dosccudmg through do 
being such as would carry the body uniformly over twice 
dg in an equal time, and the spaces described with uniform 
motions being as the velocities, it follows that the space 
ad is to the space 2dg, as the projectile velocity at a is 
to the perpendicular velocity at o. 

III. The velocity in the direction of the curve, nt any 
point of it, as a, is equal to that which is generated by 
gravity in a body freely descending through a space which 
is equal to onc-fourth of the parameter of the diameter 
to the parabola at that point. 



tangent ac, or the velocity acquired by falling through 
that height; and complete the parallelogram acdb. Then 
is cd = ab or ap the height due to the velocity in the 
curve at a ; and cd is also the height due to the perpen¬ 
dicular velocity at d, which will therefore be equal to the 
former : but, by the last corollary, the velocity at A is to 


the perpendicular velocity at D, as ac to 2cn; and as these 
velocities are equal, therefore ac or no is equal to 2 cd or 
2 ab ; and hence ab or ap is equal to inoor { of the pa¬ 
rameter of the diameter All by the nature of the parabola. 

Hence, 1. ll through the point r, the line pl be drawn 
perpendicular to ap ; then the velocity in the curve at 
every point, w ill be equal to the velocity acquired by fall¬ 
ing through the perpendicular distance of the point from 
the said line pl ; that is, a body falling freely through 
pa, acquires the velocity in the curve at a, 
f.f, - - - at F . 

K n, - - at d, 

Lit, - - - at it. 

The reason of which is, that the line pi. is what is called 
the directrix of the parabola, the property of which is, 
that the perpendicular to it, from every point of the curve, 
is equal to one-fourth of the parameter of the diameter at 
that point, viz, 

pa = i the parameter of the diameter at a, 

ef = - - * al F » 

kd= - • .at I), 

lii = - - “ at it. 

2. If n body, after falling through the height pa, which 
is equal to ab, and when it arrives at a if its course be 
changed, by reflection from a firm plane ai, or otherwise, 
into any direction ac, without altering the velocity ; and 
if ac be taken equal to 2 ap or 2 a n, and the parallelogram 
be completed ; the body will describe the parabola passing 
through the point D. 

3. Because ac = 2ab or2cD or 2 ap, therefore ac' == 
2ap . 2cd or ap . 4cd; mid because all the perpendicu¬ 
lars ef, cd, on arc as ae‘, ac 1 , ag* ;• therefore also ap . 
4ff = ae 4 , and ap . 4on = ac 4 , &c; and because the 
rectangle of the extremes is equal to the rectangle of the 
means, of four proportionals, therefore it is always, 

and ap : ap. : : ae : 4ek, 
and ap : ac : : ac : 4cn, 
and ap : ac. : : ag : 4gh ; 
and so on. 

IV. Having given the direction of a projectile, ami the 
impetus or altitude due to the first velocity; to determine 
the greatest height to which it will rise, and the random or 
horizontal range. 

Let ap be the height due to the projectile velocity at 
a, or the height which a body must fall to acquire the 
same velocity as the pro¬ 
jectile has in the curve at 
a ; also ag the direction, 
and ah the horizon. Upon 
ao let fall the perpendicu¬ 
lar fq, and on ap the per¬ 
pendicular qn ; so shall a R 
be equal to the greatest al¬ 
titude cv, and 4 rq equal to 
the horizontal range An. 

Or, having drawn tq perpendicular to ag, take ag — 
4aq, and draw gh perpendicular, to Alt; then ah is the 

range. 

For by the last cor. - • - ap : ao :: ag : 4oh, 
and by sim. triangles, - - ap : ao : : aq: gh, 

or ap : ao : : 4aq: 4oh; 

therefore ag = 4aq; and, by similar triangles, An = 

4rq. , \ . 

Also, if v be the vertex of the parabola, then ab or 
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}ag = 2aq, or aq = qb; consequently ar = bv which 
is = cv by the nature of the parabola. 

Hence, 1 . Because the angle q is a right angle, which 
is the angle in a semicircle, therefore if upon ap as a 
diameter a semicircle be described, it will pass through 
the point q. 



2. If the horizontal range and the projectile velocity 
be given, the direction of the piece so as to strike the ob¬ 
ject ii will be easily found thus: Take ad = {aii, and 
draw dq perpendicular to ah, meeting the semicircle de¬ 
scribed on the diameter ap in Q and q; then cither aq or 
Aq will be the direction of the piece. And hence it ap¬ 
pears, that there arc two directions ab and a6 which, 
with the same projectile velocity, give the very same ho¬ 
rizontal range ah ; and these two directions make equal 
angles q k d and qap with ah and at, because the arc pq 
is equal to the arc \q . 

3. Or if the range ah and direction ab be given; to 
find the altitude and velocity or impetus: Take ad = 
{ah, and erect the perpendicular dq meeting a Bin q ; 
so shall dq be equal to the greatest altitude cv. Also 
erect ap perpendicular to ah, and qp to aq ; so shall ap 
be the height due to the velocity.. 

4. When the body is projected with the same velocity, 
but in different directions; the horizontal ranges aii will 
be as the sines of double the angles of elevation. Or, 
which is the same thing, as the rectangle of the sine and 
cosine of elevation. For ad or rq, which is {ah, is the 
sine of the arc aq, which measures double the angle qad 
of elevation. 

And when the direction is the same, but the velocities 
different, the horizontal ranges are as the square of the ve¬ 
locities, or as the height AP'which is as the square of the 
velocity ; for the sine ad or rq, or {ah, is as the radius, 
or as the diameter ap. 

Therefore, when both arc different, the ranges arc in the 
compound ratio of the squares of the velocities, and the 
sines of double the angles of elevation. 

5. The greatest range is when the angle of elevation is 
half a right angle, or 45°. For the double of 45 is 90°, 
which has the greatest sine. Or the radius os, which is { 
of the range, is the greatest sine. 

And hence the greatest range, or that at an elevation of 
45 °, is just double tbc altitude ap which is due to the 
velocity. Or equal to 4vc. And consequently, in that 
case, c is the focus of the parabola, and ah its parameter. 
And the ranges arc equal at angles equally above and be¬ 
low 45°. 

6. When the elevation is 15°, the double of which, or 
30 °* having its sine equal to half the radius, consequently 
its range will be equal to ap, or half the greatest range at 

Vo l. II. 


the elevation of 45° ; that is, the range at 15° is equal to 
the impetus or height due to the projectile velocity. 

7. 1 he greatest altitude cv, being equal to ar, is as the 
versed sine of double the angle of elevation, and also as 
ap or the square of the velocity. Or as the square of the 
sine of elevation, and the square of the velocity ; for the 
square of the sine is as the versed sine of the double angle. 

8. The time of flight of the projectile, which is equal to 
the time of a body falling freely through on or 4cv, 4 
times the altitude, is therefore as the square root of the 
altitude, or as the projectile velocity and sine of the ele¬ 
vation. 

9. And hence may be deduced the following set of theo¬ 
rems, for finding all the circumstances relating to pro¬ 
jectiles on horizontal planes, having any two of them 
given. Thus, let 

s, c y e = sine, cosine, and tang, of elevation, 
s, p = sine and vers, of double the elevation, 

R the horizontal range, t the time of flight, v the projectile 
velocity, 11 the greatest height of the projectile, g = 16'-^ 
feet, and a = the impetus or the altitude due to the velo¬ 
city v. Then, 

a = 2as = 4asc - — = = 


v = y/tag = v /^ = J*— = *- = 

^ S ^ sc s s 

T=‘-i = 2 V i =v/ ii = v /^ = -v?. 


s i t 

rrr i\/en 


h = os* = inv = 'm = -- = - = — = —. 

* 4C 4g Sg 4 

And from any of these, the angle of direction may be 
found. 

V. To determine the range on an oblique plane; having 
given the impetus or the velocity, and the angle of di¬ 
rection. 

Let ae be the oblique plane, at a given angle above or 
below the horizontal plane aii ; ag the direction of the 
piece; and ap the altitude due to the projectile velocity 
at a. 



By the last prop, fiad the horizontal range aii to the 
given velocity and direction; draw he perpendicular to 
aii meeting the oblique plane in e; draw ep parallel 
to the direction ag, and fi parallel to iie; so shall 
the projectile pass through I, and the range on the 
oblique plane will be ai. This is evident from prob. 17 
of the parabola in my Treatise on Conic Sections, where 
it is proved, that if ah, ai be any two lines terminated at 
the curve, and if, he be parallel to the axis; then is ef 
parallel to thq tangent ag. 

Hence, 1. If ao be drawn perpendicular to the plane 
ai, and ap be bisected by the perpendicular sto ; then 
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with the centre o 
describing a circle 
through a and p, the 
same will also pass 
through </, because 
the angle g ai, formed 
by the tangent AG 
and a i, is equal to 
the angle ap 7 , which 

will therefore stand upon the same nrc \q. 

2. If there be given the range and velocity, or the im¬ 
petus, the direction will then be easily found thus : Take 
\k = I At) draw kq 
perpendicular to 
Ail, meeting the 
circle described 
with the radius ao 
in two points q and 
q ; then A q or A q 
will be the direc¬ 
tion of the piece. 

And hence it ap¬ 
pears that there 
are two directions, 
which, with the same impetus, give the very same range 
ai, on the oblique plane. And these two directions make 
equal angles with ai ami ap, the plane and the perpendi¬ 
cular, because the arc P 7 = the arc a q. They also make 
equal angles with a line drawn from a through s, because 
the arc s <7 = the arc s q. 

3. Or, if there be given the range ai, and the direc¬ 

tion \q\ to find the velocity or impetus. Take a k = 
\ai, and erect kq perpendicular to ah meeting the line of 
direction in 7 ; then draw q p making the angle Aqv = 
the angle a kq; so shall ap be the impetus, or altitude 
due to the projectile velocity. ' 

4. The range on an oblique plane, with a given eleva¬ 
tion, is directly as the rectangle of the cosine of the direc¬ 
tion of the piece above the horizon and the sine of the di¬ 
rection above the oblique plane, and reciprocally as the 
square of the cosine of the angle of the plane above or be-, 
low the horizon. 

For put s = sin. Z. q At or Avq, 

c = cos. z. 7 ah or sin. pa 7 , 
c = cos. Z. aim or sin. a kd or Akq or Aqv. 
Then, in the tri. a fry, - - - c : s 1 : ap : A 7 , 
and in the tri. Akq, - - - c : c : : Aq : a k, 
therefore by compos. - - - c 3 : cs: : ap : Ak = £ai. 

So that the oblique range ai = ^ x 4 at. 

Hence the range is the greatest when Ak is the greatest, 
that is when kq touches the circle in the middle point h, 
and then the line of direction passes through s, and bi¬ 
sects the angle formed by the oblique plane and the ver¬ 
tex. Also the ranges are equal at equal angles above and 
below this direction for the maximum. 

5. The greatest height cv or kq of the projectile, above 

the plane, is equal to — x ap. And therefore it is as 

the impetus and square of the sine of direction above the 
plane directly, and square of the cosine of the plane's in¬ 
clination reciprocally. 

For c (sin. Aqv) : * (sin. wq) : : ap : a 7 , 

and c (sin. Akq) : 3 (sin. Aa?) : : aj : kq, 

therefore by comp, c®: a®: ; ap : kq. 




6. The time of flight in the curve afi is = 

where g = 16-^ feet. And therefore it is as the ve- 
locity and sine of direction above the plane directly, 
and cosine of the plane’s inclination reciprocally. For 
the time of describing the curve, is equal to the time of 

falling freely through gi or 4^7 or -^7 x ap. Therefore, 

the trine being as the square root of the distance, */g : 

?*/a? : : l n : — a/— the time of flight, 
c v c ^ g 

7. From the foregoing corollaries may he collected the 
following set of theorems, relating to projectiles made 
on any given inclined planes, either above or below the 
horizontal plane. In which the letters denote as before, 
namely, 

c = cos. of direction above the horizon, 
c = cos. of inclination of the plane, \ 

s = sin. of direction above the plane, 
r the range on the oblique plane, 

T the time of flight, 

v the projectile velocity, 

ii the greatest height above the plane, 

a the impetus, or alt. due to the velocity v. 


g = l 6 T x feet. Then 

= 7 * - = V? = T*’ 


zr 


R = 




M “ 4 5 C 


AC 


AC 

= —II. 

S 


V = J\ag = Wt, = T t= TV'S u * 

T = V- = - = = v ? - 

C V g gc v g‘ , S 

And from any of these, the angle of direction may be 

found. • i n • 

Of the Path qf Projectiles as depending on the Kcsuluncc 

of the Air. 

For a long time after Galileo, philosophers seemed to 
be satisfied with the parabolic theory of projectiles, deem¬ 
ing the effect of the air’s resistance on the path os of no 
consequence. In process ot time however, as the true 
philosophy began to dawn, they began to suspect that the 
resistance of the medium might have some effect on the 
projectile curv., and they set themselves to consider this 

subject with some attention. . , 

Huygens, supposing (hat the resistance of the air was 
proportional to the velocity of the moving body, concluded 
that the line described by it would be a kind of logarith¬ 
mic curve. . , , . . 

But Newton, having clearly proved, thnt the resistance 

to the body is not proportional to the velocity itself, but 
to the square of it, shows, in his Principja, that the lino 
a projectile describes, approaches nearer to an hyperbola 
than a parabola. Schol. prop. 10, lib. 2. Thus if Aok be 
a curve of the hyperbolje 
kind, one of whose asymp¬ 
totes is nx, perpendicular to "V* 

the horizon ak, and the 
other ix inclined to the 
same, where to is recipro¬ 
cally as dn", whose index is 
n: this curve will nearer re¬ 
present the path of a projec¬ 
tile thrown in the direction 

aii in the air, than a para- 

% 
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bola. Newton indeed says, that these hyperbolas arc not 
accurately the curves that a projectile makes in the air; 
for the true ones are curves which about the vertex are 
more distant from the asymptotes, and in the pans remote 
from the axis approach nearer ,to the asymptotes than 
these hyperbolas ; but that in practice these hyperbolas 
may be used instead of those more compounded ones. 
And if a body be projected from a, in the right line All, 
and ai be drawn parallel to the asymptote xx, and c;t a 
tangent to the curve at the vertex ; Then the density of 
the medium in a will be reciprocally as the tangent ah, 

A H ^ 

and the body’s velocity will be as v/—, »»d the resist¬ 
ance of the medium will be to gravity, as 

•2n’ -4- O/i 

All to -— x AI. 

n -f- 2 # , 

John Bernoulli constructed this curve by means of the 
quadrature of some transcendental curves, at the request 
of Dr. Keil, who proposed this problem to him in 1718. 
Jt was also lesolvcd by Dr. Taylor; and another solution 
of it may be found in Hermann's Phoronomia. • 

The commentators Le Sieur and Jacquier say, that the 
description of the curve in which a projectile moves, is so 
very perplexed, that it can scarcely be expected any de¬ 
duction should be made from it, cither to philosophical 
or mechanical purposes: vol. 2 , pa. 118. 

Dan. Bernoulli too proved, that the resistance of the 
air has a very great effect on the swift motions, such as 
those of cannon shot. He concludes from experiment, 
that a ball which ascended only 7819 feet in the air, 
’would have ascended 58750 feet in vacuo, being near 8 
times as high. Comment. Acad. Petr. tom. 2. 

Euler has still farther investigated the nature of this 
curve, and directed the calculation and use of a number 
of tables for the solution of all cases that occur in gun¬ 
nery, which inay be accomplished with nearly as much 
expedition as by the common parabolic principles. Me¬ 
moirs of the Academy of Berlin, for the year 1763. 

But how rash and erroneous the old opinion of the in¬ 
considerable resistance of the air is, will easily appear 
from the experiments bf Mr. Robins, who has shown that, 
in some cases, this resistance to a cannon ball, amounts 
to more than 20 times the weight of the ball; and I my¬ 
self, having prosecuted this subject far beyond any former 
example, have sometimes found this resistance amount to 
near 100 tunes the weight.of the hall, viz, when it moved 
with a velocity of 2000 feet per second, which is a rate 
of almost 23 miles in a minute. What errors then may 
not be expected from an hypothesis which-neglects this 
force, as inconsiderable? Indeed it is easy to show, that 
the path of such projectiles is neither a parabola nor 
nearly a parabola. For, by that theory, if the ball, in the 
instance last mentioned, moved in the curveof a parabola, 
its horizontal range, at 45° elevation, will be found to be 
almost 24 miles; whereas it often happens that the ball, 
with such a velocity, ranges far short of even one mile. 

Indeed the fallacy of this hypothesis almost appears at 
sight, even in projectiles slow enough to have their mo¬ 
tion traced by the eye; for they arc seen to descend 
through a curve manifestly shorter and more inclined to 
the horizon than fbat in which thfcy ascended, and the 
highest point of their flight, or the vertex of the curve, is 
much nearer to the place where they fall ort the ground, 
than to that from which they were at first discharged. 
These things cannot /or a moment be doubted of by any 


one, who in a proper situation views the flight of stones 
arrows, or shells, thrown to any considerable distance. 

Mr. Robins has not only detected the errors of the pa¬ 
rabolic theory of gunnery, which takes no account of 
the resistance of the air, but attempts to show how to 
compute the real range of resisted bodies. But for the 
method which he proposes, and the table* lie has com¬ 
puted for this purpose, see his Tracts of Gunnery, pa. 
183, &c, vol. 1; and also Euler’s Commentary on the 
same, translated by Mr. Hugh Brown, in 1777. 

There is an odd circumstance which often lakes place 
in the motion of bodies projected with considerable force, 
which shows the great complication and difficulty of this 
subject ; namely, that bullets in their flight are not only 
depressed beneath their original direction by the action of 
gravity, hut are also frequently driven to the right or left 
of that direction by the action of some other force. 
Now if it were true that bullets varied their direction 
by the action of gravity only, then it ought to happen 
that the errors in their flight to the right or left of the 
mark they were aimed at, should increase in the propor¬ 
tion of the distance of the mark from the piece only. 
But this is contrary to all experience ; the same piece 
which will carry its bullet within an inch of the intended 
mark, at 10 yards distance, cannot be relied on to 10 
inches in 100 yards, much less to 30 in 300 yards. 

And this inequality can only arise from the track of the 
bullet being incurvated sideways as well as downwards ; 
for by this means the distance between the incurvated line 
and the line of direction, will increase in a much greater 
ratio than that of the distance ; these lines coinciding at 
the mouth of the piece, and afterwards separating in the 
manner of a curve from its tangent, if the mouth of the 
piece be considered as the point of contact. 

This is put beyond a doubt from the experiments made 
by Mr. Robins; who found also that the direction of the 
shot in the perpendicular line was not less uncertain, 
falling sometimes 200 yards short of what it did at other 
times, though there was no visible cause of difference in 
making the experiment. And I myself have often ex¬ 
perienced a difference of one-fifth or one-sixth of. the 
whole range, both in the deflection to the right or left, and 
also in the extent of the range, of cannon shot. 

If it be asked, what can be the cause of a motion so 
different from what has been hitherto supposed ? It may 
be answered, that the deflection in question must be 
9 wing to some power acting obliquely to the progressive 
motion of the body, which power can be no other than 
the resistance of the air. And this resistance may per¬ 
haps act obliquely to the progressive motion of the body, 
from inequalities in the resisted surface; hut its general 
cause is doubtless a whirling motion acquired by the 
bullet about an axis, by its friction against the sides of 
the piece; for by this motion of rotation, combined with 
the progressive motion, each part of the ball's surface 
will strike the air in a direction very different from what 
it would do if there was no such whirl ; and the obli¬ 
quity of the action of the air, arising from this cause, 
will be greater, according as the rotatory motion of the 
bullet is greater in proportion to its progressive motion. 
Tracts, vol. 3. 

M. Euler, on the contrary, attributes this deflection of 
the ball to its figure, and very little to its rotation : for 
if the ball was perfectly round, though its centre of gra¬ 
vity did not coincide with the centre of spontaneous ro- 
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tation, the deflection from the axis of the cylinder, or 
line of direction sideways, would be very inconsidciablc. 
but when it is not round, it will generally go to the right 
or left of it's direction, and so much the more, as its range 
is greater. From his reasoning on this subject he infers, 
that cannon shot, which are made of iron, and rounder 
and less susceptible of a change of figure in passing along 
the cylinder than those of lead, are more certain than 
musket shot. True Principles of Gunnery investigated, 
1777, pa. 30-V, &c. And for the experiments on the air's 
resistance to all balls and velocities, with the application 
to gunnery, see my Tracts, vois. 2 and 3. 

PROJECTION, in Mechanics, the act of giving a pro¬ 
jectile its motion.— If the direction of the force, by which 
the projectile is put in motion, be perpendicular to the 
horizon, the projection is said to be perpendicular; if 
parallel to the apparent horizon, it is said to be an hori¬ 
zontal projection ; and if it make an oblique angle with the 
horizon, the projection is oblique. In all cases the angle 
which the line of direction makes with the horizontal line, 
is called the angle of elevation of the projectile, or of de¬ 
pression when the line of direction points below the hori¬ 
zontal line. 

Proj f.ction, in Perspective, denotes the appearance 
or representation ot an object on the perspective plane. 
So, the projection of a 'point, is a point, where the optic 
ray passes from the objective point through the plane to 
the eye ; or it is the point where the plane cuts the optic 
ray. And hence it is easy to conceive what is meant by 
the projection of a line, a plane, or a solid. 

Projection qf the Sphere in Plano , is a representation 
of the several points or places of the surface ol the sphere, 
and of the circles described upon it, on a supposed trans¬ 
parent plane placed between the eye and the sphere, orsuch 
as they appear to the eye placed at a given distance. For 
the laws of this projection, see Perspective: the pro¬ 
jection of the sphere being only a particular case of per- 
- spcctivc.—The chief use of the projection of the sphere, 
is in the construction of planispheres, maps, and charts; 
which are said to be of this or that projection, according 
to the several situations of the eye, and the perspective 
plane, with regard to the meridians, parallels, and other 
points or places to be represented.—The most usual pro¬ 
jection of maps of the world, is that on the plane of the 
meridian, which exhibits a right sphere ; the first meridian 
being the horizon. The next is that on the plane of the 
equator, which has the pole in the centre, and the meri¬ 
dians the radii of a circle, &c ; which represents a paral¬ 
lel sphere. See Map. 

The projection of the sphere is usually divided into or¬ 
thographic and stereographic ; to which may be added 
gnomonic. ^ 

Orthographic Projp.ction, is that in which the surface 
of the sphere is drawn upon a plane, cutting it in the mid¬ 
dle; the eye being placed at an infinite distance vertically 
to one of the hemispheres. And 

Stenographic Projection of the sphere, is that in 
which the surface and circles of the sphere are drawn upon 
the plane of a great circle, the eye being in the pole of 
that circle. 

Gnomonicul Projection qf the Sphere , is that in which 
the surface of the sphere is drawn upon a plane without 
side of it, commonly touching it, the eye being at the 

centre of the sphere. See Gnomon ical Projection. 

• • • 


Laws of the Orthographic Projection . 

1. The rays coming Irom the eye, being at an infinite 
distance, and making the projection, are parallel to each 
other, and perpendicular to the plane of projection. 

2. A right line perpendicular to the plane of projection, 
is projected into a point, where that line meets the said 
plane. 

3. A right line, as An, or CD, not 
perpendicular, but either parallel or 
oblique to the plane ol the projection, 
is projected into a right line, as EF or 
Gil, and is always comprehended be¬ 
tween the extreme perpendiculars ae 
and bp, or co and dii. 

4/I he projection of the line a n is the 
greatest, when ar is parallel to the plane of the projection. 

5. Hence it is evident, that a line parallel to the plane 
of projection, is projected into a right line equal to itself; 
but a line that is oblique to the plane of projection, is pro¬ 
jected into one that is less than itself. 

6 . A plane surface, as acrd, 
perpendicular to the plane of pro¬ 
jection, is projected into the right 
line, as ad, in which it cuts that 
plane.— Hence it is evident, that the 
circle acbd perpendicular to the 
plane of projection, passing through 
its centre, is projected into that dia¬ 
meter ab in which it cuts the plane of the projection. 
Also any'arch os cc is projected into eo, equal to ca y the 
right sine of that arch ; and the complcmcnlal arc cb is 
projected into on, the versed sine of the same arc cb. 

7- A circle parallel to the plane of projection, is pro¬ 
jected into a circle equal to itself, having its centre the 
same with the centre of the projection, and its radius equal 
to the cosine of its distance from the plane. And a circle 
oblique to the plane of projection, is projected into an el¬ 
lipsis, whose greater axis is equal to the diameter of the 
circle, and its less axis equaf to double the cosine of the 
obliquity of the circle, to a radius equal to half the great¬ 
er axis. 

Properties of the Stcreographic Projection . 

1 . In this projection a right circle, or one perpendicu¬ 
lar to the plane of projection, and passing through the eye, 
is projected into a line of half tangents. 

2. The projection of all other circles, not passing 
through the projecting point, whether parallel or oblique, 
are projected into circles. 

Thus,iet acedb represent a sphere, cut by a plane rs, 
passing through the centre i, perpendicular to the diame¬ 
ter eh, drawn from E the place of the eye ; and let the, 
section of the sphere by the plane ns be the circle cfdl, 
whole poles arc ii and e. Suppose now agb a circle on 
the sphere to be projected, whose pole most remote from ' 
the eye is p ; and the visual rays from the circle agb 
meeting in e, to form the cone aobe, of which the trian¬ 
gle aeb is a section through the vertex e, and diameter 
of the base ab : then will the figure agkf 9 which is the 
projection of the circle agb, be itself a circle. -Hence, 
the middle of the projected diameter is the centre of the 
projected circle, whether it be a great circle or a small 
one: Also the poles and ccutres of all circles, parallel to 
the plane of projection, fall in the centre of the projec¬ 
tion : And all oblique great circles cut the primitive circle 
in two points diametrically opposite. 
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2. The projected diameter of any circle subtends an 
an«lc at the eye equal to the distance of that circle from 
its°»earcst pole, taken on the sphere; and that angle is bi¬ 
sect! d by a right line joining the eye and that pole. Thus, 
let the plane us cut 
the sphere HFEG 
through its centre i.; 
and let a bc be any 
oblique great circle, 
whose diameter ac is 
projected into ac ; 
and kol any small 
circle parallel to 
ABC, whose diameter 

K l is projected in kl. . . - 

Then the distances of 

those circles from their pole p, being the arcs a up, kiip; 
and the angles oec, kr.l, being the angles at the eye, sub¬ 
tended by their projected diameters, ac and 47. It follows 
that the angle «ec is measured by the arc a up, and that 
the angle kv.1 is measured by the arc kiip; and those an¬ 
gles are bisected by ep. 

,3 Any point of a sphere is projected at such a distance 
from the centre of projection, as is equal to the tangent 
of half the arc intercepted between that point and the 
pole opposite to the 
eye, the semidiametcr 
of the sphere being ra¬ 
dius. Thus, let c4eb , 
bc a great circle of 
the sphere, whose cen¬ 
tre is c, on the plane 
of projection cutting 
the diameter of the 
sphere in b and b; also 
E and c the poles of £ 

the section by that 

plane; and a the projection of a. Then ca is equal the 
tangent of half the arc ac, as is evident by drawing CP 
equal to the tangent of half that arc, and joining cp. 

4 . The angle made by two projected circles, is equal to 
the angle which these circles make on the sphere. For let 
iace and A bi» be two 
circles on a sphere inter¬ 
secting in a ; e the pro¬ 
jecting point; and us the 
plane of projection, in 
which the point a is pro¬ 
jected in a, in the line ic, 
the diameter of the cir¬ 
cle ace. Also let DII 
and fa be tangents to 
thecircles ace and abl. 

Then will the projected . „ 

an°le dqfbc equal to the spherical aDgle bac. 
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5. The distance between the poles of the primitive 
circle and an oblique circle, is equal to the tangent of 
half the inclination of those circles; and the distance of 
their centres, is equal to the tangent of their inclination ; 
the semidiametcr of the primitive circle being radius. For 
let ac be the diame¬ 
ter of a circle, whose 

poles are P and q, and / 

•inclined to the plane / i \ \\ 

of projection in the ; t\ \\ i ^\/\ 

angle aif; and let a, ^. f \ \ ys ' l/_M 

Cjp be the projections \ 

of the points a, c, p ; \ \ : \/ 7 - J 

also let liriE bc the \ C\-.. /V / 

projected oblique cir- \ • 

cle, whose centre is </. 

Now when the plane 

of projection becomes the primitive circle, whose pole is 1 ; 
then is ip equal to the tangent of half llie angle aif, or 
of half the arch af; and 17 is equal to the tangent of a F» 

or of the angle fh« = aif. 

6 . If through any given point in the primitive circle, 

an oblique circle bc described ; then the ccnlres of all 

other oblique circles passing through that point, will bc 

in a right line drawn through the centre of the first ob¬ 
lique circle, and perpendicular to a line passing through 
that centre, the given point, and the centre of the primi¬ 
tive circle. Thus, let * .. 

o ace be the primitive 
circle, adei a great cir¬ 
cle described through 
D, its centre being b. 
u k is a right line drawn C 
through b perpendicu- / 
lar to a right line Cl 
passing through t> and 
B and the centre of the 
primitive circle. Then . ** 

the centres of all other pr^at circles, as fdo, passing 

through d, will fall in the line iik. 

7. Equal arcs of any two great circles of the sphere 
will bc intercepted between two other circles drawn on 
the sphere through the remotest poles oflhose great circles. 

For let pbea be a - 

sphere, on which 
agb and cfd are 
two great circles, 

whose remotest poles 
are e and r ; and 
^through these poles 
let the great circle 
pbec and the stroll 
circle foe bc drawn, 
cutting the great cir- 
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cles agB and cfd in the points b, g, d, r. Then are 
tlie intercepted arcs ug and Dr equal to each other. 

8 . It 1 iiu*s be drawn from the projected pole of any 
great cude, cutting the peripheries of the projected circle 
and plane of projection ; the intercepted arcs of those pe¬ 
ripheries are equal ; that'is, the arc no = df. 

i). The radius of any lesser circle, whose plane is per¬ 
pendicular to that of the primitive circle, is equal to the 
tangent of that lesser circle's distance from its pole ; and 
the secant of that distance is equal to the distance of the 
centres ol the primitive and lesser circle. For let P be the 
pole, and an the dia¬ 
meter ot a lesser circle, 
its plane being perpen¬ 
dicular to that ol the 
primitive circle, whose 
centre is c : then d 
being the centre of the 
projected le scr circle, 
da is equal to the tan¬ 
gent of the arc pa, and 
dc = the secant ol 
Pa. See SrKREOGRAPHIC Projection. 

Mercator's Proj kctiox. See Mercator, and Chart. 

Projection of Globes, &c. Six Globe, &c. 

Polar Projection. See Polar. 

Projection of Shadows. See Shadow. 

Projection, or Projecturf., in Building, the out- 
jetting or prominency which the mouldings and members 
have, beyond the plane or naked ol the wall, column, &c. 

Monstrous Projection. See Anamorphosis. 

PROJECTIVE Dialling, a manner of drawing the hour 
lines, the furniture &c of dials, by a method of projection 
on any kind of surface whatever, without regard to the 
situation of those surfaces, either as to declination, recli- 
nation, or inclination. See Dialling. 

PROLATE, or Oblong Spheroid , is a spheroid pro¬ 
duced by the revolution of a semicllipsis about its longer 
diameter ; being longest in the direction of that axis, and 
resembling an egg, or a lemon. It is so calleu in oppo¬ 
sition to the oblate or short spheroid, which is formed by 
the rotation of a semiellipsis about its shorter uxis; being 
therefore shortest in the direction of its axis, or (bitted at 
the poles, and so resembling an orange, or perhaps a turnip, 
according to the degree of flatness; and which is also the 
figure of the earth. See Sp heroi d. ' 

PROMONTORY, in Geography, is a rock or high 
point of land projecting out into the sea. The extremity 
of which towards the sea is usually called a Cupc, or 
Headland. 

PROPORTION, in Arithmetic, &c f the equality or 
similitude of ratios. As the four numbers 4, 8 , 15, 30 
arc proportionals, or in proportion, because the ratio of 
4 to 8 is equal or similar to the ratio of 15 to 30, both of 
them being the same as the ratio of 1 to 2 . 

Euclid, in the 5th definition of the 5th book, gives a 
general definition of four proportionals, or when, of four 
terms, the first has the same ratio to the 2d, as the 3d 
has to the 4th, viz, when any equimultiples whatever of 
the first and third being taken, and any equimultiples 
whatever of the 2d and 4th ; if the multiple of the first 
be less than that of the 2d, the multiple of the 3d is ulso 
less than that of the 4th ; or if the multiple of the first be 
equal to that of the 2d, the multiple of the 3d is also 
equal to that of the 4th ; or if the multiple of the first be 


greater than that of the 2d, the multiple of the 3d is also 
greater than that of the 4th. And this definition is gene¬ 
ral for all kinds of magnitudes or quantities whatever, 
though a very obscure one. f 

Also, in the 7th book, Euclid gives another definition 
of proportionals, viz, when the first is the same equimul¬ 
tiple of the 2d, as the 3d is of the 4th) or the same part 
or parts of it. But this definition appertains only to num¬ 
bers and commensurable quantities. 

Proportion is often confounded with ratio; hut they 
are quite different things. For, ratio is properly the re¬ 
lation of two magnitudes or quantities ol one and the same- 
kind ; as the ratio of 4 to 8 , or of 15 to 30, or ot 1 to 2; 
and so implies or respects only two terms or things. But 
proportion respects four terms or tilings, or two ratios 
which have each two terms. Though the middle term 
may he common to both ratios, and then the proportion 
is expressed by three terms only, as 4, 8 , (>4, where 4 is 
to 8 as 8 to 64. r 

Proportion is also sometimes confounded with pro¬ 
gression. In fact, the two often coincide ; the difference 
between them only consisting in this, that progression is 
a particular species of proportion, being indeed a conti¬ 
nued proportion, or such as has all the terms in the same 
ratio, viz, the 1st to the 2d, the 2d to the 3d, the 3d to 
the 4th, &c; as the terms 2, 4, 8 , 16, &c ; so that pro¬ 
gression is a series or continuation of proportions. 

Proportion is cither continual, or discrete or interrupted. 

The proportion is continuul when every two adjacent 
terms have the same ratio, or when the consequent of each 
ratio is the antecedent of the next following latio, and so 
all the terms form a progression; as 2, 4, 8 , 16, &tc; 
where 2 is to 4 as 4 to S, and as 8 to 16, &c. 

Discrete or interrupted proportion, is when the conse¬ 
quent of the first ratio is different from the antecedent of 
the 2d, &c; as 2, 4, and 3, 6 . 

Proportion is also cither direct or inverse. 

Direct Proportion is when’more requires more, or 
less requires less. As it will require more men to perform 
more work, or fewer men for less work, in the same time. 

Inverse or Reciprocal Proportion, is when more re¬ 
quires less, or'lcss requires more. As it >vill require more 
men to perform the same work in less time, or fewer men 
in more time. Ex. If 6 men can perform a piece of work 
in 15 days, how many mm con do the same m 10 cloys. 
Then, reciprocally - ns T *j to ^ so is 6 * : 9 7 the 

or inxersely - as 10 to 15 so is 6 : 9 J answer. 

Proportion, again, is distinguished into arithmetical, 
geometrical, and harmonica). 

Arithmetical Proportion is tlic equality of two arith¬ 
metical ratios, or differences. As in the numbers 12, 9» 
6 ; where the difference between 12 and 9> h the same as 
the difference between 9 and 6 , viz 3. And here the sum 
of the extreme terms is equal to the sum,pf the means, or 
to double the single mean when there is but one. As 

12 -f- 6 = 9 + 9 = 18. 

Geometrical Proportion is the equality between two 
geometrical ratios, or between the quotients, of the terms. 
As in the three 9, 6, 4, where 9 is to 6 as 6 is to 4, 
thus denoted, 9 : 6 : : 6 y 4; for £ = £, being each equal 
i or 1$. And in this proportion, the rectangle or product 
of the extreme terms, is equal to that of the two means, 
or the square of the single mean when there is but one. 
For 9 x 4 = 6 x 6 = 36. 

Harmonical Proportion, is when the 6rsi term is to 
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the third, as the difference between the 1st and 2d is to 
the difference between the 2d and 3d ; or, in tour terms, 
when the 1st is to the 4th, as the difference between the 
1st and 2d is to the difference between the 3d and 4lh ; or 
the reciprocals of an arithmetical proportion are in har- 
momcal proportion. As 6, 4, 3; because 6" : 3 : : 6 4 

= 2>: 4 — 3 = 1 ; or because i, -j. are in arithme¬ 
tical proportion, making = = -'Iso the 

four 24, 1<), 12, 9 arc in harmonical proportion, because 
24 : 9 : : 8 : 3. 

See Proportionals. 

Com puss of Proportion , a name by which the French, 
and some linglish authors, call the Sector. 

Rule of Proportion, in Arithmetic, a rule by which 
a 4th term is found in proportion to three given terms. It 
is popularly called the Golden Rule, or Rule of Three. 

PROPORTIONAL, relating to proportion. As, Pro¬ 
portional Compasses, Parts, Scales, Spirals, &c. See the 
several terms. % 

Proportional Compasses , arc compasses with two 
pair of opposite legs, like a St. Andrew’s cross, by which 
any space is enlarged or diminished in any proportion. 

P k oport ion a L Part, is a part of some number 
that is analogous to some other part or number; such 
as the proportional parts in the logarithms, and other 
tables. 

Proportional Scales, called also logarithmic scales, 
arc the logarithms, or artificial numbers, placed on lines, 
for the ease and advantage of multiplying and dividing 
by means of compasses, or of sliding rulers. These 
are in effect so many lines of numbers, as they arc culled 
by Gunter, but made single, double, triple, or quadruple ; 
beyond which they seldom go. See gunter’s Scale, 
Scale, &C. 

Proportional Spiral. See Spiral. 
PROPORTIONALITY, the quality of proportionals. 
This term is used by Gregory St. Vincent, for the propor¬ 
tion between the exponents of lour ratios. 

PROPORTIONALS, arc the terms of a proportion; 
consisting of two extremes, which arc the first and last 
terms of the set, and the means, which are the other terms. 
These proportionals may be either arithmetic^, geome¬ 
trical, or harroonicals, and in any number above two, 
and also either continued or discontinued. 

Pappus gives this beautiful and simple comparison of 
the three kinds of proportionals, arithmetical, geometri¬ 
cal, and harmonical, viz. a, b, c, being the first, second, 
and third terms in any fcucli proportion, then 
In the arithmcticals, a : a 1 

in the gcometricals, a : b > — b : b c. 

in the harmonicals, a : c ) 

See Mean Proportional. 

Continued proportionals form what is called a pro¬ 
gression ; for the properties of which see Progression. 

I. Properties of Arithmetical Proportionals. 

(For what respects progressions and mean proportionals 
of all sorts, sec Mean, and Progression). 

1 . Four arithmetical proportionals, as 2, 3, 4, 5, 
ajc still proportionals taken inversely, as 5, 4, 3, 2 ; 
or alternately, thus, - - 2, 4, 3, 5 ; 

or inversely and alternately, thus - 5, 3, 4, 2. 

2 If two arithmcticals be added to the like terms of 
other two arithmcticals, of the •ame.differencc, or arith¬ 
metical ratio, the sums will have double the same dif- 
fcrcivce or arithmetical ratio. , 


So, o 3 nnd 5, whose difference is 2, 

add 7 and 9, whose difference* is also 2, 

the sums 10 and 14 have a double diff. viz, 4. 

And if to these sums be added two other numbers also in 

the same difference, the next sums will have a triple 
ratio or difference ; and so on. Also, whatever be the 
ratios of the terms that are added, whether the same or 
different, the sums of the terms will have such arithme¬ 
tical ratio as is composed of the sums o! the others that 
are added. 

So 3 , 5, whose dif. is 2 

and 7 , 10, whose dif. is 3 

and 12 , iff, whose dif. is 4 

make 22 , 31, whose dif. is 9. 

On the contrary, if from two arithmcticals there be 
subtracted others, the difference will have such arith¬ 
metical ratio as is ecjual to the differences ol those. 

So from 12 and iff, whose dil. is 4 

take 7 and lO, whose dif. is 

leaves 5 and ff, whose dif. is 1 

Also from 7 and 9, whose dif. is 2 

take 3 and 5, whose dif. is 2 

leaves 4 and 4, whose dif. is 0 # 

3. Hence, if arithmetical proportionals be multiplied 
or divided by the same number, their difference, or 
arithmetical ratio, is also multiplied or divided by the 
same number. 

II. Properties of Geometrical Proportionals. 

The properties relating to mean proportionals arc given 
under the term Mean Proportional ; some arc also given 
under the article Proportion ; and some additional ones 

arc as below : 4.1 

1. To find a 3 d proportional to two given numbers, or 

a 4 th proportional to three: In the former case, multiply 
the 2 d term bv itself, and divide the product by the Isl ¬ 
and in the latter case, multiply the 2d term by the 3d, 
and divide the product by the 1 st. 

So 2 : 6 : : 6 : 18, the ,3d prop, to 2 and 0 : 

and 2 : 6 : : 5 : 15, the 4th prop, to 2, 6 , and 5. 

2. If the terms of any geometrical ratio b* augmented 
or diminished by any others in the same ratio, or propor 
lion, the sums or differences will still be in the same ratio 

or proportion. 

So if a : b : : c : d, 

then is a : b : : a ± c : b ± d : : c : d. 

And if the terms of a ratio, or proportion, be multiplied 
or divided by the same number, the products and quo¬ 
tients will still be in the same ratio, or proportion. 

a b 

Thus, a : h \ 1 na : nb ~ n - 

3. If a set of continued proportionals be either aug¬ 

mented or diminished by the same part or parts ot them¬ 
selves, the sums or differences will also be propot -onals. 
Thus if «, b, c, d, &C be propors. 

then at *a±$,b±- b n ,c ± ^, &c also propors. 

. . , , 1 

where the common ratio is 1 ± n 

And if any single quantity be cither augmented or di¬ 
minished by some part of itself, and the result be also 
increased or diminished by the same part of itself, and 
this third quantity treated in the same manner, and so 
on ; then shall all these quantities be continued propor- 
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tionals. So, beginning with the quantity a, and taking 
always the wth part, then shall 

a 2a ■ a* . 

± a ± “r> &c be proportionals, 


a. a 


or a, a 


n' a 
± ”, 


( a ± ”)*. (a ± - n -y, 6ec propors. 


the common ratio being 1 ± 

4. If one set of proportionals be multiplied or divided 

by any other set of proportionals, each term by each, the 
products or quotients will also be proportionals. 

Thus, if a : na : : b : nb> 

and c i me : : d : rnd ; 

then is ac : mnac : : bd : mnbd , 

a na b nb 

and : — : : - - : —r* 

c me d mb 

5. If there be several continued proportionals, then 
whatever ratio the 1st has to the 2d, the first to the 3d 
shall have the duplicate of the ratio, the 1st to the 4th 
the triplicate of it, and so on. 

So in a, na, n'a, n 3 a, &c, the ratio being n ; 
then a : n°a, or 1 to n 2 , the duplicate ratio, 

and a : n 3 a, or 1 to n\ the triplicate ratio, See. 

6. In three continued proportionals, the difference be¬ 
tween the 1 st and 2 d term, is a mean proportional be¬ 
tween the 1 st term and the 2 d difference of all the terms. 

-Thus, in the three pro 
Terms 1 1 st difs. 
n 9 « 
na 
a 

then a : na —a :: na —a : n*a — 2na 
Or in the numbers 2 , 6, 18 ; 

IS 


n*a—na 

na—a 


vor. a, na, rfla ; 
2 d dif. 

n*o — 2 na -+- a 


a. 


6 

2 


12 

4 


8 the 2 d difference ; 


then 2, 4, 8 arc proportionals. 

^ 7- When four quantities are in proportion, they are 
also in proportion by inversion, composition, division, 
See ; thus a, na, b, nb being in proportion, viz. 

1 • 

2 . Inversion 

3. Alternation 

4. Composition 

5. Conversion 


6. Division 



a 

a 

• 

na 

• . 

• • 

b : nb ; 


na 

• 

0 

a 

• • 

• • 

nb ■: b; 


a 

• 

• 

b 

• • 

• • 

na ; nb; 

a 

4- na 

• 

• 

na 

• . 

■ • 

b + nb 

a 

na 

• 

• 

a 

• • 

. • 

b +nb : 

a 

— na 

• 

• 

a 

• • 

• . 

b — nb 

a 

— na 

# 

• 

na 

• • 

• • 

b — nb 


nb ; 

b; 

b; 

nb. 


III. Properties of Hamionical Proportionals. 

1 . If three or four numbers in barmonlcal proportion, 
be either multiplied or divided by any number, the pro¬ 
ducts or quotients will also be harmonical proportionals. 

Thus, o, 3, 2 being harmon. propor. 

then 12, 6 , 4 arc also harmon. propor. 

and it t arc a * so harmon. propor. 

2. In the three harmonical proportionals a, b, c, when 
any two of these arc given, the 3d can be found from the 
definition of them, viz, that a : c : : a — b : b—c ; for 
hence 

b = —:— the harmonical mean, and 




a + c 

all 

•2 a _ (. l * ,e 3d harmon. to a and b. 


3. And of the four barmonidals, a, b, c, d, any three 
being given, the fourth can be found from the definition 


of them, N viz, that a : d: : a — b : c—d ; for thence the 
three b, c, d, will be thus found, viz, 

1 = —— ■ c = — d = ST? 

4. If there be four numbers disposed in order, as 2 , 

3 , 4, 6, of which one extreme and the two middle terms 
are in arithmetical proportion, and the other extreme and 
the same middle terms arc in harmonical proportion ; 
then arc the four terms in geometrical proportion : thus, 

the three 2, 3, 4 are arithmcticals, 

and the three 3, 4, 6 arc liarmonicals, 

then the four 2, 8, 4, 6 arc geometrieals. 

5. If between any two numbers, as 2 and 6, there be 
interposed an arithmetical mean 4, and also a harmo¬ 
nical mean 3, the four will then be geometrieals, viz, 

2 : 3 :: 4 : 6. 

6. Between the three kinds of proportion, there is this 
remarkable difference ; viz, that from any given number 
there can be raised a continued arithmetical series in¬ 
creasing ad infinitum, but not decreasing; while the 
harmonical can be decreased ad infinitum, but not in¬ 
creased ; and the geometrical admits of both. 

PROPOSITION, is cither some truth advanced, and 
shown to be such by demonstration; or some operation 
proposed, and its solution shown. In short, it is some¬ 
thing proposed cither to be demonstrated, or to be done 
or performed. The former is a theorem, and the latter 
is a problem. 

PROSTHAPHERESIS, in Astronomy, the difference 
between the true and mean motion, or between the true 
and mean place, of a planet, or between the true and 
equated anomaly ; called also equation of the orbit, or 
equation of the centre, or simply the equation; and 
it is equal to the angle formed at,the planet, and sub¬ 
tended by the cxccntricity of its orbit. Thus, if s 
be the sun, and r the place of a planet in its orbit 
apb, whose centre is c. Then the 
Mean anomaly is the z. acp, 
true anomaly is the Z. asp, 
dif. of which is the Z. cps, 
which is the prosthaphercsis; which 
is so called, because it is sometimes 
to.be added to, and sometimes to 
be subtracted from the mean mo¬ 
tion, to give the true one; as is 
evident from the figure. 

PROTRACTING, or Protraction, in Surveying, the 
act of plotting or Inying down the dimensions taken in the 
field, by means of a Protractor, &c : Protracting makes 
one part of surveying. 

Protracti vo-Pin, a fine pointed pin, or needle, 
fitted into a handle, used to prick off degrees and minutes 
from the limb of the protractor. 

PROTRACTOR, a, mathematical instrument, used in 
surveying, ior laying down angles on paper, &c. 

The simplest, and most natural protractor consists of a 
semicircular limb adb- (fig. 7> plate 24) commonly of 
metal, divided into 180°, and subtended by a diame¬ 
ter ab; in the middle of which is 41 small notch c, 
called the centre of the protractor. And for the con¬ 
venience of reckoning both ways, the degrees are num¬ 
bered from the left hand towards the right, and from the 
right hand townrds the left. 

But this instrument is .made much more comraodioui- 
by transferring the divisions from the circumference to the 
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edge of a ruler, whose side ef is parallel to An, which is 
easily done by laying a ruler on the centre c*, and over the 
several divisions on the scmicircumfcrcncc add, and 
marking the intersections of that ruler on the line ei : so 
that a ruler with these divisions marked on one ol its sides 
as above, and returned down the two ends, and numbered 
both ways as in the circular protractor, the fourth or blank 
side representing the diameter of the circle, is both a more 
useful form than the circular protractor, and better 
adapted for putting into a case. 

To make any single itnth the Protractor. —Lay the diame¬ 
ter of the protractor along the given line, which is to be 
one side of the angle, and its centre at the given angular 
point; then make a mark opposite the given degree of the 
angle found on the limb of the instrument, and, removing 
the protractor, by a plane ruler laid over that point and 
the centre, draw a line, which will form the angle sought. 
In tiie same way is any given angle measured, to find the 
number of degrees it contains.—This protractor is also 
vgry useful in drawing one line perpendicular to another, 
which is readily done by laying the protractor across the 
given line,*so that both its centre and the 90 th degree on 
the opposite edge fall upon the line, also one of the edges 
passing over the given point, by which then let the perpen¬ 
dicular be drawn. 

The Improved Protractor is an instrument much like 
the former, only furnished with a little more apparatus, 
by which an angle may be set off to a minute. 

The chief addition is an index attached to the centre, 
about which it is moveable, so as to play freely and stea¬ 
dily over the limb : beyond this limb the index is di¬ 
vided, on both edges, into 60 equal parts of the portions ol 
circles, intercepted by two other right lines drawn from 
the centre, so that each makes an angle of l J with lines 
drawn to the ass timed points from the centre. 

To set off an angle of any number of degrees and mi¬ 
nutes with this protractor, fnove the index, so that one of 
the lines drawn on the limb, from one of the fore-incn- 
lioued points, may fall upon the number of degrees given ; 
and prick off as many of the equal parts on the proper 
edge of the index as there are minutes given; then drawing 
a line from the centre to that point so pricked off, the re¬ 
quired angle is thus formed with the given line or diameter 
of the protractor. ' 

The best protractors arc now made with a vernier, and 
fine pins, to prick off angles to minutes. 

PROVING of Gunpowder. See Eprouvette, and 
Gunpowder. 

PSEUDO-Stella, any kind of meteor or phenomenon, 
appearing in the heavens, and resembling a star. 

PTOLEMAIC, or Ptolomaic, something relating to 
Ptolemy ; as the Ptolemaic System, the Ptolemaic Sphere, 
&c. See System, Sphere, &c. 

PTOLEMY, or Ptolomy, (Claudius), a celebrated 
geographer, astronomer, and mathematician, was born at 
Pclusium in Egypt, about the 70th year of the Christian 
era ; and died, it has been said, in the 78th year of his ago, 
and in the year of Christ 147. He taught astronomy at 
Alexandria in Egypt, where he made many astronomical 
observations, and composed his other works. It is certain 
however that he flourished in*the reigns of Marcus Anto¬ 
ninus and Adrian: for it is noted in his canon, that Anto¬ 
ninus Pius reigned 23 years, which shows that he himself 
survived him ; he also tells us in one place, that he made 
a great many observations on the fixed stars at Alcxan- 
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dria, in the second year of Antoninus Piti® : ar.d in nno 
thcr, that lie observed an eclipse of the moon, in th Vth 
year of Adrian ; from which it is reasonable to conclude 
that this astronomer's observations on the heavens wcr<* 
many of them made between r hc years 125 and 140. 

Ptolemy lias always been reckoned the prince of aitro- 
nomers among the ancients, and in his works has lclt us 
an entire body of that science. 11c has preserved and 
transmitted to us the observations and principal discoveries 
of the ancients, and at the same lime augmented and en¬ 
riched them with his own. He corrected Hipparchus's 
catalogue of the fixed stars ; and formed tables, by which 
the motions of the sun, moon, and planets, might be calcu¬ 
lated and regulated. lie was indeed the first who col¬ 
lected the scattered and detached observations of the an¬ 
cients, and digested them into a system ; which he set 
forth in his M cya.hr, 'ZvyrafySf sive Magna Constructio, di¬ 
vided into 13 books, lie there adopts and exhibits the 
ancient system of the world, w hich placed the earth in the 
centre ot the universe ; and this has been called after him 
the Ptolemaic System, to distinguish it from those ot Co¬ 
pernicus and Tycho Brahe. 

About the year 827 this work was translated by the 
Arabians into their language, in which it was called Alma- 
gestum, by order of one of their kings; and from Arabic 
into Latin, about 1230, by the encouragement of the em¬ 
peror Frederic the 2d. There were also other versions 
from the Arabic into Latin; and a manuscript of one, 
done by Girardus Cremdnensis, who flourished about the 
middle of the 14th century, which, Fabricius says, is still 
extant in the library of All Souls College in Oxford. The 
Greek text of this work began to be read in Europe in the 
15th century; and was first published by Simon Grynaeus 
at Basil, 1538, in folio, with the eleven books of commen¬ 
taries by Thcon, who flourished at Alexandria in the reign 
of the elder Theodosius. In 1541 it was reprinted at Ba¬ 
sil, with a Latin version by George Tmpczond ; and again 
at the same place in 1551, with the addition of other works 
of Ptolemy, and Latin versions by Camcrarius : which last 
edition, we learn from Kepler, was used by Tycho. 

Of this principal work of the ancient astronomers, it 
muy not be improper to give here a morc v y)articular ac¬ 
count. In general, it may be observed, that it.is founded 
on the hypothesis of the earth's being at rest in the centre 
of the universe, and that the heavenly bodies, the stars and 
planets, all move around it in solid orbs, whose motions 
arc all directed by one, which Ptolemy called the primum 
mobile, or first mover, of which he discourses at large. 
The whole of this great work is divided into 13 books. 

In the first book, Ptolemy shows, that the earth is in 
the centre of those orbs, and of the universe itself, as he 
understood it: he represents the earth us of a spherical 
figure, and but as a point in comparison of the rest of tho 
heavenly bodies : he then treats of the several circles of 
the earth, and their distances from the equator ; as also of 
the right and oblique ascension of the heavenly bodies in 
a right sphere. 

In the 2d book, he treats of the habitable parts of the 
earth ; of the elevation of the pole in an oblique sphere, 
and the various angles which the several circles make w ith 
the horizon, according to the different latitude of places ; 
also of the phenomena of the heavenly bodies depending 
on the same. 

In the 3d book, he treats of the quantity of the year, 
and of the unequal motion of the sun through the zodiao :• 
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and he here also gives the method of computing the mean 
motion of the sun, with tables of the same j and also 
treats of the inequality of days and nights. 

In the 4 th book, he treats of the lunar motions, and their 
various phenomena: and gives tables for finding the moon’s 
mean motions, with her latitude and longitude: he dis¬ 
courses largely concerning lunar epicycles ; and by com¬ 
paring the times of a great number of eclipses, mentioned 
by Hipparchus, Calippus, and others, he has computed 
the places of the sun and moon, according to their mean 
motions, from the first year of Nabonazar, king of Egypt, 
to bis ov\ n time. 

In llie 5th book, he treats of the instrument called the 
astrolabe, and also of the excentricity of the lunar orbit, 
and the inequality of the moon's motion, according to her 
distance from the sun : he also gives tables, and a univer¬ 
sal canon for the inequality of the lunar motions : he then 
treats of the different aspects or phases of the moon, and 
gives a computation of the diameter of the sun and moon, 
with the magnitude of the sun, moon and earth compared 
together; lie states also the different measures of the di¬ 
stance of the sun and inoon, according as they are deter¬ 
mined by ancient mathematicians and philosophers. 

In the 6th book, he treats of the conjunctions and op¬ 
positions of the sun and moon, with tables for computing 
the mean time when they happen ; of the boundaries of 
solar and lunar eclipses ; of the tables and methods of 
computing the eclipses of the sun and moon^ with many 
other particulars. 

In the 7th book, he speaks of the fixed stars; and 
shows the methods of describing them, in their various 
constellations, on the surface of an artificial sphere or 
globe: lie rectifies the places of the stars to his own time, 
and shows how different those places were then, from what 
they had been in the times of Timocbaris, Hipparchus, 
Aristillus, Calippus, and others: he then lays clown a ca¬ 
talogue of the stars in each of the northern constellations, 
with (heir latitude, longitude, and magnitudes. 

In the 8th book, he gives a like catalogue of the stars in 
the constellations of the southern hemisphere, and in the 
12 signs or constellations of the zodiac. This is the old* 
est catalogue of the stars now extant, and forms the most 
valuable part of Ptolemy's works. He then treats of the 
galaxy, or milky-way ; also of the planetary aspects, with 
the rising and setting of the sun, moon, and stars. , 

In the 9th book, he treats of the order of the sun, moon, 
and planets, with the periodical revolutions of the five 
planets, Mercury, Venus, Mars, Jupiter, and Saturn ; he 
then gives tables of the mean motions, beginning with the 
theory of Mercury, and showing its various phenomena 
with respect to the earth. 

The 10th book begins with the theory of the planet 
Venus, as to its greatest distance from the sun ; of its epi¬ 
cycle, excentricity, and periodical motions; and then 
treats of the same particulars in the planet Mars. 

In the 11th book he considers the same circumstances 
in the theory of the planets Jupiter and Saturn. He also 
corrects all the planetary motions from observations made 
from the time of Nabonazar to his own. 

The 12th book treats of the retrogressive motion of the 
several planets ; giving also tables of their stations, and of 
the greatest distances of Venus and Mercury from the sun. 

The 13th book relates to the several hypotheses of the 
latitude of the five planets ; of the greatest latitude, or in¬ 
clination of the orbits of the five planets, which are com* 


puted and disposed in tables; of the rising and setting of 
the planets, with tables of them. Then follows a conclu¬ 
sion or summing up of the whole work. 

This great work of Ptolemy .will always be valuable on 
account of the observations he gives of the places of tne 
stars and planets in former times, and according to ancient 
philosophers and astronomers that were then extant; but 
principally on account of the large and curious catalogue 
of the stars, which being compared with their places at 
present, we thence deduce the true quantity of their slow 
progressive motion according to the order ot the signs, or 
of the precession of the equinoxes. 

Another great and important work of Ptolemy was, his 
Geography, in 7 books; in which, with his usual sagacity, 
he searches out and marks the situation ol places accord¬ 
ing to their latitudes and longitudes; being the first that 
did so. Though this work must needs tall tar short of 
perfection, for the want of necessary observations, yet it is 
of considerable merit, and has been very usctul to modern 
geographers. Cellarius indeed suspects, and he was a very 
competent judge, that Ptolemy did not use all the care and 
application which the nature of his work required ; and 
his reason is, that the author delivers himself with the 
same fluency and appearance of certainty, • concerning 
things and places at the remotest distance, which it was 
impossible he could know any thing of, that he does con¬ 
cerning those which lay the nearest to him, and lal) the most 
under his cognizance. Salmasius had before made some 
remarks to the same purpose on this work ol Ptolemy. 
The Greek text ol this work was first published by itself at 
Basil in 1533, in4to: afterward with a Latin version and 
notes by Gerard Mercator at Amsterdam, 1605 ; which 
last edition was reprinted at the same place, l6l8, in folio, 
with neat geographical tables, by Bertius. 

Other works of Ptolemy, though less considerable than 
these two, are still extant. As, Libri quatuor de Judiciis 
Astrorum, on the first two books of which Cardan wrote 
a commentary.—Fructus Librorum suorum ; a kind of 
supplement to the former work.-—Rccensio Chronologica >* 
Regum : this, with another work of Ptolemy, Dc Hypothc- 
sibus Planetarum, was published in 1620, 4to, by John 
Bainbridge, the Savilian professor of astronomy at Oxford : 
and Scaliger, Petavius, Dodwell, and the other chronolo¬ 
gical writers, have made great use of it.—Apparently 
Stcllarum Inerrontium : this was published ot Paris by 
Petavius, with a Latin version, 1630, in folio; buLiroma 
mutilated copy, the defects of which have since been sup¬ 
plied from a perfect one, which Sir Henry Savillc had 
communicated to archbishop Usher, by Fabricius, in the 
3d volume of his Bibliotheca Grffica.—Elementorum 
Harmonicorum libri tres ; published in Greek and Latin, 
with a commentary by Porphyry the philosopher, by 
Dr. Wallis at Oxford, 1682, in 4to; and afterwards re¬ 
printed there, and inserted in the 3d volume of Wallis s 
works, 1699> in folio. . 

Mabillon exhibits, in his German Travels, an effigy of 
Ptolemy looking at the stars through an optical tube; 
which effigy, he says, he found in a manuscript of the 13th 
century, made by Conradus a monk. Hence some have 
fancied, that the use of the telescope was known to Con¬ 
radus. But this is only matter of mere conjecture, there 
being no facts or testimonies, nor even probabilities, to 
support such an opinion. Itis rather likely that the tube 
was nothing more than a plain open one, employed to 
strengthen and defend the eyesight, when looking at par* 
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ticulnr stars, by excluding adventitious rays trorn other 
Mars and objects; a contrivance which no observer of the 
heavens can ever be supposed to have been without. 

PULLEY, one of the five mechanical powers; consist¬ 
ing of a little wheel, being a circular piece of wood or 
metal, turning on an axis, and having a channel around 
its edge or circumference, in which a cord slides and so 
raises up weights. 

The Latins call it trochlea; and the seamen, when fit¬ 
ted with a rope, a tackle. An assemblage of several pul¬ 
leys is called a system of pulleys, or polyspaston : some 
ol which arc in a block or case, which is fixed ; and 
others in a block which is moveable, and rises with the 
weight. The wheel or rundle is called the sheave or 
shiv'er; the axis on which it turns, the gudgeon ; and the 
fixed piece of wood or iron, into which it is placed, is 
Called the block. 

Doctrine qf the Pulley.— 1. If the equal weights p 
and w hang by the cord eb upon the pulley a, whose 
block b is fixed to the beam hi, they will counterpoise 
each other, just in the same manner as if the cord wore 
cut in the middle, and its two ends hung upon the hooks 
fixed in the pulley at a and a, equally distant from the 
centre. 



Hence, a single pulley, if the lines of direction of the 
power and the weight be tangents to the periphery, neither 
assist* nor impedes the power, but only changes its direc¬ 
tion. The use of the pulley therefore, is when the vertical 
direction of a power is to be changed into an horizontal 
' one; or an ascending direction into a descending one;, &c. 
This is found a good provision for tbo safety of the work¬ 
men employed in drawing with the pulley. And this 
change of direction by means of a pulley has this further 
advantage; that if any power can exert more force in one 
direction than another, wc are hence enabled to employ 
it with its greatest effect; as for the convenience of a horse 
to draw in a horizontal direction, or such like. 

But the great use of the pulley is in combining several 
of them together; thus forming what Vitruvius and others 
call polyspast*; the advantages of which are, that the ma¬ 
chine takes up but little room, is easily removed, and 
raises a very great weight with a moderate power. 

2 When a weight w hangs at the lower end of the 
moveable block p of the pulley p, and the cord or goes 
under the pulley, it is evident that the part o of the cord 
bears one half of the weight w, and the part v the other 
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half of it ; for they bear the whole between them ; there¬ 
fore whatever holds the upper end of either rope, sustains 
one half of the weight ; and thus the power r, which draws 
the cord V by means ol the cord e, passing ox er the fixed 
pulley c, will sustain the weight w when its intensity is 
only equal to the half of w ; that is, in the case of one 
moveable pulley, the power gained is as 2 to 1, or as the 
number of ropes G and f to the one rope c. 

In like manner, in the case of two moveable pulleys v 
and i., each of these also doubles the power, and produces 
a gain of -I to 1, or as the number of the ropes q, m, s, k, 
sustaining the weight w, to the L rope o sustaining the 
power x ; that is, w is to - r as l to 1. And so on, for any 
number of moveable pulleys, viz,3 such pullers producing 
an increase of power as 6 to I ; 4 pulleys, as 8 to 1 ; 
&c ; each pulley adding 2 to the number. Also the effect 
is the same, when the pulleys are disposed as in the fixed 
block X, and the other two as in the moveable block V ; 
these in the lower block giving the same advantage to the 
power, when they rise all together in one block with the 
weight. 

But if the lower pulleys do not rise all together in one 
block with the weight, but act upon one another, having 
the weight only fastened to the lowest of them, the force 
of the power is still more increased, each power doubling 
the former numbers, the gain of power in this ease pro¬ 
ceeding in the geometrical progression, 1, 2, 4, 8 , lG, &c, 
according to the powers of 2; whereas in the former case, 
the gain was only in arithmetical progression, increasing 
by the addition of 2. Thus, a power whose intensity is 
equal to 8lb applied at a will, by means of the lower pul¬ 
ley a, sustain l61b ; and a power equal 
to 4lb at b, by means of the pulley, will 
sustain the power of 8 lb acting at a, and 
consequently the weight of 161b at w ; 
also a third power equal to 21b at c, by 
means of tho pulley c, will sustain the 
power of 4lb at b ; and a fourth power 
of lib at d, by means of tho pulley d, 
will sustain the power 2 at c, and conse¬ 
quently the power 4 at b, and the power 
8 at A, and the weight l 6 at w. 

3 . It is to bo noted however, that, in 
whatever proportion the power is gained, 
in that very same proportion is tho 
length of time increased to produce the 
same effect. For when a power moves 
a weight by means of several pulleys, 
the space passed over by the power is 
to tho space passed over by the weight, 
as the weight is to the power. Hence, 
the smaller a force is, that sustains a 
weight by means of pulleys, the slower ... 

is tho weight raised; so that what is saved or gained in 
force, is always spent or lost in time; which is the general 
property of all the mechanical powers. 

The usual methods of arranging pulleys in their blocks, 
may be reduced to two. The first consists in placing them 
one by the side of another, on tho same pin ; the other, in 
placing them directly under each other, on separate pins. 
Each of these methods however is liable to inconvenience; 
and Mr. Smeaton, to avoid the impediments to which these 
combinations are subject, proposes to combine these two 
methods in one. See the Philos. Trans. vol.47i pa. 494. 
Some instances of such combinations of pulleys are exhi- 
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bited in the following figures ; besides which, there are 
also other varieties of forms. 

A very considerable improvement in the construction of 
pulleys has been made by Mr. James White, who has ob¬ 
tained a patent lor his invention, and ol which he gives 
the following description. The last of the three following 
figures shows the machine, consisting of two pulleys q and 
n, one fixed and the other moveable. Each of these has 
six concentric grooves, capable of having a line put round 
them, and thus acting like as many different pulleys, hav¬ 
ing diameters equal to those of the grooves. Supposing 
then cacli of the grooves to he a distinct pulley, and that 
all their diameters were equal, it is evident that if the 
weight 11 t were to be raised by pulling at s till the pul¬ 
leys touch each other, the first pulley must receive the 
length of line as many times ns there are parts of the line 
hanging between it and the lower pulley. In the present 
case, there are 12 lines, b , </, /, &c, hanging between the 
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two pulleys, formed by its revolution about the six upper 
and lower grooves. lienee as much line must pass over 
the uppermost pulley as is equal to 12 limes the distance 
of the two. But, from an inspection of the figure, it is 
evident, that the second pulley cannot receive the full 
quantity of line by as much as is equal to the distance be¬ 
tween it and the first. In like manner, the third pulley 
receives less than the first by as much as is the distance 
between the first hnd third ; and so on to the last, which 
receives only T ^th of the whole. For this receives its share 
of linen from a fixed point in the upper frame, which gives 
it nothing; while all the others in the same frame receive 
the line partly by turning to meet it, and partly by the 
line coming to meet them. 

Supposing now these pulleys to be equal in size, and to 
movp freely us the line determines them; it appears evi¬ 
dent, from the nature of the system, that the number of 
their revolutions, and consequently their velocities, must 
be in proportion to the number of suspending parts that 
arc between the fixed point above mentioned, and each 
pulley, respectively. Thus the outermost pulley would go 
12 times round in the time that the pulley under which 
the part n of the lind?, if equal to it, would revolve only 


once ; and the intermediate times and velocities would be 
a series of arithmetical proportionals, of which, if the first 
number were 1, the last would always be equal to the 
whole number of terms. Since then the revolutions of 
equal and distinct pulleys arc measured by their veloci- 
ties, and that it is possible to find any proportion of velo¬ 
city, on a single body running on a centre, viz, by finding 
proportionate distances from that centre ; it follows, that 
if the diameters of certain grooves in the same substance 
be exactly adapted to the above series (the line itse lf being 
supposed inelastic, and of no magnitude) the necessity 
of using several pulleys in each frame will be obviated, 
and with that some of the inconvcnicncies to which the 
use of the pulley is liable. 

In the figure referred to, the coils of rope by which 
the weight is supported, are represented by the lines a 9 b 9 c 
&c ; a is the line of traction, commonly called the fall, 
which passes over and under the proper grooves, until it 
is fastened to the upper frame just above n. In practice, 
however, the grooves arc not arithmetical proportions, 
nor can they be so ; for the diameter of the rope em¬ 
ployed must in all eases be deducted from each term ; 
without which the smaller grooves, to which the said dia¬ 
meter hears a larger proportion than to the larger ones, 
will tend to rise and fall faster than they, and thus intro¬ 
duce worse defects than those which they were intended 
to obsiatc. • ' ’ - , 

The principal advantage of this kind of pulley is, that 
it destroys lateral friction, and that kind of shaking mo¬ 
tion which is so inconvenient in the common pulley. 
And lest (says Mr. White) this circumstance should 
give the idea of weakness, I would observe, that to have 
pins for the pulleys to run’ on, is not the only nor per¬ 
haps the best method ; but that I sometimes use centres 
fixed to the pulleys, and revolving on a very short hear¬ 
ing in the side of the frame, by which strength is in¬ 
creased, and friction very much diminished ; for to the 
last moment the motion of the pulley is perfectly circu¬ 
lar: and this very circumstance is the cause of its not 
wearing out in the centre ns soon as it would, assisted 
by the ever increasing irregularities of a gullied bearing. 
These pulleys, when well executed, apply to jacks and 
other machines of that nature with peculiar advantage, 
both ns to the time of going and their own durability ; 
and it is possible to produce a system of pulleys of this 
kind of six or eight parts only, and adapted t6 the 
pockets, which, by means of a skain of sewing silk, or a 
clue of common thread, will raise upwards of an hun¬ 
dred weight. ■ * ^ i * p 

As a system of pulleys has no great weight, and lies in 
a small compass, it is easily earned about, and be 
applied foi' raising weights in a great many eases, where 
other engines cunnot be used. But they are subject to a 
great deal of friction, on the following accounts ; visq 1st, 
because the diameters of their axejs bear a very consider¬ 
able proportion to their own diameters; 2d, because in 
working they arc apt to rub against each other, or agujnst 
the sides of the block; 3dly, because of the stiffness of 
the rope that goes over and und^Hhem. ’ §ce Ferguson** 
Mcch. pa. 37, 4to. \ J? . 

But the friction of the pujley is now reduced to no¬ 
thing ns it were, by the ingeijipus Mr. Garnett’s patent 
friction rollers, which pro&UcG a great saving of labour 
and expense, as well as in the wcur of the machine, both 
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when applied to pulleys and to the axles of whecl-car- 
riaucs. His general principle is this: between the axle 
and nave, or centre pin and box, a hollow space leit, 
to be tilled up by solid equal rollers nearly touching each 
other. These are furnished with axles inserted into a cir¬ 
cular ring at each end, by which their relative distances 
are preserved ; and they are kept parallel by means of 
wites fastened to the rings between the rollers, and which 
are rivetted to them. 

The above contrivance is exhibited in the annexed 
figure ; where abcd represents a piece of metal to be in¬ 
serted into the box or nave, of which I. is the ccntre- 
pin or axle, and 1, 

1 , 1, &c, rollers of 
metal having axes in¬ 
serted in the brazen 
circle which passes 
through their centres; 
and both circles be¬ 
ing rivetted together 
by means of bolts 
passing between the 
rollers from one side 
of the nave to the 
other; and thus they 
arc always kept sepa¬ 
rate and parallel. . . 

PUMP, in Hydraulics, a machine for raising water, 

mul other fluids.—Pumps arc probably ot very ancient 
use. Vitruvius ascribes the invention to Ctcsches ot 
Athens, some say of Alexandria, about 120 years before 
Christ. They are now of various kinds. As the isuck- 
ing Pump, the Lifting Pump, the Forcing l’uinp. Ship 
Pumps, Chain Pumps, &c. By means of the lifting 
and forcing pumps, water may be raised to any height 
with a sufficient power, and an adequate apparatus : but 
by the slicking pump, the water being only raised by the 
•’cncral pressure of the atmosphere on the surface of the 
well, is limited in its ascent to about 33 or 3+ feet; 
though in practice it is seldom applied to the raising it 
much above 28 ; because, from the variations observed 
in the barometer, it appears that the air may sometimes 
be lighter than 33 feet of water; and whenever that hap¬ 
pens, for want of the due counterpoise, tins pump will 

fail in its performance. 

The Common Sucking Pump.— This consists of- a pipe, 
of wood or metal, open at both ends, having a fixed valve 
in the lower part ol it opening upwards, and a moveable 
valve or bucket by vvhigh the water is drawn or lifted up. 
This bucket is Just the size of the bore ol the pump-pipe, 
in that part wmirc it works, and leathered round so as to 
lit If rvery close, that no air may pass by the sides ofJtJ 
thevaHc hole being in the middle of the bucket. 1 he 
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bucket n is pushed down, which shuts the valve c, and 
prevents the return of the waier downwards, which opens 
the valve i>, by which the water ascends above it. And 
thus, by repeating the strokes of the pump-rod handle, 
the valves alternately open and shut, and the wafer is 
drawn up at every stroke, and runs out at the nozle or 

spout near the top. 

The Lifting Pimp differs from the sucking pump only 
in the disposition of its valves and the form A its piston 
frame. This kind of pump is represented in ng. 2 , pi. 
2S ; where the lower valve u is moveable, being worked 
up and down with the pump rod, which lifts- ,llC " a,c ^ 
tip, and so opens the upper valve c, which is fixed, and 
permits tl»o water to issue through it, and run out at ■ M • 

’i hen as the piston i> descends, the weight of the water 
above c shuts that valve c, anil so prevents its return, till 
that valve be opened again by another lift of the piston 
p. And so on alternately. 

The Forcing Pi mp raises the water through the sucker, 
or lower valve c (fig. 3 , pi. 2 S), in the same manner as 
the sucking pump; hut as the piston or plunger u has 
no valve in it, the water cannot get above it when tins 
is pushed down again; instead ot which, a side pipe 
is inserted between c and n, having a fixed valve at l. 
opening upwards, through which the water is forced out 
of the pump by pushing dow n the plungt r l). 

To the foicing pump is sometimes adapted an n.r ves¬ 
sel, in which the air being compressed by the water, by its 
elasticity acts upon the water again, and forces it out to 
a orcat distance, and in a continued stream, instead of by 
jets or jerks. So, Newsham's engine, for extinguishing 
tires consists of two forcing pumps, which alternately 
drive water into a close vessel of air, by which means the 
air in it is condensed, and compresses the water so 
stroii"!v, that it rushes out with great iiftpctuoaitv and 
forcc tiirough a pipe that comes down into*it, making a 
continued uniform stream.—By means of forcing pumps, 
wafer may be raised to any height w hatever above the 
level of a river or spring; and machines may be con¬ 
trived to work these pumps, cither by a running stream, 

a full of water, or by horses. 

Observations on Pumps.—' The force required o work a 
pump, is equal to the weight of water raised at each 
stroke, or equal to the weight of water filling the cavity 
of the pipe, and its height equal to the length ot the 
stroke made by the piston. Hence if d denote the dia¬ 
meter of the pipe, and / the length of the stroke, both 
in inches; then is 785 \d*l the content of the water, 
raised at a stroke, in inches, or -0928a*/ in ale gallons, 

and the weight of it is ^ ounces or lb. But if 
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bucket is commonly worked in the upper part of the 
barrel by a short rod, and another fixed valve placed 
just bclrfw the-descent of the bucket. Thus, (fig. 1, 
til. 28), ad is the pump-pipe, c the lower fixed valve, 
opening upwards, and u is the bucket, or moving valve, 

also opening upwards. ... 

In working the puma; draw up the bucket D,by means 
of the pump rod, havirtf any kind of a handle fixed to 
if this draws up the water that is abovejl, Or if not, 


the handle of the pump be a lever which gains in the 
power of p to 1, tlk- force of the hand to woik tn. 

jgLlb, or, when p} is 5 for in- 
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pump will be only 


stance, it ..ill M ">■ Al “> *“* orer J ab ° V0 
the friction of the moving parts of the pump. 

Ctesehcss Pump, acts both by suction ami by pression. 
Thu- a brass cylinder abcd (tig. 5, pb 28), furnished 
with ’a valve at u, is placed in the water. In this is 
fitted the piston km, made of green wood, which will 

it: mis man* “i» -- , • '. i nnt swell in thc’water, which is adjusted to the nper- 

the air ; in cither case the water pushes up^ic valvcc, not s with a Covering of leather, but with* 

and enters to supply the void left-between Fomin, be- ^of‘h^cy ^ N „ f s fitted on at „, with 

asri-tf ;vrrs. u. a ^ is. w* ^ 
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the water opens the valve i., and rises into the cavity of 
the cylinder. — When the piston is depressed again, the 
valve i is opened, and the water is driven up through the 
tube jin'. This was the pump used among the ancients, 
and that from which the others have been deduced. Sir 
Samuel Morland lias endeavoured to increase its force by 
lessening the friction ; which lie has done in a great de¬ 
gree. There are various kinds of pumps used in sh'ps, 
for throwing the water out of the hold, and on other oc¬ 
casions, as the chain pump, &c. 

A Table by which the Quantity and Weight of Water 
in a Cylindrical Bore of any given Diameter and Per¬ 
pendicular Height, may be found; and consequently, 
the Degree of Power that will be requisite to work any 
Hydraulic Engine. By Jamfs Ferguson, f. n.s. 


IVft 

Diameter c 

»f the Cylindrical Bore 

# 

one Inch. 

High. 

Quantity of Water in 

Weight of Water in 

In Avoirdupois 


Cubic Incliff. 

Troy Ounces. 

Ounces. 

1 

9-4247781 

4*9712340 

5 4541539 

2 

18-8495502 

9 9424680 

10008307 8 

3 

282743343 

14*9137020 

16*3624617 

4 

37-699H24 

19*8849360 

21*8166156- 

5 

47 1238905 

24*8561700 

27 2707695 

6 

56-5486686 

298274O40 

32-7249234 

7 

65*9734467 

3 4*7 9863 SO 

38-1790773 

8 

75-39S2248 

39 7698720 

43-6.332312 

9 

84-8230029 

44*7411060 

49*0873851 


The numbers to the right hand from the points in each 
column arc decimals. 

For tens of feet higlr, remove the decimal points one 
place forward; for hundreds of feet, two places; for 
thousands of feet, three places ; and so on. 

Then, multiply the sums by the squurc of the diame¬ 
ter of the given bore ; and the products will be the quan¬ 
tity of water in the pipe, in cubic inches, and in troy and 
avoirdupois ounces. 

Example.—Q u. The Quantity and Weight of Water in 
an upright Pipe whotc Bore is 10 Inches in Diameter, and 
its Height 208 Feet? —The Square of 10 is 100. 

Feet high. Cubic Inches. TrojrOunce*. Avoird. Ounces. 

200 - 1884-95562 - 99424680 - 1090*83078 

8 - 75*39822 - 3976897 - 43*63323 

208 - 196035384 - 103401577 - 113446401 

Multiply by - 100 - _100 - f _100 

A ns. 196035-384 - 103401*577 - 113446*401 

Which number of cubic inches being divided by 231 
(the number of cubic inches in a wine gallon) gives 
848-^r for the number of gallons of water in the pipe j 
and the respective weights, 103401-577 and 113446-401,' 
being divided by 12 and by 16 , give 8616 ^ for the num¬ 
ber of-troy pounds, and 7090^ for the numbor of avoir¬ 
dupois pounds of water. The power of an engino equal 
to the weight will just balance the water; but the engine 
must have as much more power as will be sufficient to 
overcome the friction of its working parts.—In pumps, it 
mutters not what the diameter of any part of the boro 
be, besides that part in which the piston or bucket works; 
for, the power requisite to work them wiU be thes/unc as 
jf the whole bore was of that diameter throughout. 

Air- Pump, in Pneumatics, is a machine, by means of 
which the air is emptied out of..vessels, and a kind of 
vacuum produced in them, * For* the particulars of 
which, see Air -Pump.' * 


PUNCHEON, a measure for liquids,-containing J of 
a tun, or a hogshead and J, or 84 gallons.. 

PUNCHINS, or Punch ions, in Building, short pieces 
of timber placed to support some considerable weight. 

PUNCTATED Hyperbola , in the higher geometry, an 
hyperbola, whose conjugate oval is infinitely small, that 
is, a point. 

PUNCTUM ex Comparatione, is either focus, in the el¬ 
lipse or hyperbola ; so called by Apollonius, because the 
rectangle under two abscisses made at the focus, is equal 
to one-fourth part of what he calls the figure, which is the 
square of the conjugate axis, or the rectangle under the 
transverse and the parameter. 

Punctum Duplex , double point, in the higher goome* 
try, a point where two branches of a curve intersect. See* 
Curve, Lemniscate, &c. 

PURBACH (George), a very eminent mathematician 
and astronomer, was born at Purbach, a town upon tho 
confines of Bavaria and Austria, in 1423, and educated 
at Vienna. He afterwards visited the most celebrated 
universities in Germany, France, and Italy ; and found 
n particular friend and patron in Cardinal Cusa at Rome. 
Returning to Vienna, he was appointed mathematical 
professor, in which office he continued till his death, 
which happened in 1461, in the 39 th year of his ago 
only, to the great loss of the learned world. 

Purbach composed a great number of pieces, on ma¬ 
thematical and astronomical subjects; and his fume 
brought many students to Vienna, and among them, tho 
celebrated Regiomontanus, between whom and Purbach 
there subsisted the strictest friendship and union of- 
studics till tho death of tho latter. These two cele¬ 
brated mathematicians laboured together to improvo 
every branch of learning, by all the means in their 
power, though astronomy seems to have been the favou¬ 
rite of both; and had not the immature death of Pur¬ 
bach prevented his further pursuits, thcro is no doubt 
but that, by their jpint industry, astronomy would havo 
been cultivated to a very great degree. That this is not 
merely surmise, may be learnt from those improvements 
which Purbach actually did make, to reader tho study 
of it more easy and practicable. His first essay was, to 
amend the Latin translation of Ptolemy's Almagest, which 
had been made from the Arabic version; which he did, . 
not by tho help of the Greek text, for he was unacquaint¬ 
ed with that language, but by drawing tho most probablo 
conjectures from a strict attention to the senso of tho 
author. 

Ho then proceeded to other works, and among them, 
he wrote a tract, which ho entitled, An Introduction to 
Arithmetic; then a treatise on Gnomontfes, or Dialling, 
with tables suited to the difference of climates or lutiltules; 
alsq a small tract concerning the i^litudes of the Sun, 
with a table; also, Astrolabic Canons, with a table of the 
parallels, proportioned to every degree of the equi¬ 
noctial. 

After this, he constructed Solid Spheres, or Celestial 
Globes, nnd composed a new table of fixed stars, adding 
tho longitude by which every star, since tho time of 
Ptolemy, had increased, He also invented various other 
instruments, among which was tHfe Gnomon, or Geome¬ 
trical Square, with canons and a table for the use of it. 

He not qaly collected thg various tables of the Prlroum 
Mobile, bwadded new ones. Ho made very great im¬ 
provements in Trigonometry* and by introducing the table 
of Sines, by a ducftnal division of tbe radius, he quite 
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changed tbfcjjipfcarance of that science: he supposed the 
radius to l>£ Uividcd into 600,000 equal parts, and com¬ 
puted thesbVos of the arcs, for every ten minutes, in such 
equal parts of the radius, by the decimal notation, instead 
of the duodecimal one delivered by the Greeks, {Uid pre¬ 
served even by the Arabians till our author s time; a pro¬ 
ject which was completed by his friend Regiomontanus, 
who computed the sines to eveiy minute o! the quadrant, 
in 1,000,000th parts of the radius. 

Having prepared the tables ot the fixed stars, he next 
undertook to reform those.ol the planets,.and constructed 
some entirely new ones. Having finished his tables, he 
wrote a kind ol Perpetual Almanac, but chiefly for the 
moon, answering to the periods of Meton and Calippus; 
also an Almanac for the Planets, or, as Regiomontanus 
afterwards called it, an Kphemeris, for many years. But 
observing that there were some planets in the heavens at 
a great distance Irom the places where they were described 
to be in (be tables, particularly the sun and moon (the 
eclipses of which were ob>erved frequently to happen very 
different from the times predicted), lie applied himself to 
construct new tables, particularly adapted to eclipses; 
which were long alter famous tor theirVxactness. Io the 
same time may be referred his finishing that celebrated 
work, entitled, A New Theory ol the Planets, which Re¬ 
giomontanus afterwards published the first ol all the works 
executed at his new printing-house. 

PURI*: Hyperbola , is an Hyperbola without any oval, 
node, cusp, or conjugate point ; which happens through 
the impossibility of two of its roots. 

Pi'iiK Mathematics , Proposition , 2uadratics y &c. Sec 
the several articles. 

PURLIN LS, in Architecture, those pieces of timber 
that lie across ihe rafters on the inside, to keep them Iroin 
sinking in the middle of their length. 

PYRAMID, a solid having any plane figure for its base, 
and its sides triangles whose vertices all meet in a point at 
the top, called the vertex of tfcc pyramid ; the base of 
each triangle being the sides of the plane base ot the pyra¬ 
mid.—The number of triangles is equal to the number of 
the sides of the base ; and a cone is a round pyramid, or 
one having an infinite number of sides.—The pyramid is 
also denominated according to the figure of its base, being 
triangular when the base is a triangle, quadrangular w hen 

a quadrangle, &c. • * - 

The axis of the pyramid, is the line drawn from the 
vertex to the centre of the base; and when this axis is per¬ 
pendicular to the base, the pyramid is said to be a right 
one ; otherwise it is oblique. 

1. A pyramid may be conceived to be generated by a 
line moved about the vertex, and so carried round the pe¬ 
rimeter of the base. 

2. All pyramids having equal bases and altitudes, arc 
equal to one another : whatever may be the figures of 
their bases. 

3. Every pyramid is equal to one-third of the circum¬ 
scribed prism, or a prism of the same base and altitude ; 
and therefore the solid content of the pyramid is found 
by multiplying the base by the perpendicular altitude, aud 

taking f of the product. 4 , ... 

4 . The upright surface of a pyramid, is found by adding 
together the areas of all the triangles which form that 

6 . If a pyramid be cut by. a plane parallel to the base. 


the section will Lc a plane figure bimilar lo the base; and 
these two figures will be in proportion to each other as the 
squares of their distances lioin the vertex of the pyramid. 

6 . The centre of gravity of a pyramid is distant from 
the vertex } of the axis. 

Frustum of a Pyramid, is the part left at the bottom 
when the lop is cut off by a plane parallel to the base. 

The solid content of tlie liustum of a pyramid is found, 
by first adding into one sum the areas ol the two ends and 
the mean proportional between them,-ihe 3d part of which 
sum is a medium section, or it is the ba^.e of an equal 
prism ol the same altitude ; and therefore this medium 
area or section multiplied by the altitude gives the solid 
content. So, if a denote the area of one end, a the area 
ot the other end, and h the height ; then y (a a 

y/Aci) is the medium area or section: and y (a a -t- 

y/A a) x h is the solid content. 

Pyramids of E?ypt y are very numerous ; but the most 
remarkable an- the three pyramids of Memphis, or, as 
they are now calhd, of Gheisa or Gize. These arc square 
pyramids, and the greatest ol them measures 700 feel on 
each side of the base, and the oblique height or slant side 
measures the same ; and its Imsc covers, or stands upon, 
nearly 11 acies of ground. It is thought by some that 
these pyramids were designed and used as gnomons, for 
astronomical purposes; and it is remarkable that their 
four sides are accurately in the direction of the four car¬ 
dinal points ol the compass, east, west, north, and south. 

PYRAMIDAL Numbers, arc the sums of polygonal 
numbers, collected after the same manner as the poly¬ 
gonal numbers themselves arc found from arithmetical 
progressions. These arc particularly called First pyrarai- 
dals. The sums of first pyramidals are called second py¬ 
ramidal*; and the sums of the 2d are 3d pyramidals j and 
so on. Particularly, those arising from triangular num¬ 
bers, are called Prime Triangular Pyramidals; those 
arising from pentagonal numbers, arc called Prime Pen¬ 
tagonal Pyramidals; and so on. 

The numbers 1, I0> 20, 35, 

formed by adding the tri-7 , 3> o, 10> 15> 

angular* 3 

arc usually called simply by the name of pyranjidals; and 

the general formula for finding them is n x - x - ; 

so the 4th pyramidal is found by substituting 4 for n ; the 
5th by substituting 5 forn; &c. See Iigukate Numbers , 
and Polygonal lumbers. 

PYUAM1DOID, is sometimes used for the parabolic 
spindle, or the solid formed by the rotation of a semipa¬ 
rabola about its base or greatest ordinate. See Para¬ 
bolic Spindle. • 

PYROMETER, or firc-measnrer, a machine lor mea¬ 
suring the expansion of solid bodies by heat. Musschen- 
broek was the first inventor of this instrument ; though it 
has since received several improvements by other philo¬ 
sophers. He has given a table of the expansions of the 
different metals, with various degrees of heat. Having 
prepared cylindric rods of iron, steel, copper, brass, tin, 
and lead, he exposed them first to a pyrometer with ono 
flame in the middle ; then with two flames ; then succes¬ 
sively with three, four, and five flames. The effects were 
as in thefollowing Table, where the degrees of expan¬ 
sion are marked in parts equal to the 12500th part of an 
inch. 
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KxpaiiMOti of 


By 1 flame 
By 2 flames 1 
placed close > 
together J 
By 2 flames at 

r 

2 {- inchcsdis- 
tant 

By 3 flames 
close together 
By 4 flames 
closctogether 
By 5 Haines 




109 


142 


211 

230 


Steel Copp. 

Bra*s Tin 

85 89 

110 153 

123 115 

220 

94 92 

141 219 

168 193 

j 275 

270 270 

361 ’ 

310 310 

1 377 


Load 


274 
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Tin easily melts when heated by two flames placed close 
together; and lead with three flames close together, when 
they burn long. 

It hence appears that the expansion of any metal is in a 
less degree than the number of flames: so two flames give 
less than a double expansion, three flames less than a triple 
expansion, and so on, always more and more below the 
ratio of the number of flames. And the flames placet! to¬ 
gether cause a greater expansion, than with an interval be¬ 
tween them. 

For the construction of Musschcnbroek’s pyrometer, 
with alterations and improvements upon it by Desaguliers, 
see Desag. lixper. Philos, vol. 1, pa. 421 ; see also Muss- 
chcnbrock’s translation of the Experiments of the Academy 
del'Cimenlo, printed at Leyden in 1731; and for a pyro¬ 
meter of a new construction, by which the expansions of 
metals in boiling fluids may be examined and compared 
with Fahrenheit's thermometer, sec Mussch. Introd. Philos. 
Nat. 4to, 1762, vol. 2, pa. (>10. • 

But as it has been observed, that Musschenbroek's py¬ 
rometer was liable to some objections, these have been re¬ 
moved in a great measure by Ellicott, who Juts given a 
description of his improved pyrometer in the Philos. Trans, 
numb. 413. This instrument measures the expansions to 
the 7200th part of an inch; and by means of it, Mr. Elli¬ 
cott found, on a medium, that the expansions of bars of 
different metals, as nearly of the same dimensions as pos¬ 
sible, by the same degree of heat, were as below : 

Gold SiUcr Bras* Copper Iron Steel Lend 

* 73 103 95 * 89 GO * 56 149 

The great difference between the expansions of iron and 
brass, has been applied with good success to remove the 
irregularities in pendulums arising from heat. Philos. 
Trans, vol. 47, pa. 485. 


the instrument and bar, and to a mercurial thermometer 
immerged in it, fur ascertaining that degree. 

With this pyrometer Mr. Smeaton made several experi¬ 
ments, which are arranged in a table ; and he remarks, 
that their result agrees very well with the proportions of 
expansions of several metals given by Mr. Ellicott. The 
following table shows how much a foot in length of each 
ractalVfcxnands by an increase of heat correspondin'; to 
ISO' of Fahrenheit's thyrmorncter, or to the difference 
between tiro temperatures of freezing and boiling water, 
expressed in the 10000th part of an inch. 

1. White glass barometer tube . - - 100 

2. Martial regulus of antimony - - 130 

o. Blistered steel - - - 138 

4. Hard steel - - - -147 

5. Iron - - 151 

6. Bismuth - - 107 

7. Copper, hammered • - 204 

8. Copper S parts, mixed with 1 part tin ’ - 218 

}). Cast brasT - - 225 

10. Brass lb' parts, with 1 of tin - - 229 

11. Brass wire - - 232 

12. Speculum metal^ - - 232 

13. Spelter solder, viz 2 parts brass and 1 zinc 247 


14. Fine pewter - 

15. Gj^iin tin - 

lb. Soft solder, viz lead 2 and tin 1 

17- Zinc 8 parts with tin 1 , a little hammered 

18. Lend - 

19. Zinc or spelter 

20. Zinc hummered half an inch per foot 
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- 298 

- 301 

- 323 

- 344 

- 353 

- 373 


For a further account of this instrument, with its use, 
see Philos. Trans, vol. 48, pa. 59 8 . 

Mr. Ferguson has constructed, and described a pyro¬ 
meter (Lcct. on Mechanics, Suppl. pa. 7, 4to), which 
makes the expansion of metals by heat visible to the 
45000th part of an inch. And another plan of a pyro¬ 
meter has lately been invented by M. Dcluc, in conse¬ 
quence of a hint suggested to him by Mr. Knmsden : for 
an account of which, with the principle of its construc¬ 
tion and use, both in the comparative measure of the ex¬ 
pansions of bodies by heat, und the measure of their 
absolute expansion, as well as the experiments made with 
it, sec M. Deluc’s elaborate essay on pyrometry &c, in 
the Philos. Trans, vol. 68 , pa. 419 &c. 

Other accurate and ingenious contrivnncds, for the 
measuring of expansions by heat, have been made by Mr. 
Bamsden ; which he has successfully applied in the case 


Trans/vol. 47, pa. 485. * of the measuring rods and chains lately employed, by 

Mr. Grahum used to measure the minute expansions of General Roy ami Col. Williams, in measuring the base 
metal bars, by advancing the point of a micrometer screw, on Hounslow Ilcath, &c; which determine the expan¬ 
till it sensibly stopped against the end of the bar to be sions, to great minuteness, for each degree of the thermo- 
measured. This screw, being small and very lightly hung, meter. Sec Philos. Trans. 1785, &c. 
was capable of agreement within the 3000 or 4000th part | PYROPHORUS, the name usually given to that sub- 
of an inch. And on this general principle Mr. Smeaton stance by some called black phosphorus ; being a chemi- 
contrived his pyrometer, in which the measures are dc- cal preparation possessing the singular property of kin- 
termined by the contact of a piece of metal with the point dling spontaneously when exposed to tho air; which wasj* 
'of a micrometer-screw. This instrument makes the cx- accidentally discovered by M. Hombcrg, whoprepared it* 
pansions sensible to the 2345th part of an inch. And when of alum and human faeces. Though it has since been 
it is used, both tho inctrnmnnt nnd lhi* har to be measured found, bv the son of M. Lemcri. that the faeces aro not 


it is used, both the instrument nnd the bar to be measured found, by the son of M. Lemc/i, that the faeces aro not 
arc immerged in a cistern of water, heated to anj? degree, necessary to it, but that honey, sugar, flour, and any 


up to boiling, by means of lamps placed under the cistern; 
and the water communicates tho same degree of heat to 


animul or vegetable matter, may be used instead of tho 
faeces; aud M. DcSuvigny has shown that most vitriolic 
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salts may l»c substituted for the alum. See Priestley's 
Ote,.»« Air, vol.3, Apptnd. pa. 3S6, and vol.4, Append. 

'’VvROTRCHNY, the art of fire, or the science ahich 
teacl.es the application and management of fire in seven, 
operat^o.is. Pyrotecl.ny is of two hinds, m.h.ar, and 

dl S^ PvnoTECs' v, is the science of artificial fire- 
works and lit e-arms, teaching the structure and use bo h 
of those employed in war, as gunpowder, cannon, shells, 
carcasses, „,n.cs, fusees,&c ; and of those made lor amuse- 
ment as rockets, stars, serpents, &c.—tsoinc call p> i 
tcchny by t!,e name artillery ; though that word ts usually 
confined to the instruments employed in war. Otlu.s 
choose to call it pyrobology, or rather pyroballogy, or 
Sc an “f missile fiJI-Wolfins has reduced pyrottxhny 
into a kind of mixed mathematical art. Indeed t » 
not allow ..f geometrical demonstrations; but he brings 
ii°to tolerable rules and reasons; whereas .t had former y 
been treated by authors at random, ami without rc a 
,o any reasons at all. See the several art.cles Casnos, 

Gunpouheu, Hockrt, Shell, &c. 

Chemical Pyrotechny, is the art of nrnna *" 
applying fire in distillations, calcinations, and other^op - 
rations Sf chemistry. Some reckon a third kind of pyro¬ 
techny, viz,* the art of fusing, refining, and prcpann 0 

n> V’Y T H A G O R A S, one of the most celebrated philoso¬ 
phers of antiquity, was born about the 4, th Olympiad, 
or 590 years before Christ. H.s father's pr.ncpa res- 
deuce was at Samos, hut being a travelling merchant, his 
son Pythagoras was born at Sidon in Syria ; but soon re¬ 
turnin'- home again, our philosopher was brought up at 
Samost where he was educated in a manner that was 
answerable to the great hopes that «crc co.Ke.vcd of him 
lie was called “ the youth with a fine head of hair , and 
from the great qualities that soon appeared in him, ho 
was regarded as a good genius sent into the world for the 

benefit of mankind. 

Samos however afTordcd no philosophers capable of 
satisfying his thirst for knowledge; and therefore, at i 
years of age, he resolved to travel in quest of them elsc- 

wJicrc. 'Hie fame of Phcrecydcs drew him first to the 
island of Syros : from hence he went to Miletus,Vhe re he 
conversed with Thales. He then travcUcd to Ph«nic a 
and stayed some time at Sidon, the place of bis birth, and 
from hence he passed into Egypt, where I hales and 

Solon had been before him. • . 

Having spent 25 years in Egypt, to acquire all the 

learning and knowledge he could procure in that country, 
he travelled with the. same view through Chaldea, and 
-visited Babylon and India. Returning after some time, 
he went to Crete ; and from hence to Sparta, to be in¬ 
structed in the laws of Minos and Lycurgus. Vie then 
returned again to Samos; but finding it under the tyranny 
of Polycrates, he quilted it again, and visited the several 
countries of Greece: passing through Peloponnesus, lie 
•j| stopped at Phlius, where Leo then reigned, who was much 
surmised with }iis eloquence and wisdom. 

From Peloponnesus he went into Italy, and passed some¬ 
time at Ileraclea, and at Tarenturn, but made Ins chief 
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not to be wondered, that he was soon attended by a crowd 
of disciples, who repaired to him from different parts ol 
Greece and Italy. 

He «avc his scholars the rules of the Egyptian priests, 
and inudc them pass through the austerities which h- 
himself had endured, lie at first enjoined them a five 
years silence in the school, during which they were only 
to hear; after which, leave, was given them to start 
questions, and to propose doubts, under the caution how¬ 
ever, to say, “ not a little in many words, but much in a 
few.” Having gone through their probation, they were 
obliged, before they were admitted, to bring all their tor- 
tumfinto the common stock, which was managed by per¬ 
sons chosen on purpose, and called economists, and the 
whole community had all things in common. 

The desire of concealing their mysteries induced the 
Egyptians to make use of three kinds of styles, or ways ol 
expressing their thoughts; the simple, the hieroglyphical. 
and the symbolical. In the simple, they spoke plainly 
and intelligibly, as in common conversation ; in the hic- 
ro«lypliical, they concealed their thoughts under certain 
ima.es and characters; and in the symbolical, they ex¬ 
plained them by short expressions, which, under a sense 
plain and simple, included another wholly figurative. 
Pythagoras borrowed these three different ways Iron* the 
Egyptians, in all the instructions he gave; but chiefly 
imitated the symbolical style, which he thought very 
proper to inculcate the greatest and most important 
truths: for a symbol, by its double sense, the proper and the 
figurative, teaches two things at once ; and nothing pleases 

the mind more, than the double image it represents to our 

• 

* In this manner Pythagoras delivered many excellent 
things concerning God and the human soul, and a great 
variety of precepts, relating to the conduct of life, both 
political and civil; he made also some considerable dis¬ 
coveries and advances in the arts and sciences, lhus, 
among the works ascribed to him, there' arc not only 
books of pbvsic, and l>ooks of morality, like that con- 
Gained in Shut are callccf his Golden Verses, but treatises 
on politics and theology. All these works arc lost: but 
the vast ness of his mind appears from the wonderful 
thinos he performed. He delivered, as antiquity relates, 
several cities of Italy and Sicily from the yoke of slavery ; 
he appeased seditions in others; and he softened the 
manners, and brought to temper the most savage and un¬ 
ruly spirits, of several people and tyrants. 1 halaris, 
the tyrant of Sicily, it is said, was live only one who 
could withstand the remonstrances of I ythagoras, and 
he it seems was so enraged at his discourses, tha I he-or¬ 
dered him to be put to death. But though »bc lecture of 
the philosopher could make no impression on thp tyrant, 
vet they were sufficient to reanimate the Sicilians, and to 
put then, upon a bold action. In short Fhalans wa. 
killed the same day that he had fixed for the death of tho 

^Pythagoras had a great veneration for marriage; and 
therefore himself married at Croton a daughter of one of 
the chief men of that city, by whom he had two sons and 
a daughter : one of the sons succeeded his father in the 
schoof, and became the master of Empedocles: the 
daughter, named Damo, was distinguished both by her 

— and wrote an excellent com- 


residence at Croton ; where, after reforming the manners — her virtues , and wrote an cxc< 
of the citizens by preaching, and esublishing tlbe c ty by g Homcr . It is also related, that Pythagoras 
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not to impart them to any but those of his own family ; 
to which Damo was so scrupulously obedient, that even 
when she (las reduced to extreme* poverty, she. refused a 
great suin of money for them. 

From the country in which Pythagoras thus settled and 
gave his instructions, his society of disciples was called 
the Italic sect of philosophers, and their reputation con¬ 
tinued tor some ages afterwards, when the' Academy and 
the Lyceum united to obscure and swallow up the Italic 
sect. Pythagoras's disciples regarded the words of their 
master as the oracles of a god ; his authority alone, 
though unsupported by reason, passed with them for rea¬ 
son itself: they looked on him as the most perfect image 
of God among men. IJis house was called the temple of 
Ceres, and his court-vard the temple of the Muses: and 
when he went into towns, it was said he went thither , lt not 
to teach men, but to heal them." 

Pythagoras however was persecuted by bad men in the 
latter years of his life; and some say he was killed in a 
tumult raised by them against him; but according to 
others, he died a natural death, at yo years of age, about 
*if)7 years before Christ. 

liesides the high respect and veneration the world lias 
pi ways had (or Pythagoras, on account of the excellence 
o) his wisdom, his morality, his theology, and politics, he 
was renowned as learned in all the sciences, and a consi¬ 
derable inventor of many things in them; as arithmetic, 
geometry, astronomy, music, &c. In arithmetic, the 
common multiplication table is, to this day, still called 
Pythagoras's table. In geometry, it is said he invented 
many theorems, particularly these three; 1st, Only three 
polygons, or regular plane figures, can fill up the space 
about a point, viz, the equilateral triangle, the square, 
and the hexagon: 2d, The sum of the three angles of 
every triangle, is equal to two right angles : 3d, In any 
right-angled triangle, the square on the longest side is 
equal to both the squares on the two shorter sides: for 
the discovery of this last theorem, some authors say he 
offered to the gods a hccatombjjor a sacrifice of a hun¬ 
dred oxen; Plutarch however says it was only one ox, 
and even that is questioned by Cicero, as inconsistent with 
his doctrine, which forbade bloody sacrifices: the more 
accurate therefore say, he sacrificed an ox made of flour, 
or of clay ; and Plutarch even doubts whether such sacri¬ 
fice, whatever it was, was made for the said theorem, or 
lor the area of the parabola, which it was said Pythagoras 
also found out. 

In astronomy his inventions were many and great. It 


is said lie discovered, or maintained the true system of 
the world, which places the sun in the centre, and makes 
all the planes revolve about him ; and from him it is to 
this day called the old or Pythagorean system; and is 
the same as that revived by Copernicus. He first dis¬ 
covered, that Lucifer and Hesperus were but one and the 
same, being the planet Venus, though formerly thought 
to be two different stars. * The invention of the obliquity 
of the zodiac is likewise ascribed to him. He first gave 
to the world the name Kocrao;,- Kosmo $, from the order 
and beauty of all things comprehended in it; asserting 
that it was made according to musical proportion: for, 
as he held that the sun, by him and his followers termed 
the fiery globe of unity, was seated in the midst of the 
universe, and the earth and planets moving around him, 
so he held that the seven planets had an harmonious mo¬ 
tion, and their distances from the sun corresponded to the 
musical intervals or divisions of the monochord. 

Pythagoras and his followers held the transmigration 
of souls, making them successively occupy one body after 
another : on which account they abstained from flesh, 
and lived chiefly on vegetables. This he probably learnc 
in India. 

Pythagoras's Table , the same as the multiplication- 
table; which see. 

PYTHAGOREAN, or Pythagoric, System, among 
the ancients, was the same as the Copernican system 
among the moderns. In this system, the sun is supposed 
at rest in the centre, with the earth and all the planets 
revolving about him, each in their respective orbits. Sco 
System. 

It was so called, as having been maintained and culth 
vated by Pythagoras,"* and his followers; not that it wai 
invented by him, for it was much older. 

Pythagorean Theorem , is that in the 47th proposi¬ 
tion of the first book of Euclid's Elements; viz, that in a 
right-angled triangle, the square of the longest side is 
equal to the sum of both the squares of the two shorter 
sides. It has been said that Pythagoras offered a heca¬ 
tomb, or sacrifice of 100 oxen, to the gods, for inspiring 
him with the discovery of so remarkable a property. 

PYTHAGOREANS, a sect of ancient philosophers, 
who followed the doctrines of Pythagoras. They were 
called the Italic sect, from the circumstance of his having 
settled in Italy. Out of his school proceeded the greatest 
philosophers and legislators, Zaleucus, Charondas, Archy- 
tus, &c. See the article Pythagoras. 

PYXIS Nauiica , the seamans compass. . 


Q 

qua 

QUADRAGESIMA, a denomination given to the.time 
of lent, from its consisting of about 40 days; com¬ 
mencing on ash-wednesday. 

Quadragesima Sunday, is the first Sunday in lent, 
or the first Sunday after ash-wednesday. 

QUADRANGLE, or QoADUANGULAu/»i/rc, in Ge¬ 
ometry, is a plane figure .having four angles; and conse¬ 
quently four sides also -To. the class of quadrangles bc^ 
l->ng the square, parallelogram, trapezium, rhombus, and 
rhomboidcs. A square is a regular quadrangle ; a trape¬ 
zium an irreeu ar one. • ‘ 


QUA 

QUADRANT, in Geometry, is either the quarter or 
4th part of a circle, or the 4th part of its circumference ; A 
the arch of which.therefore contains 90 degrees. ™ 

Quadrant also denotes a mathematical instrument of 
great use in astronomy and navigation, for taking the alti¬ 
tudes of the sun und stars, as also taking angles in survey- , 
ing, hcights-and-distanccs, &c.—This instrument is vari¬ 
ously contrived, and furnished with different apparatus, 
according to the various uses it is intended for; but they 
have nil this in common, that they consist of the quarter 
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of a circle whose limb or arch is divided into 90° &c. 
Some have a plummet suspended from the centre, and arc 
furnished either with plain sights, or a telescope, to look 
through. 

The principal and most useful quadrants, are the com¬ 
mon Surveying quadrant, the Astronomical quadrant, 
Adams's quadrant, Cole’s quadrant, Collins's or Sutton's 
quadrant, Davis's quadrant, Gunter's quadrant, Hadley’s 
quadrant, the Horodictical quadrant, and the Sinical qua¬ 
drant, &c. Of these, the two most deserving of notice, 
are Hadley's quadrant, and the mural or astronomical 
quadrant. 

1. The Common , or Surveying Quadrant, is the in¬ 
strument the use of which may be seen in my Mensura¬ 
tion, in the section on hcights-and-distances. 

2. The Astronomical Quadrant, is a large one, usually 
made of brass or iron bars; having its limb ef (fig-3 pi. 29) 
accurately divided, either diagonally or otherwise, into 
degrees, minutes, and seconds, if room will permit, and 
furnished either with two pair of plain sights'or two tele¬ 
scopes, one on the side of the quadrant at ab, and the 
other, cd, moveable about the centre by means of the screw 
G. The dented wheels i and u serve to direct the instru¬ 
ment to any object or phenomenon.—Tne application of 
this useful instrument, in taking observations of the sun, 
planets, and fixed stars, is obvious; for being turned hori¬ 
zontally on its axis, by means of the telescope ab, -till 
the object is seen through the moveable telescope, then 
the degrees &c cut by the index, give the altitude &c 
required. 

3. Cole’s Quadrant, is a very useful instrument, in¬ 
vented by Mr. Benjamin Cole. It consists of six parts, 
viz, the staff a b (fig. 11, pi. 29); the quadrantal arch de ; 
three vanes, a, b, c ; and the vernier fg. * The staff is a 
bar of wood about 2 feet long, an inch and a quarter 
broadband of a sufficient thickness to prevent it from 
bending or warping. The quadrantal Arch is also of 
wood ; and is divided into degrees and 3d parts of do 
grees, to a radius of about 9 inches ; and to its extremi¬ 
ties arc fitted two radii, which meet in the centre of the 
quadrant by a pin, about which it easily moves. Tho 
sight-vane a is a thin piece of brass, near 2 inches in height, 
and one broad, set perpendicularly on the end of the staff 
a, by means of two screws passing through its foot. In 
the middle of this vane is drilled a small hole, through 
which the coincidence or meeting of the horizon and 6olar 
spot is to be viewed. The horizon-vane b is about an inch 
broad, and two inches and a half high, having a slit cut 
through it of near an inch long, and a quarter of an inch 
broad ; this vane is fixed in the centre pin of the instru¬ 
ment, in a perpendicular position, by means of two screws 
passing through its foot, by which its position with respect 
to the sight-vane is always the same, their angle of inclina¬ 
tion being equal to 45 degrees. The shadc-vanc c is com¬ 
posed of two brass plates ; one of which serves as an arm, 
and is about 4} inches long, and { of an iuch broad, being 
pinned at one end to the upper limb of the quadrant by a 
screw, about which it has a small motion; the other end 
lies in the arch, and the lower edge of the arm is directed 
to the middle of the centre-pin : the other plate, which is 
properly the vane, is about 2 fnches long, being fixed per¬ 
pendicularly to the other plate, at about half an inch di¬ 
stance from that end next the arch ; this vane may be 
used cither by its%hadc, or by the solar spot cast by a 
convex lens placed in it. And because the wood-work fs 
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often subject to warp or tw ist, therefore this vane may be 
rectified by means of a screw, so that the warping of the 
instrument may occasion no error in the observation, 
which is performed in the following manner: Set the line 
g on the vernier against a degree on the upper limb of the 
quadrant, and turn the screw on the backside of the limb 
forward or backward, till the hole in the sight-vane, the 
centre of the glass, and the sunk spot in the horizon-vane, 
lie in a right line. 

To find the Suns Altitude by this instrument . Turn your 
back to the sun, holding the stafi of the instrument with 
the right hand, so that it he in a vertical plane passing 
through thosun; apply one eye to the sight-vane, looking 
through that and the horizon-vane till the horizon be seen ; i 
with the left hand slide the quadrantal arch upwards, till 
the solar spot, or shade, cast by the shade-vane, fall di¬ 
rectly upon the spot or slit in the horizon-vane ; then will 
that part of the quadrantal arch, which is raised above o 
or s (according as the observation respects either the solar 
spot or shade) show the altitude of the sun at that time. 
But for the meridian altitude, the observation must be 
continued, and as the sun approaches the meridian, the 
sea will appear through the horizon-vane, which completes 
the observation ; and the degrees and minutes, counted as 
before, will give the sun's meridian altitude: or the de¬ 
grees counted from the lower limb upwards will give the 
zenith distance. 

4. Adams’s Quadrant, differs only from Cole's, just 

described, in having an horizontal vane, with the upper 
part of the limb lengthened ; so that the glass, which casts 
the solar spot on the horizon-vane, is at the same distance 
from the horizon-vane as the sight-vane at the end ot the 
index. \ 

5. Collins’s or Sutton's Quadrant, is a stenogra¬ 

phic projection of one quarter of the sphere between 
the tropics, on the plane of the ecliptic, the eye being 
in its north pole; and fitted to the latitude of Lon¬ 
don. The lines running from right to left, are parallels 
of altitude; and those crossing them arc azimuths. Tho 
smaller of the two circles, bounding the projection, is one 
quarter of the tropic of Capricorn ; and the greater is a 
quarter of the tropic of Cancer. The two ecliptics arc 
drawn from a point on the left edge of the quadrant, with 
the characters of the signs upon them ; and the two hori¬ 
zons are drawn from the same point. The limb is divided 
both into degrees and time; and by having the sun's alti¬ 
tude, the hour of the day may here be found to a minute. 
The quadrantal arches next the centre contain the calen¬ 
dar of months ; and under them, in another arch, is the 
sun's declination. On the projection are placed several of 
the most remarkable fixed stars between the tropics; and 
the next below the projection is tho quadrant and line of 
shadows. % 

6. Davis's Quadrant, the same as the Backstaff ; 
which see. 

7. Gunner's Quadrant, (fig. 6, pi. 29)* 'sometimes 

called the Gunner’s Square , is used for elevating and 
pointing cannon, mortars, and consists of two 

branches either of wood or brass, between which is a 
quadrantal arch divided into 90 °, and furnished with a 
thread aud plummet.-—The use of this instrument is very 
easy; for if the l° n g er branch, or bar, be placed in the 
mouth of the piece and it be elevated till the plummet 
cut the degree necessary to hit a proposed object, the 
thing is done.—Sometimes on the sides of the longer,bar, 
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art* noted the* division of diameters and weights of iron 
balls, as also the bores of pieces. 

8. Gunter's Quadrant, so called from its inventor 
Edmund Gunter (fig. 4, pi. 2 % 9) besides the apparatus of 
other quadrants, has a stereographic projection of the 
sphere on the plane of the equinoctial ; and also a ca¬ 
lendar of the months, next to the divisions of the limb; 
by which means, besides the common purposes of other 
quadrants, several useful questions in astronomy, &c, are 
easily resolved. 

Use of Gunter s Quadrant. —(1) To find the sun's me¬ 
ridian altitude for any given day, or conversely the day 
of the year answering to any given meridian altitude. 
Lay the thread to the day of the month in the scale next 
the limb; then the degree it cuts in the limb is the suns 
meridian altitude. And, contrariwise, the thread being 
set to the meridian altitude, it shows the day of the 
month. 

(2) To find the hour of the day. Having set the bead, 
which slides on the thread, to the sun’s place in the 
ecliptic, observe the sun’s altitude by the quadrant; then 
if the bead be laid over the same in a limb, it will fall 
upon the hour required. On the contrary, laying the 
bead on a given hour, having first rectified or set it to 
the sun's place, the degree cut by the thread on the limb 
gives I lie altitude.—The bead may be rectified other¬ 
wise, by bringing the thread to the day of the month, and 
the bead to the hour-line of 12. 

(3) To find the sun's declination from his place given ; 
and the contrary. Bring the bead to the sun's place in 
the ecliptic, and move the thread to the line of declina¬ 
tion et, so shall the bead cut the degree of declination 
required. On the contrary, the bead being adjusted to a 
given declination, and the thread moved to the ecliptic, it 
will cut the sun's place. 

(4) The sun’s place being given, to find the right 
ascension ; or the contrary. Lay the thread on the sun's 
place in the ecliptic, and I lie degree it cuts on the limb 
is the right ascension sought. And the converse. 

(5) The sun’s altitude being given, to find his azi¬ 
muth ; and the contrary. Rectify the head for the time, 
as in the second article, and observe the sun's altitude; 
bring the thread to the complement of that altitude ; then 
the bead will give the azimuth sought, among the uzi- 
muth-lines. 

9. Hadley's Quadrant, (fig.7, pi- 29) so called from 
its inventor John Hadley, esq. is now universally used 
as the best of any for nautical and other observations. It 
seems the first idea of this excellent instrument was sug¬ 
gested by Dr. Hooke; for Dr. Sprat, in bis History of 
the Royal Society, pa. 246, mentions the invention of a 
new instrument for taking angles by reflection, by which 
means the eye at once sees the two objects both as touch¬ 
ing the same point, though distant almost to a semicircle ; 
which is of great use for making exact observations at 
s>ea. This instrument is described and illustrated by a 
figure in Hooke's Posthumous Works, pa. 503. But as 
it admitted of only one reflection, it would not answer 
the purpose. The matter however was at last effected by 
Sir Isaac Newton, who communicated to Dr. Halley a 
paper of his own writing, containing the description of 
an instrument with two reflections, which soon after the 
doctor's death was found among his papers by Mr. 
Jones, by whom it was communicated to the Royal So¬ 
ciety, and ipvas published in the Philos. Trans, for the 


year 1742. IIow it happened that Dr. Halley never y 
mentioned this in bis lifetime, is difficult to account for; 
more especially as Mr. Hadley bad described, in the. 
Transac. for 1731, his instrument, which is constructed 
on the same principles. Mr. Hadley, who was well ac¬ 
quainted with Sir Isaac Newton, might have heard him 
say, that Dr. Hooke's proposal could be effected by 
mcans of a double reflection ; and perhaps in consequence 
of this hint, lie might apply himself, without any pre¬ 
vious knowledge of what Newton had actually done, to 
the construction of his instrument. Mr. Godfrey loo, of 
Pennsylvania, had recourse to a similar expedient; for 
which reason some gentlemen of jhat colony have ascrib¬ 
ed the invention of this excellent instrument to him. The 
truth may probably be, that each of these gentlemen dis¬ 
covered the method independent of one another. See 
Trans, of the American Society, vol. 1, pa. 21 Appendix. 

'This instrument consists of the following particulars : 

1. An octant, or the 8th part of a circle, arc. 2. An 
index o. 3. The speculum e. 4. Two horizontal glasses, 
r, o. 5. Two screens, k and K. 6. Two sight-vanes, if 
and i.—The octant consists of two radii, ah, ac, strength¬ 
ened by the braces i., m, and the arch bc ; which, though 
containing only 45°, is nevertheless divided into 90 pri¬ 
mary divisions, each of which stands for degrees, and arc 
numbered O, 10, 20, 30, &c, to 90; beginning at each 
endfof the arch for the convenience of numbering both 
ways, either for altitudes or zenith distances : also each 
degree is subdivided into minutes, by means of a vernier. 
But the number of these divisions varies with the size of 
the instrument. 

The index d, is a flat bar, moveable about the centre of 
the instrument; and that part of it which slides over the 
graduated arch, bc, is open in the middle, with Vernier's- 
scale on the lower part of it ; and underneath is a screw, 
serving to fasten the index against any division. 

The.speculum E is a piece of flat glass, quicksilvered 
on one side, set in a brass box, and placed perpendicular 
to the plane of the instrument, the-middle part of the 
former coinciding with the centre ol the latter: and be¬ 
cause the speculum is fixed to the index, the position of 
it will be altered by the moving of the index along the 
arch. The rays of an observed object arc received on the 
speculum, and from thence reflected on one of the hori¬ 
zon glasses, f or o ; which arc two small pieces of look- 
ing-glass placed on one of the limbs, their faces being 
turned obliquely to the speculum, from which they re¬ 
ceive the reflected rays of objects. The glass f has only 
its lower part silvered, and set it) brass-work ; the upper 
part being left transparent to view the horizon. The 
glass c has in its middle a transparent slit, through which 
the horizon is to be seen. And because the warping of 
the materials, and other nccidcnts, may distend them 
from their true situation, there arc three screws passing 
through their feet, by which they may bc easily replaced. 

The screens are two pieces of coloured glass, set in 
two square brass frames k, k, which.feerve as screens to 
take off the glare of the sun's rays, which would other¬ 
wise bc too strong for ihc eye ; the one is tinged much 
deeper than the other; as they both move on the same 
centre, they may be both or either of them used : in the 
situation they have in the figure, they serve for the horr- 
zon-glass y ; but when they arc wanted for the horizon- 
• glass g, they must bc taken from their present situation 
and placed on the quadrant abovo g. 
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The si°ht-vanes are two pins, it and i, standing per¬ 
pendicularly to the plane of the instrument : that at it 
bavin* a hole in it, opposite to the transparent slit in the 
horizon-glass o ; the other, at I, has two holes in it, the 
one opposite to the middle of the transparent part of the 
horizon-glass F, and the other rather lower than the 
quick-silvered part : this vane has a piece of brass on the 
back of it, which moves round a centre, and serves to 
coyer either of the holes. 

Of the Observations. —l* he re are two kinds of observa¬ 
tions to be made with this instrument: the one is when 
the back of the observer is turned towards the object, and 
therefore called the back observation ; the other when his 
face is turned towards the object, which is called the fore- 
observation. 

To Rectify the Instrument for the Fore-observation.--- 
Slackcn the screw in the middle of the handle behind the 
°lass f ; and bring the index close to the button It ; hold 
the instrument in a vertical position, with the arch down¬ 
wards ; look through the right-hand hole in the vane i, 
and through the transparent part of the glass F, for the 
horizon; and if it lie in the same right line with the 
ima-c of the horizon seen on the silvered part, the 
glass f is rightly adjusted ; but if the two horizontal 
lines disagree, turn the screw which is at the end of the 
handle backward or forward, till those lines coincide; 
then fasten the middle screw of .the handle, and the g.ass 
is rightly adjusted. 

To take the Suns Altitude by the Fore-observation.— 
flavin* fixed the screens above the horizon-glass r, and 
suited°thom proportionally to the strength of the suns 
rays, turn your face towards the sun, holding the instru¬ 
ment with your right hand, by the braces L and U, in a 
vertical position, with the arch downward ; place your 
eye close to the right-hand hole in the vane I, and view 
the horizon through the transparent part of the horizon- 
gloss F, at the same time moving the index u with the 
left hand, till the reflex solar spot coincides with the 
line of the horizon; then the degrees counted from c, or 
that end next your body, \*ill give the sun's altitude at 
that time, observing to add or subtract l(i minutes ac¬ 
cording as the upper or lower edge of the sun's reflex 

image is made use of. . . , , • , , 

But to get the sun's meridian altitude, being what is 

wanted for finding the latitude; the observations must 
be continued; and as the sun approaches the meridian, 
the index d must be continually moved towards n, to 
maintain the coincidence between the reflex solar spot 
and the horizon; and consequently as long as this mo¬ 
tion can maintain,the same coincidence, the observation 
must be continued, till the sun has reached the meri¬ 
dian, and begins to descend, when the coincidence will 
require a retrograde motion of the index, or towards c ; 
then the observation is finished, and the degrees counted 
ns before will give the sun’s meridian altitude, or those 
from n will give the zenith distance; observing to add 
the semi-diameter, or iff, when his lower edge is brought 
to the horizon ; or to subtract l6', wHcn the horizon and 
tipper edge coincide. 

To take the Altitude of a Star by the Fore-observation .— 
Through the vane H, and the transparent slit in the glass 
look directly to the star; and at the same time move 
the index, till the image of the horizon behind you, be¬ 
ing reflected by the great speculum, be seen in the sil- 
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vt-red part of o, and meet the star; then will the index 
show the degrees of the star's altitude. 

To Rectify the Instrument for the Back-observation .— 
Slacken the screw in the middle of the handle, behind 
the glass g; turn the button h on one side, and bring the 
index as many degrees before 0 as is equal lo double 
the dip of the horizon at your height above the water; 
hold the instrument vertical, with the arch downward ; 
look through the hole of the vane 11 ; and if the hori¬ 
zon, seen through the transparent slit in the glass o, 
coincide with the image of the horizon seen in the silver¬ 
ed part of the same glass, then the glass u is in its pro¬ 
per position ; but if not, set it by the handle, and fasten 
the screw as before. 

To tuke the Sun’s Altitude by the Back-observation.— 
Put the stem of the screens, k, # k, into the holer, and 
in proportion to the strength or faintness of the sun’s 
rays, let either one or both or neither of the frames of 
those glasses be turned close to the face of the limb; 
hold the instrument in a vertical position, with the arch 
downward, by the braces l and M, with the left hand; 
then turn your back to the sun, and put one eye close to 
the hole in the vane u, observing thy horizon through the 
transparent slit in the horizon glass o ; with the right 
hand move the index D, till the reflected image of the 
sun be seen in the silvered part of the glass g, and in a 
right line with the horizon ; swing your body to and fro, 
and if the observation be well made, the sun’s image will 
be observed to brush the horizon, and the degrees reckon¬ 
ed from c, or that part of the arch furthest from your 
body, will give the sun’s altitude at the time of observa¬ 
tion ; observing to add 16 ’, for the sun’s semidiameter, if 
the sun’s upper edge be used, or subtract the same for 

the lower edge. . * 

The directions just given, for taking altitudes at sea, 
would be sufficient, but for two corrections that arc ne¬ 
cessary to be made before the altitude can be accurately 
determined, viz, one on account of the observer s eye being 
raised above the level of the sea, and the other on account 
of the refraction of the atmosphere, especially in small 
altitudes. The following tables show the corrections to 
be made on bolh these accounts. 


TABLE I. 

Dip of the Hori¬ 
zon of the Sea. 


Height 
of the 
Eve. 


Feet. 

1 

2 

3 

5 

10 
15 
20 
25 
30 
35 
40 
45 
50 


Dip of 
the Ho¬ 
rizon. 


TABLE II. 


Refractions of the Stars &c 
Altitude. - 


in 


Appar. 
Altitude 
Dec. 


in 


0' 57" 
21 

39 
8 
1 

42 
16 
46 
14 

39 

o 

24 
44 


1 

1 

2 

3 

3 

4 

4 

5 

5 

6 
6 
6 


o° 

i 

1 

V 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Refraction. 

Appar. 
Altitude. T 
in Deg. 

33' 0" 

n° 

30 35 

12 

28 22 

15 

24 29 

20 

18 35 

25 

14 36' 

30 

11 51 

35 

9 34 

40 

8 29 

45 

7 20 

50 

6 29 

60 

5 48 

70 

5 15 

80 | 


Refriciion. 


4' 47" 
4 23 
30 
35 
<y 

38 
21 
8 

57 

48 
33 
21 
10 


3 

2 

2 

1 

1 

1 

0 

0 

0 

0 

o 
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General Jinks for these Corrections. 

1 . In the forc-obscrvation 9 , add the sum of both cor* 
fections to the observed zenith distance, for the true ze¬ 
nith distance : or subtract the said sum from the observed 
altitude, for the true one. 2. In the back-obserVafiOn, 
add the dip and subtract the refraction for altitudes; ami 
for zenith distances, do the contrary, viz, subtract the dip, 
and add the refraction. 

Example. By a back-observation, the altitude of the 
sun’s lower edge was found by Hadley’s quadrant to be 
25° 12'; the eye being 30 fect'above the horizon. By 
the tables the dip on 30 feet is 5' 14", and the refraction 
on 25° 12 ' is 2' l". Hence 


Appar. alt. lower limb 

25° 

12 ' 

0 " 

Sun's senmliarnetcr, sub. 

0 

16 

0 

Appar. alt. of centre 

24 

50 

o' 

Dip. of horizon, add 

0 

5 

14 

• 

25 

i 

14 

Refraction, subtract 

0 

2 

1 

True alt. of ccntic 

24 

~5<r 

~13 


In the case of the moon, besides the true corrections 
above, another is to be made for her parallaxes. But 
for all these particulars, sec the Requisite Tables for the 
Nautical Almanac, also Robertson's Navigation, vol. 2, 
pa. 340 Ac,edit. I7S0. 

10. Horodictical Quadrant, a pretty commodious 
instrument, which is so called from its use in telling the 
hour of the day. Its construction is as follows. From 
the centre of the quadrant c, (fig. 5, pi. 29), whose limb 
Ah is divided into 90 °, describe seven concentric circles • 
at any intervals; and to these add the signs of the zodiac, 
in the order represented in the figure. Then, applying a 
ruler to the centre c and the limb An, mark upon the 
several parallels the degrees corresponding to the altitude 
of the sun, when in them, for the given hours; connect 
the points belonging to the same hour with a curve lint, 
to which add the number of the hour. To the radius CA 
fit a couple of sights, and to the centre of the quadrant c 
tic a thread with a plummet, and on the thread a bead to 
slide. 

1 1 . Sinical Quadrant, is one of some use in Naviga¬ 
tion. It consists of several concentric quadrantal arches, 
divided into 8 equal parts by means of radii, with parallel 
right lines crossing each other at right angles. Now any 
one of the arches may represent a quadrant of any great 
circle of the sphere, but is chiefly used for the horizon or 
meridian. The chief use of the sinical quadrant, is to form 
upon it triangles similar to those made by a ship’s way. with 
the meridians and parallels; the sides of which triangles arc 
measured by the equal intervals between the concentric 
quadrants and the lines N and s, E and w : every 5th line 
and arch being made deeper than the rest. Now suppose 
a ship has sailed 150 lerfgues north-east-by-north, or 
making on angle of 33° 45* with the north part of the 
meridian: here ore given the course and distance sailed, 
by which a triangle may be formed on -the instrument 
similar to that made by the ship’s course ; and hence the 
Unknown parts of the triangle may be found. 

Sutton’s Quadrant, Sec Collins’s Quadrant- 

12. Quadrant of Altitude , (fig. 9, pi. 29) is an ap¬ 
pendix to the artificial globe, consisting of a thin slip of 
brass, the length of a quarter part of one of the great 


Circles of the globe, and graduated. At the end, where 
the division terminates, is a nut riveted on, and furnished 
with a screw, by means of which the instrument is fitted 
on the meridian, and moveable round upon the rivet to 
all points of the horizon, ns represented in the figure re¬ 
ferred to. Its use is to servo as a scale in measuring al¬ 
titudes, amplitudes, azimuths, &c. 

QUADRANTAL Triangle, is a spherical triangle, 
which has one side equal to a quadrant or quarter part of 
a circle. 

QUADRAT, called also Geometrical Square, and line 
of Shadows: it is often an additional member on the faco 
of Gunter's and Sutton's quadrants; and is chiefly useful 
in taking heights or depths. See my Mensuration, tho 
chap, on altimetry and longimctry, or heights-and-dis- 
tances. 

QUADRATIC Equations, in Algebra, are those in 
which the unknown quantity isof two dimensions, or raised 
to the 2d power. Quadratic equations are either simple, 
or affected, that is compound. 

A Simple Quadratic equation, is that which contains 
the 2d power only of the unknown quantity, without any 
other power of it; as x 4 = 25, ory 1 = ab. And in this 
case, the value of the unknown quantity is found by 
barely extracting the square root on both sides of the 
equation: thus, in the equations above, it will be x =» 
± 5, and y = ± y/ab; where the sine of the root of 
the known quantity is to be taken either plus or minus, 
for either of these may be considered us the sign of tho 
value of the root z, since cither of them, when squared, 
make the same square, (-+-5) 1 = 25, and ( — 5)* = 25 
also; and hence the root of every quadratic or square, 
has two values. . * 

Compound or affected Quadratics, arc those which 
contain both the 1st and 2d powers of the unknown 
quantity ; as ri + ar = b, or x 4n — ax“ = ;fc b, whero 
n may be of any value, and then x B is to be considered ns 
tho root or unknown quantity.—Affected quadratics aro 
usually distinguished into three forms, according to tho 
signs of the terms of the equation: 

Thus, 1st form, x 4 -*• ax = b, 

2d form, x 4 — ax = b, 

3d form, x 4 — ax s= — b.- 

But the method of extracting the root, or finding the value 
of the unknown quantity x, is the same in all of them. 
And that method is usually performed by what is called 
completing the square, which is done by taking half the 
coefficient of the 2d term or single power of the unknown 
quantity, then squaring it, and adding that square to both 
sides of the equation, which makes the unknown side a 
complete square. Thus, in the equation x* 4- ax = 6, 
the coefficient of the 2d term being a, its half is {a, the 
square of which is {a 4 , and this added to both sides of 
equation, it becomes x 4 4- ax 4- £o 4 4- = -Jo 4 5, tho 
former side of which is now a complete square, and the 
scond a known quantity. - 

The square being thus completed, its root is next to bo 
extracted ; in order to which, it is to be observed that tho 
root on the unknown side consists qf two terms, tho one of 
which is always x the square root of the first term of tho 
equation, and the other part is fa or half tho coefficient 
of the secohd term : thus then the root of x 4 4* or 4- 
the first side of tho completed equation being x 4- -Jo, 
and the root of the other side £o* 4- b being ^)» 


qua 


t follows that T + la = ± + b), and hence, by 
transposing la, ,t .s x = -*« ;fc^(A a . - A), the ’ tw J 

values of x or the roots of the given cquatioh x* + «x 
— b. And thus is found the root, or value of x, in the 
three forms of equations above mentioned : viz 
1st form x= - la ± */(•«; ^ A), ’ 

2 d form x = +la ± _ b)> 

wi ? d f ° r ! n x =7+ i° ± - b). 

VVbere it is observable that, because of the double sm n 

±, every form has two roots: in the 1 st and 2 d forms 

hose roots are, the onei positive and the other negative, 

the positive root being the less of the two in the 1 st form 

but the greater in the 2 d form; and in the 3 d form the 

roots are both positive. Again, the two roots of the 1 st 

and 2 d forms,, ore always both of them real; but in the 

3d form, the two roots arc either both real or both ima- 

' ,Z> K° lh x T 3 . wben ' *»* «s greater than b, or both 
imaginary when $« is less than b, because in this ease Ja* 

- A will be a negative quantity, the root of which is im- 
possible, or an imaginary quantify 

Example of the 1st form, let 4- 6x = 7 . Here then 

_Z J “f * = th , en x = - ± </(W - b) = 

3±\/ , 6 — — 3 ± 4 =. 1 or — 7 . 

■tx a ,«p/ c of the 3d form, let x* - 6x = - 7 Hera 
agam 0 = 6 , and 6 = 7 ; then x = * a ± 

,7 3 ± v/ 2 , the two roots both real. 

wbirhM ** “ = - 11 ; then a = 6, and b = 11 , 

the two roofs both imaginary. - ^ ^ 

All equations tvhatjver that have only two different 

on"'."iu.Vd° M kn r vn «f wliich die index of the 

«“« b, ' othcr ’ “re resolved like qua- 

dmues b^cotnplettng the sqnare. Thus, the equation 

L> ,hc “' uare >«*"« ** + 

ho,hVd“„,^ 5 : L ; r r :, g 4 r °'r" 

-- e ua"^: h r“S L’Trise; 

power. See Equation. risei l ° thc 4th 

Geometry, is a 

- “■ . ino same. Or, more accurately, the 

a transcendental curve dc- 
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Ihc most distinguished of these quadtatices are, those 
of Dinostnites .md of Tschimhausen for the circle, and 
that of Mr. Perks for the hyperbola. 

Quadra i r i x of Dmostrates, i s a 
curve AMD, by which the quadra¬ 
ture of the circle is effected* though 
not geometrically, but only mecha¬ 
nically. It is so called frofn «^.in- 
ventor Dinostratcs; and the genesis 
or description of which is as'follows; 

Divide the quadrantal arc anb into 
any number of equal parts, in the 

*. ... .. n.. • ■ ■ 



, — — miv oaiuc, 

quadratnx of a curve, i s 
scribed on the same axis, 
theordmates ofwhich being 

given, the quadrature of the 
correspondent parts in thc 
other curve, i 8 also given. 

•See Curve. Thus, for ex. 
the curve and may be 
called the quadratrix of thc 

parabolaA mc, wb^nthearea „ u 

“ ,h ' follo " i ”glo .1.0 nh- 

when ap u = ni 1 , 

or A PM = AT 
or a pm = a 



points N, n, n, * c ; and also the radius ac into the same 
number of parts at the points r, p, p, & c . To the points 
’ "» &c » draw the radii ex, cn, Ac ; and from the 

points v,p &c, thc parallels to cn, as pm, vm, Ac : then 
through all the points of intersection draw the curve 
a Mm d, and it will be thc quadratrix of Dinostratcs. 

Ur the same curve may be conceived to be described by 
a continued motion, by conceiving a radius cn to revolve 
with a uniform motion about the centre c, from the posi¬ 
tion ac to the position nc ; at thc same time a rulcrrat 
moves uniformly parallel towards cn; then the two uni¬ 
form motions being so regulated that the radius and the 
ruler shall arrive at the position nc at the same time; for 
thus thc continual intersection m,»m, &c. of the revolving 
radius and moving ruler, will describe thc quadratrix of 

1. For ihe Equation of the Quadratrix : Since, from the 
relation of the uniform motions, it is always, ab-an-- 

A C K- = ; i r ,1 ‘ e M f r C if AB = *’ AC = r * =x, and 

1 bc « : 2 ; : r : •*, or ax = rr, which is thc 
equation of the curve. 

Or, if s denote the sine ne of the arc an, and v = pm 
the ordmatcofthe curve am, its absciss ap beingx ; then, 
by similar triangles, ce : cv; : ex : pm, that h, (rV J 
i * r 5 : : 9 : y> an ‘I hence y v /(/ 4 — $-) = ( r — x )s 
tlie equation of the curve. And when the relation bel 
tween a Band an is given, in terms of that between ac and 
ap, hence will be expressed thc relation between thc*ine 
en and the radius cb, or s will be expressed in terms of 
rand x; and consequently, thc equation of thc curve will 
be expressed in terms of r, x, andy only. 

»« ft T,,c basi ? of the quadratrix cn is a third proportional 
to the quadrant ab and the radius ac or cn; i. c. cn : cb 

thc^rclc 8 1,CnC ° l,IC reclifica *'on and quadrature of 

3. A quadrantal arc dp described with the centre c 
and radius cd, will be equal in length to the radius ca or 

CB. 

4. cdf being a quadrant inscribed in 
the quudratrix AMD, if the base cd be 
— 1> and the circular arc do = x; 

then is thc area cfmd =x -- ’x 3 — 
t - 
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<j6i3 X? Scc Quadra- 
Also Emerson's Curve Lines, 



X 
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. or a pm = a x pn, 
wnere a is some given constant quantity 


Quadratrix qf Tschimhausen, is a transcendental 
curve ambib by which the quadrature of the circle is 
also effected. This was invented by M Tschirnhn..«m 
and its genesis, in imitation of that of Di, os rn * 

fonow,: Divide ihe quedreni ^ 
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each into equal parts, as before; 

and from the points r, p, &c, draw 

the lines PM, pm, Nc, parallel to 

cb ; also from the points N, n, &c, 

the lines km, nm, &c, parallel to 

the other radius ac ; so shall 

all tlie intersections M, m, &c, 

be in the curve of the quadralrix 

amwb. . . . r .e, 

Now for the Equation of this Quatlratni ; it is, as belot 

a n : an : : ac : a r, or a : z : : r : x, or ax = r:. 

Or, because here y = pm = f.k = 4 ; therefore s, ns 

before, expressed in terms of r and r. Rives the equation of 

this nuadrutrix in terms of r,x. and v, and that in a simpler 

form than the other. Thus, from the nature ot the circle 
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and the construction of the quadrntrix, it is 

. - -» "i ■ - _• 


r — i 
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y or 5 = x + —- 4 . sr* “ ' 6.7 r 

where a, n, c, Nc, arc the preceding terms; which is the 

equation of the quudratrix of Ischirnhauscn. 

By either quadratrix, it is evident that an arc or angle 
is easily divided into three, or any other number of equal 
parts; viz, by dividing the corresponding radius, or part 
of it, into the same number of equal parts : for ax is al¬ 
ways the same part of ab, that ap is o! AC. . 

QUADRATURE, in Astronomy, that aspect or posi¬ 
tion of the moon when she is 90 ’ distant from the sun. 
Or, the quadratures or quarters arc the two middle points 
of the moon’s orbit between the points of conjunction and 
opposition, viz, the points of the 1st and 3d quarters; at 
which times the moon's face shows half full, being dicho¬ 
tomized or bisected. - 

The moon’s orbit is more convex in the quadratures than 
in the syzygics, and the greater axis of her orbit passes 
through the quadratures, at which points also she is most 
distant from the earth.—In the quadratures, and within 
35° of them, the apses of the moon go backwards, or move 
in iintcccdcntia ; but in the syzygics the contrary.—When 
the nodes are in the quadratures, the inclination ol the 
moon’s orbit is greatest, but least when they arc in the sy¬ 
zygics. 

Quadrature Lines, or Lines of Quadrature, nrc 
two lines often placed on Gunters sector. They arc 
marked with the letter Q, and the figures 5, 6, 7, 8, 9, 10 ; 
of which q denotes the side of a squure, and the figures de¬ 
note the sides of polygons of 5,6, 7, &c sides. Also s de¬ 
notes the semidiameter of a circle, and 90 a l' nc equal to 
the quadrant or 90 ° in circumfcreucc. 

Quadrature, in Geometry, is the squaring of a fi¬ 
gure, or reducing it to an equal squnre, or finding a square 
equal to the area of it.—The quadrature of rectilineal 
figures falls under common geometry, or mensuration ; ns 
amounting to no more than the finding their areas, or su¬ 
perficies ; which are in effect their squares: which was 

fully effected by Euclid. . 

The Quadrature of Curves, that is, the measuring of 

their areas, or the finding a rectilineal space equal to a 
proposed curvilincal one, is a matter of much deeper spe¬ 
culation ; and makes a part of the sublime or higher geo¬ 
metry. The lanes of Hypocratcs arc the first curves that 
were squared, as far as we know. The circle was attempted 
by Euclid and others before him: he showed indeed the 
proportion of one circle to another, and gave a good me¬ 
thod of approximating to the area of the circle, by dc- 
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scribing a polygon between any two concentric circles, 
however near their circumferences might be to each other. 

At that time the conic sections were admitted into geome¬ 
try, and Archimedes, perfectly, lor the first time, squared 
the parabola, and he determined the relations of spheres, 
spheroids, and conoids, to cylinders and cones ; and by 
pursuing the method ot exhaustions, or by means of in¬ 
scribed and circumscribed polygons, he approximated to 
the periphery and area of the' circle ; showing that the 
diameter is to the circumferCffcc nearly as 7 to 22, and 
the area of the circle to the square of the diameter as 11 . 

to 14 nearly. Archimedes’ alsdddetermined the relation 
between the circle and ellipse, as 'Veil as that of their simi¬ 
lar parts: and it is probable also that lie attempted the. 
hyperbola ; but it is not likely tlmt he me^with any suc¬ 
cess, since approximations to its a tea arc all that can be 
niven by the various methods that have since been invent¬ 
ed. Besides these figures, he left a treatise on a spiral 
curve ; in which lie determined the relation of its area to 
that of the circumscribed circle; as also the relation ol 
their sectors. 

Several other eminent men among the ancients wrote 
upon this subject, both before and after Euclid and Archi¬ 
medes ; but their attempts were usually confined to par¬ 
ticular parts of it, and made according to methods not es¬ 
sentially different from theirs. Among these arc to be 
reckoned Thales, Anaxagoras, Pythagoras, Bryson, Anti¬ 
phon, Hippocrates of Chios, Plato, Apollonius, Plulo, and 
Ptolemy; most of whom wrote upon the quadrature ol 
the circle; and those after Archimedes, by his method, 
usually extended the approximation to o further degree of 

accuracy. , 

Many of the moderns have also prosecuted the some 
problem of the quadrature of the circle, after the same 
methods, to still greater lengths ; »uch arc Vieta, and 
Melius ; whose ratio between tlicdiamelcr and the circum¬ 
ference, is that of 113 to 355, which is within about 

3 of the true ratio; but above all, Ludolph van 
10000000 ' . . f . 

Cculcn, or Cologne, who, with an amazing degree ol in¬ 
dustry and patience, by the same methods, extended the 
ratio to 36 places of figures, making the ratio to be that of 

1 to 3* 14159,26535,89793,23846,26433,83270,50288 

4 - or 9 — . • .. . . , 

Of this labour, which was rather the exercise ot pa¬ 
tience than his ingenuity, he was so proud, that, after the 
example of the profound geometrician of Syracuse, with 
respect to the sphere and cylinder, he requested it might 
bo inscribed on his tombstone, and it is said that this 
monument of his patient industry is still to be seen in one 
of the towns of Flanders. Willcbrode Snell, the editor 
, of Van Cculcn, also made several additions to what had 
been previously done oi> this subject. lie discoveicd find 
published in his work, entitled Cyclomctria;, the method 
of expressing, by an approximate proportion, and a very 
simple calculation, the magnitude of any arc; and lie 
made use of this method in examining the calculation of 
Van Cculcn, which he found to be correct. By this 
method he also calculated it scries of both inscribed and 
circumscribed polygons, beginning with the decagon, and 
always doubling the number of sides, until the number 
was 5242880; and ranged the results of his computa¬ 
tions in a table, for the purpose of detecting the falsity 
of any pretended quadrature of the circle. I«e ccle- 
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bratcd Huygens, when very young, enriched this measure 
of the circle with several new theorems ; and successtully 
combated the pretended quadrature of Gregory St. Vin¬ 
cent, a Jesuit of the Netherlands, who announced his dis¬ 
covery as only wanting a few calculations to render it 
complete, but which he dexterously forgot to perform. 
James Gregory and Leibnitz, about the same time, dis¬ 
covered, independent of each other, a very simple series 
for expressing the length of an arc of a circle, and which 
was first given in a letter of the 15th of February l6?l» 
from Gregory to Mr. Collins. If a be an arc, / its tan¬ 
gent,and r the radius, then # 

t* /» i* 

a=r*x (I — — - 4 - —r — —- + — &c). But 

— V ar* Sr* 7r* yr* 7 

the arc must not be assumed greater than half a quadrant, 
otherwise the series will not converge. Dr. Halley also dis¬ 
covered a simple series for expressing the arc of 30° ; which 
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and which converges very quickly, and being multiplied 
by 12 ,gives the whole circumference. Mr.'Sharp, an En¬ 
glish mathematician, in l6 % 99» undertook the quadrature 
of the circle for his own private amusement, and deduced 
it from two different series, by which the truth of it was 
proved to 72 places of figures. But Mr. John Machin, 
professor of astronomy in Gresham College, discovered 
another very expeditious series for expressing the length 
of the circumference of a circle, depending on the dif¬ 
ferences of arcs, the tangents of which have certain rela¬ 
tions to each other, and thus extended Mr. Sharp's num¬ 
ber to 100 places of figures. And M. De Lagny, a French 
mathematician, continued this computation to 128 
places of figures; on which Montucla has observed, that, 

41 if we suppose a circle, the diameter of which is a thou¬ 
sand millions of times greater than the distance between 
the sun and the earth, the error in the circumference 
would be a thousand millions of tithes less than the thick¬ 
ness of a hair.” Nay, it is even possible to surpass this, 
and Euler has pointed out the method of accomplishing 
it, in thcTransactions of the Imperial Academy of Sciences 
at Petersburg; but any thing farther than what has been 
done, could only be considered as superfluous labour. 

I have also given several series for the same purpose, 
which converge much easier and quicker than any others ; 
tome of which may be seen in my Mensuration, and more 
especially in my Tracts, vol. 1, pa. 268. 

While these, and other mathematicians, were extend¬ 
ing the approximative methods for finding the circum¬ 
ference o&d area of the circle, some were endeavouring to 
obtain, and even asserting that they had obtained, their 
true measures; at the same time others were denying the 
possibility of exhibiting the true ratio. Mr. James Gre¬ 
gory undertook, in 1668 , to demonstrate the absolute 
impossibility of the quadrature of the circle. This lie 
did by a very ingenious method of reasoning, which 
might deserve to be better examined. However it did 
not meet with the approbation of Mr. Huygens ; which 

produced a very warm dispute between these, two geo- /dVgVcc” of'enthusilu,m'“som7 have" suffered ’thein7clv 


cess. Of this latter opinion was the celebrated Dr. Har¬ 
row, who in his mathematical lecture, observes; that iho 
radius and circumference of a circle are lines of such a 
nature as to be not only incommensurable in length and 
square, but also in cube, biquadrate, and all higher powers 
to infinity. But, notwithstanding the attempts of Dr. 
Barrow, and many other celebrated mathematicians, to 
prove the absolute impossibility of resolving this interest¬ 
ing problem, they have been as unsuccessful on this head 
as those who have endeavoured to find its true quadrature. 
Legendre, however, in the fourth note prefixed to his 
Geometry, has proved that the ratio of the circumference 
to the diameter, and its square, arc irrational numbers. 
Besides the efforts above enumerated, which were made 
principally by men of great talents, many other vain at¬ 
tempts at squaring the circle have been made by men of 
less acquirements than vanity, who have endeavoured to 
persuade us that they had discovered the true quadrature 
of the circle, which so many able mathematicians had 
so long sought in vain ; and whose pretensions, like fall¬ 
ing stars, attracted notice for a moment, and then, like 
them, sank into eternal oblivion. The first among the 
moderns who pretended to have solved this problem, was 
Cardiual de Cusa. He rolled a cylinder over a plane, 
till the point which first was in contact with it touched 
it again ; and then, by a train of reasoning, wholly desti¬ 
tute of geometrical precision, he endeavoured to deter¬ 
mine the length of a lino thus described ; but he was 
easily refuted by Regiomontanus about 1465. Near a 
century after, Orontius Finceus attracted notice by his 
parallogisms on this subject ; but the fallacy of his rea¬ 
soning was clearly shown by Peter Nunez, and J. Bo- 
relli. The celebrated Joseph Scaliger also ranks under 
this class; who having no great esteem for geometricians, 
he endeavoured to show* them his superiority, in under¬ 
taking, by way of amusement, the quadrature of the cir¬ 
cle, and seriously imagined that he had obtained it; but 
Vieta, Clavius, and others, found no difficulty in refuting 
him. Longoinontanus, the celebrated Danish astrono¬ 
mer, was also of the number who asserted he had obtain¬ 
ed a finite ratio between the diameter and circum¬ 
ference, which was exactly 1 to 3’14185. And our 
countryman, Mr. Hobbes, also rendered himself remark¬ 
able as a member .of this class, but bis pretensions were 
refuted by Dr. Wallis. Oliver de Scrrcs weighed a cir¬ 
cle, and a triangle equal to the equilateral inscribed 
triangle, and believed that the one was exactly double of 
the others; but a very little knowledge of the subject 
would have been sufficient to have shown him, tha^thc 
double of this triangle is the hexagon inscribed in the 
same circle. It would be tpdious and uninteresting to 
go through the history of all these protended quadra¬ 
tures, the authors of which would at this day have been 
totally unknown, had they not erected a monument to 
their own ignorance and vanity, by attempting that which 
they were totally unacquainted with. We shall, however, 
for the amusement of the reader, furnish him with a few 
more anecdotes on this head, in order to show to what a 


metricians. Mr. Gregory gave also some ingenious me¬ 
thods for approaching near to the measure of the circle, 
and even to that of the hyperbola. Dr. Barrow and se¬ 
veral other persons have also attempted the demonstra¬ 
tion of the same impossibility, with various-degrees of auc- 
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be carried in their erroneous speculations. One Muthu- 
lon, who from being a manufacturer of stuffs at Lyons, 
commenced geometer, claimed the merit of having solved 
this problem, and deposited 1000 crow ns us a reward for 
the person who should prove that his solution was not 

2 N 



QUA 


C *74 ] 


QUA 


% 


correct; which was done by M. Nicole, a member of 
the French Academy of Sciences, who gave the reward 
to the General Hospital at Lyons; and a similar circum¬ 
stance happened some lime afterwards: a Frenchman an¬ 
nounced the quadrature of the circle, and challenged the 
whole world to refute him; and deposited 10,000 livns 
for any person who should do it. This grand problem he 
reduced to the mechanical process o| dividing a circle in¬ 
to quadrants, and then turning these with their angles 
outwards, so as to form a square, which he asserted to 
he equal to the circle. Three persons claimed the re¬ 
ward, and the cause was tried at the Chalelct of Paris; 
but the judges thought a person’s fortune ought not to be 
diminished on account of the error of his judgment, un¬ 
less they were prejudicial to society : whereon the king 
decreed that the proposal should he void : and the Aca¬ 
demy of Sciences recommended him to study the ele¬ 
ments of geometry ; but still he fancied that future ages 
would blush for the injustice that was done him. M. Lc 
Rohbcrgos do Vausenvillc, in a work, entitled, “ Consul¬ 
tation sur la Quadrature du Cercle," inquires of a ma¬ 
thematician if the quadrature of the circle would not 
be obtained if any means were devised for finding the 
centre of gravity of a sector of a circle in common pnrts 
of the radius and the circumference of the same circle ; 
the meaning of this last clause is not clcur, but it may 
be observed that when this can he done without the arc 
being one of the terms, the business will be accorii- 
plLhcd. • % 

The preceding examples, one might suppose, would be 
sufficient for deterring men from farther pursuing this 
hopeless speculation ; 7 yet such is the weakness and vanity 
of some pretenders to science, that hopes arc still enter¬ 
tained by them of obtaining the solution within very nar¬ 
row limits. We have an instance of this infatuation in 
Signor Hossi,- an Italian attorney, who visited London 
about five years ago, to claim the reward ot hrs ingenuity 
in squaring the circle ; but, unfortunately, it rested upon 
the supposition that the side of a square is to its diago¬ 
nal as 5 to 7, or in other words that 49 is equal to 50; 
he was, notwithstanding, very much dissatisfied at not 
receiving the reward iic fancied himself entitled to, 
and returned with a perfect conviction that the English 
had not done him justice. Sec my Translation of Mon- 
tiiclu’s Recreations, vol. 1, pa. 299* & c * 2d edition. 

But though a definite quadrature of the whole circle 
was never yet given, nor of any aliquot part of it; yet 
certain other portions of it have been squared. The first 
partial quadrature was given by Hippocrates of Chios; 
who squared a portion called, from its figure, the Lune, 
or Lunulc ; but this quadrature, has no dependence on 
that of the circle. And some modern geometricians have 
found the quadrature of any portion of the lunc taken at 
pleasure, independently of the quadrature of the circle; 
though still subject to a certain restriction, which pre¬ 
vents the quadrature from being perfect, and what the 
geometricians call absolute and indefinite. See Luke. 
And for the quadrature of the different kinds ot curves, 
sec their several particular names. 

Quadratures by Fluxions .—The most general me¬ 
thod of quadratures yet discovered, is that of Newton, 
by means of fluxions, and is as follows, ac being any 
curve to be squared, ar nn absciss, and DC an ordi¬ 
nate perpendicular to it, also be another ordinate inde¬ 


finitely near to the former. Putting 
ab == x, and bc = y ; then is • 
nt = x the fluxion of the absciss, 
and yx = c b the fluxion of the area 
ABC sought. Now let the value of 
the ordinate y be found in terms of 
the absciss x, or in a function of the absciss, and let 
that function bc called x, that is y = x ; then substitu¬ 
ting x for y in yx % gives xx the fluxion of the area; 
and the fluent of this, being taken, gives the area or qua¬ 
drature of a bc as required, for any curve, whatever its 
nuture may be. 

Ex . Suppose, for example, ac to bc a common para¬ 
bola ; then its equation is px = y 2 , where p is the para¬ 
meter; which gives y = y/px , the value of y'in.a func¬ 
tion of x, and is what is called x above ; lienee then 



yx — xs/px = 7 > t x t x is the fluxion of the area ; and 

- ij 

the fluent of this is |/> T x T = \x*/px = y = \ of the 
circumscribing rectangle bd ; which therefore is the 
quadrature of the parabola. 

Again, if ac be a circle whose diameter is d ; then its 
equation is y* = dx — x\ which.gives y = </(dx — x 2 ), 
and the fluxion of the area yx = xy/(dx — x - '). But as 
the fluent of this cannot be found in finite terms, the 
quantity </(dx — x' 2 ) is developed or thrown yito a se¬ 
ries, and then the fluxion of the area is yx = x*/(dx — x*) 
’ - - • -- * x x* l.ax* Q 

- &C > i Qnd ,hc 


= i^dx X (1 - ^7 - 2 ^. 

fluent of this gives xy/dx x 
a l x _i_ 3 ? 1.3 x» 

'”3 ~i~ ’ ~dT 4.7 ’ ~dT 4 . 6.9 ’ ~rf r 

the general expression of the area abc. Now when tho 
space becomes a semicircle, x becomes = d, and then tho 


&c) for 


i 


1.0 


&c) 
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series above becomes d 2 (-— — 

' 3 3 4,7 4 . 6.9 

for the area of the semicircle whose diameter is d. 

In spirals car, or any curves referred to a centre c ; 

putting y = any radius cr, x = bn the arc of a circle 

described about the centre c, at 

any distance eh = a, and enr 

another ray indefinitely near cnr: 

then icK . nu = iax = cun, and 

by sim. fig. cn 2 : ca* or a 4 : y* : : 

esn ; — car the fluxion of 

an 

the area described by the revolving 
ray cn ; then the fluent of this, for 
any particular case,'will bc the quadrature of the spiral. 
So if,.for instance, it be Archimedes’s spiral, in which x : 
y in a constant ratio, suppose as m : n, or my — nx, and 

V* ~ * hence then car = the fluxion 

J m’ v aa 1 am’ 

the 
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of the area : the fluent 'of which is r—; = -r— 

^ o am va 

general quadrature of the spiral of Archimedes. 

QUADRIBLU. Squarnble. 

QUADRILATERAL, or Quadrilateral - Figure , 
is ft figure comprehended by four right lines-; and haying 
consequently also four angles ; for -which reason it is 
otherwise called a quadrangle. The general term qua¬ 
drilateral comprehends these several particular species or 
figures, viz, the square, parallelogram, rectangle, rhom¬ 
bus, rhomboides, and trapezium. If tlie opposito side* 
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be parallel, the quadrilateral is a parallelogram. If the 
parallelogram have its angles right ones, it is a rectangle ; 
it oblique, it is an oblique one. The rectangle having all 
its sides equal, becomes a square; and the oblique paral¬ 
lelogram having all its sides equal, is a rhombus, but if 
only the opposites be equal, it is a rhomboides. All 
other forms of the. quadrilateral, are trapeziums, in¬ 
cluding all the irregular shapes of it. 

The sum ot all the four angles of any quadrilateral, is 
equal to 4 right angles. Also, the two opposite ungles of 
a quadrilateral inscribed in a circle, taken together, arc 
equal to two right angles. . And in this case the rectangle 
of the two diagonals is equal to the sum of the. two 
rectangles ol the opposite sides. For the properties of 
the particular species of quadrilaterals, see their respec¬ 
tive names, Square, Rectangle, Parallelo¬ 
gram, IlnoMBus, Riiomboides, Trapezium, and 
Trapezoid. 


consists, exist distinctly, and unconnected; which makes 
what is called multitude or number, the object of arith¬ 
metic. - * 

The notion of continued quantity, and its difference 
from discrete, appears to some without foundation. Mr. 
Machin considers all mathematical quantity, or that for 
which any symbol is put, as nothing else but number, 
with regard to some measure, which is considered as 1 ; 
for that we know nothing precisely how much any thing 
is, but by means of number. The notion of continued 
quantity, without regard to some measure, is indistinct 
and contused ; and though some species of ?uch quantity, 
considered physically, may be described by motion, as 
lines by the motion of points, and surfaces by the mo¬ 
tion ot lines ; yet the magnitudes, or mathematical quan¬ 
tities, are not made by the motion, but by numbering 
according to a measure. Philos. Trans, numb. 447, pa! 
22S. v 


QUADItIPARTITION, is the dividing by 4, or into 
four equal parts. 1 

QUADRUPLE, is four-fold, or.something taken four 
times, or multiplied by 4. 

QUALITY, denotes generally the property or affec¬ 
tion of some bejng, by which it affects our senses in a 
certain way, &c. 

Sensible Qualities arc such as are the more imme¬ 
diate object of the senses : as figure, taste, colour, smell, 
hardness, &c. 

Occult Qualities, among the ancients, were such as 
did not admit of a rational solution in their way. 

Dr.Keil demonstrates, that every quality which is pro¬ 
pagated in orbetn, such as light, heat, cold, odour, &c, 
has its efficacy or intensity either increased, or decreased, 
in a duplicate ratio of the distances from the centre of 
radiation inversely. So at double the distance from the 
earth's centre, or from a luminous or hot body, the weight 
or light or heat, is but a 4th part; and at 3 times the 
distance, they are 9 tiroes less, or a 9th part, &c. 

Sir Isaac Newton lays it down as one of the rules of 
philosophizing, that those qualities of bodies that are in¬ 
capable of- being intended and remitted, and which arc 
found to obtain in all bodies on which experiment could 
ever be tried, are to be esteemed universal qualities of all 
bodies. / ... 

Quality of Curvature , in the higher Geometry, is 
used to signify its form, as it is more or less inequable, or 
as it is varied more or less in its progress through diffe¬ 
rent parts of the curve. Newton's Method of Fluxions, 
pa. 75; and Maclaurin's Fluxions, art 369 . 

QUANTITY, denotes any thing capable of estimation, 
or mensuration ; or which, being compared with another 
thing of the same kind, may be said to be either greater 
or less, equal or unequal to it. Mathematics is the doc-' 
trine or science of quantity. 

Physical or Natural Quantity, is of two kinds: 1st, 
that which nature exhibits in piattcr, and its extension ; 
and 2dly, in the powers and properties of natural bodies • 
as gravity, motion, light, heat, cold, density, &c. Quan¬ 
tity is popularly distinguished into continued and dis¬ 
crete. 

Continued Quantity, is when the parts arc connect¬ 
ed together, and is commonly called magnitude; which 
is the object of geometry. 

Discrete Quantity, is when the parts, of which it 


Quantity of Action. Sec Action. 

Quantity of Curvature at any point of a curve is de¬ 
termined by the circle of curvature at that poiflt, and is 
reciprocally proportional to the radius of curvature. 

Quantity, pf Matter in any body, is its measure 
arising from the joint consideration of its magnitude and 
density, being expressed by, or proportional to the pro¬ 
duct of the two. So, 

if m and tn denote the magnitude of two bodies, 
and d and d their densities; 

then dm and dm will be as their quantities of matter. 
I he quantity of matter of a body is best discovered by 
its absolute weight, to which it is always proportional, 
and by which it is measured. 

* Quantity of Motion , or the Momentum, of any body, 
is its measure arising from the joint consideration of its 
quantity, and the velocity with which it moves. So, 
if (j denote the quantity of matter, 
and v the velocity of any body ; 
then qv will be its quantity of motion. 

Quantities, in Algebra, arc the expressions of indefi¬ 
nite numbers, that are usually represented by letters. 
Quantities are properly the subject of algebra; which 
consists in the computation of such quantities. 

Algebraic quantities arc cither given and known, or 
else they are unknown and sought. The given or known 
quantities are usually represented by the first letters of 
the alphabet, as a, h, c, </, e, &c, and the unknown’ or 
required quantities, by the last letters, as x, y, x, u\ 
&c. and also indeterminate, or such as may be assumed 
at pleasure, by some of the middle letters, as m, n, p , 
&c c. 

Again, algebraic quantities are cither positive or nega¬ 
tive.—A positive or affirmative quantity, is one that’ is to 
be added, and has the sign ^ or plus prefixed, or under¬ 
stood I; as ab or And a negative or privative quan¬ 

tity, is one that is to be subtracted, and has the sign 
or minus prefixed ; as —ah. 

QUART, n measure of capacity, being the quarter or 
4th part of some other measure. The English quart is 
the 4th part pf the gallon, and contains two pints. The 
Roman quart, or quartarius, was the 4th part of their 
congius. The French had, besides their quart or pot of 
two pints, various other quarts, distinguished by the 
whole of which they ure quarters ; as quart dc muid, and 
quart de boisscau. 
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QUARTER, the 4th part of a whole, or one part of an 
integer, which is divided into four equal portions. 

Quarter, in weights, is the 4th part of the quintal, or 
hundred weight; and so contains 28 pounds. 

Quarter is also a dry measure, containing of corn 8 
bnshrls striked ; and of coals the 4th part of a chaldron. 

Quarter, in Astronomy ; the moon's period, or luna¬ 
tion, is divided into 4 stages or quarters, each containing 
between 7 and 8 days. The.first quarter is from the new 
moon to the quadrature; the second i» from thence to 
the full moon, and so on. __ 

Quarter, in Navigation, is the quarter or 4th part 
of a point, wind, or rhumb ; or of the distance between 
two points &c. The quarter contains an arch of 2° 48' 
45", being the 4th part of 11° 15', which is one point. 

Quarter Round, in Architecture, is a term used by 
the workmen for any projecting moulding, whose contour 
is a quarter of a circle, or nearly so. 

QUA UTILE, an aspect of the planets when they are 
at the distance of 3 signs or y0° from each other : and is 
denoted by the character 

QUEUE d’Aronde, or Swallow's Tail, in Fortifica¬ 
tion, is a detached or outwork, w hose sides spread or open 
towards the campaign, or draw narrower and closer to¬ 
wards the gorge. Of this kind are either single or double 
tenaillcs, and some horn-works, whose sides arc not paral¬ 
lel, but are narrow ut the gorge, and open nt the head, 
like the figure of a swallow's tail. On the contrary, when 
the sides arc less than the gorge, the work is called contrc 
Queue d’aronde. 

Queue d'Aronde, in Carpentry, a method of jointing, 
called also dove-tailing. 

QUICKSILVER, the same as Mercury ; which see. 

QUINCUNX, in Astronomy, is that position, or 
aspect, of the planets, when distant from each other by 
-^ths of the whole circle, or 5 signs out of the 12, that 
is 150 degrees. The quincunx is marked Q, or Vc. 

QUIN DECAGON, is a plane figure of 15 sides, and 
consequently the same number of angles. When those 
arc all equal, it is a regular quindecagon, otherwise not. 
Euclid shows how to inscribe this figure in a circle, prop. 


l6, lib. 4. And the side of a regular quindecagon, so 
inscribed, is equal in power to the hall difference between 
the side of the equilateral triangle, and the side of the 
pentagon ; and also the difference of the perpendiculars 
let fall on both sides, taken together. 

QU1NQUAGESIM A.-Sunday, is the same as Shrovc- 
Sunday, and is so called as being about the 50th day be¬ 
fore Easter, being indeed the 7th Sunday before it v An¬ 
ciently the term quinquagesima was used for Whitsunday, 
and for the50 days between Easter and Whitsunday ; but to 
distinguish this quinquagesima from that before Easter, it 
was called the paschal quinquagesima. 

QUINQUEANG^ED, or Quinqueangular, con¬ 
sisting of 5 angles. 

QUINTAL, the weight of a hundred pounds, in most 
countries; but in England it is the hundred weight, or 
1 12 pounds. Quintal was also formerly used for u weight 
of lead, iron, or other common metal, usually equal to a 
hundred pounds, at 6’ score to the hundred. 

QUINTILE, in Astronomy, an aspect of the planets 
when they arc distant the 5th part of the zodiac, or 72 
degrees ; ami is marked thus, c, or o. 

QUINTUPLE, 5 times as much as another thing. 

QUOIN, in Architecture, an angle or corner of stono 
or brick walls. When these stand out beyond the rest of 
the wall, their edges being chamferrcd off, they arc called 
rustic quoins. 

Quoin, in Artillery, is a loose wedge of wood, which 
is put in below the breech of a cannon, to raise or depress 
it more or less. 

QUOTIENT, in Arithmetic, is the result of the ope¬ 
ration of division, or the number that arises by dividing 
the dividend by the divisor, showing how often the latter 
is contained in the former. Thus the quotient of 12 di¬ 
vided by 3 is 4; which is usually thus disposed, or ex¬ 
pressed, 3 ) 12 ‘(4 the quotient, 

or thus 12 -r- 3 = 4 the quotient, or thus like a 
vulgar fraction ; all these meaning the same thing.—In 
division, ns the divisor is to the dividend, so is unity or 1 
to the quotient; thus 3 : 12 : : 1 : 4 is the quotient. 
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ADI ANT Point , or Radiating Point, is any point 
from which rays proceed. Every radiant point dif¬ 
fuses innumerable rays in all directions: but those rays 
are only visible from which right lines can' be drawn to 
the pupil of the eye; because the rays arc all in right 
lines. All the rays proceeding from the same radiant 
continually diverge; but the crystalline collects or re¬ 
unites them again. 

RADIATION, is the casting or shooting forth of rays 
of light as from a centre.—Every visible body is a radia¬ 
ting body ; it being only by means of its rays that it af¬ 
fects the eye.—The surface of a radiating or visible body/ 
may bc'conceivcd os consisting of radiant points. 


RAD 

RADICAL Sign, in Algebra, the sign or character de¬ 
noting the root of a quantity ; and is this, y/. . So »/2 
is the square root of 2, and y/2 is the cube root-of 
2 , &c. 

RADIOMETER, a name which some writers give to 
the radius astronomicus, or Jacob’s staff. See Fork- 
Stapf. 

RADIUS, in Geometry, the semidiameter of a circle j 
or a right line drawn from the centre to the circum¬ 
ference.—It is implied in the definition of a circle, and it 
is appurent from its construction, thut all the radii of the 
same circle are equal.—The radius is sometimes called, in 
trigonometry, the sinus totus, or whole sine. 
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Radius, in the Higher Geometry. Radius nf (he 
Evolu(a> Radius Oscu/i , called also the Radius of con - 
• cavity , and the Radius of curvature , 
is the right line CB, representing* a 
thread, by whose evolution from off \ 

the curve ac, upon which it ' v 'as \ 

wound, the curve ab is formed. ./ \ 

Or it is the radius of a circle having \ 

the same curvature, in a given point 1 \ 

of the curve at b, with that ot the \\ 

curve in that point. See Curvature \ 

and Evolutr, where the method of 'C 

finding this radius may be see n. 

Radius Astronomicus , an instrument usually called 
Jacob's staff, the Cross-staff, or Fore-staff. 

Radius, in Mechanics, is applied to the spokes of a 
wheel ; because issuing like rays from its centre. 

Radius, in Optics, i See Ray. 

Radius Vector , is used for a right line drawn from the 
centre of force in any curve in which a body is supposed 
to move by a centripetal force, to that point of the curve 
where the body is supposed to be. In the elliptical orbit 
of a planet, let a = the greater semiaxis ; a e = distance 
from the centre to the focus, or c = cxccntricity for 
the greater semiaxis 1, v = true anomaly, and u = 
cxcentric anomaly ; then the radius vector r is expressed 
by either of the following formula?, r = cos. u ) 

«(•-*). 
or r = --. 

1 — € CO*. V • 

RADIX, or Root , is a certain finite expression or 
function, which, being evolved or expanded according to 
the rules proper to its form, produces a series. That 
finite expression, or radix, is also the value of the infinite 
series. So j is the radix of '3333 &c, because \ being 
evolved or expanded, by dividing 1 by 3, gives the 
infinite scries ‘3333 &c. In like manner, the radix 

of 1 - f -f- r 2 — r 3 r 1 &c is :——• 


of 1 — 
of 1 — 
of 1 — 


— & C is 


of— - 
•2 

of 1 

Of 1 -4- 
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— 1 -f- 1 icc is 

— 8 4- 16 &c is 

i i Q 
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x 3 x 4 &c is 

-f- 4r 3 5x 4 &c is 
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77T 

i 

TT7 1 

i 


'Or 4 
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See my Tracts, vol, 1 , tracts 7 and 8. 

RAFTERS, in Architecture, are pieces of timber 
which stand by pairs on . the raising-piece, or wall 
plate, and meet in an angle at the top, forming the roof 
of a building. These commonly rise at 45?, and meet 
in a right angle at top; and then the roof is said to be 
of a true pitch. 

RAIN, water that descends from the atmosphere in the 
form of drops of a considerable size. Rain is appa¬ 
rently a precipitated cloud ; as clouds arc nothing but 
vapours raised from moisture, waters, &c. By this cir¬ 
cumstance it is distinguished from dew and fog: in the 
former of which the drops are so small that they are quite 
invisible; and in the latter, though their size be larger, 


they seem to have very little more specific gravity than 
the atmosphere itself, and may therefore be reckoned hol¬ 
low spherules rather than drops. 

It is universally agreed, that rain is produced by the 
water previously absorbed by the heat of the sun, or other¬ 
wise, from the terraqueous globe, into the atmosphere, as 
vapours, or vesicula?. These vesicula?, being specifically 
lighter than tlu^almosphere, are buoyed up by it, till they 
arrive at a region where the air is in a just balance with 
them ; and there they float, till by some new agent they 
are converted into clouds, and thence either into rain, 
snow, hail, mist, or the like. 

Bui the agent in this formation of the clouds into rain, 
and even of the vapours into clouds, has been much con¬ 
troverted. Most philosophers will have it, that the cold, 
which constantly occupies the superior regions of the air, 
chills and condenses the vesiculae, at their arrival from a 
warmer quarter ; congregates them together, and occa¬ 
sions several of them to coalesce into little masses : and 
thus their quantity of matter increasing in a higher pro¬ 
portion than their surface, they become an overload to 
the thin air, and so descend in rain. 

Dr. Dcrham accounts for the precipitation, from the 
vesiculae being full of air; when they meet with a colder 
air than that they contain, this is then contracted into a 
less space: and consequently the watry shell or case 
becomes thicker, so as to become heavier than the air, 
&c. 

But this separation cannot be ascribed to cold, since 
rain often takes place in very warm weather. And though 
we should suppose the condensation owing to the cold of 
the higher regions, yet there is a remarkable fact which 
will not allow us to have recourse to this supposition: for 
it is certain that the drops of rain increase in size con¬ 
siderably as they.descend. On the top of a hill for in¬ 
stance, they will be small and inconsiderable, forming 
only a drizzling shower; but half way down the hill it is 
much more considerable; and at the bottom the drops 
will be very large, descending in an impetuous rain. 
Which shows that the atmosphere coudcnscs the vapours 
as well where it is warm as where it is cold. 

Others allow the cold only a part in the action, attri¬ 
buting, to the wind a considerable part of the agency: 
alleging, that a wind blowing against a cloud will drive 
its vesicula? upon one another, by which means several 
of them coalescing as before, will be enabled to descend ; 
and that the effect will be still more considerable, if two 
opposite winds blow together towards the same place: they 
add, that clouds already formed, happening to be aggre¬ 
gated by fresh accessions of vapour continually ascending, 
may thence be enabled to descend. 

Yet the grand cause, according to Rohault, is still be¬ 
hind. That author conceives it to be the heat of the air, 
which, after continuing for some time near the earth, is at 
length carried up on high by a wind, and there thawing 
the snowy villi or flocks of the- half-frozen vesicula?, it 
reduces them into drops; which, coalescing, descend, and 
have their dissolution perfected in* their progress through 
the lower and warmer stages of the atmosphere. 

Others, as Dr. Clarke, &c, ascribe this descent of the 
clouds rather to an alteration of the atmosphere than of 
the vesiculae ; and suppose it to arise from a diminution 
of the spring or elastic force of the air. This elasticity, 
vyhich depends chiefly or wholly on the dry terrene exha¬ 
lations, being weakened, the atmosphere sinks under its- 


t 


R A I 


It A I [ 278 ] 


burden ; and the clouds full, on the common principle of 
precipitation. 

• Now the small vesicular, by these or any other causes, 
being once upon the descent, will continue to descend 
notwithstanding the increase of resistance they every mo¬ 
ment meet with in their progress through still denser 
and denser parts of the atmosphere. For as they all tend 
toward the same point, viz, the centre of the earth, the 
farther they fall, the more coalitions will they make; and 
the more coalitions, the more matter will there be under 
the same surface; the surface only increasing as the 
squares, but the solidity as the cubes of the diameters : 
and the more matter under the same surface, the less 
friction or resistance there will be to the same matter. 

Thus then, if the causes of rain happen to act early • 
enough to precipitate the ascending vesicular, before they 
are arrived at any considerable height, the coalitions being 
few in so short a descent, the drops will be proportionably 
small ; thus forming what is called dew. If the vapours 
prove more copious, and rise a little higher, there is pro¬ 
duced a mist or fog. A little higher still, and they pro¬ 
duce a small rain, &c. If they neither meet with cold 
nor wind enough to condense or dissipate them; they form 
a heavy, thick, dark sky, which lasts sometimes several 
days, or even weeks. 

But later writers on this part of philosophical science 
have, with greater show of truth, considered rain as an 
electrical phenomenon. Signior Beccaria counts rain, 
hail, and snow, among the effects of a moderate electri¬ 
city in the atmosphere. Clouds that brin<* rain, he thinks 
arc produced in the same manner as thunderclouds, only 
by a moderate electricity. He describes them at large; 
and the resemblance which all their phenomena bear to 
thosb of thunder clouds, is very striking. He notes several 
circumstances attending rain without lightning, which 
render it probable that it is produced by the same cause 
at when it is accompunicd with lightning. Light has 
been seen among the clouds by night in rainy weather; 
and even by day rainy clouds arc sometimes seen to have 
a brightness evidently independent of the sun. The uni¬ 
formity with which the clouds are spread, and with which 
the rain falls, he thinks are evidences of a uniform cause 
like that of electricity. The intensity also of electricity 
in his apparatus usually corresponded very nearly to the 
quantity of rain that fell in the same time. Sometimes 
all the phenomena of thtmdet, lightning, hail, rain, snow, 
and wind, have been observed at one time; which shows 
the connection they all have with some common cause. 
Signior Beccaria therefore supposes that, previous to rain, 
a quantity of electric matter escapes out of the earth, in 
some place where there is a redundancy of it; and in 
its ascent to the higher regions of the atmosphere, collects 
and conducts into its path a great quantity of vap'ours. The 
same cause that collects, will condense them more and 
more; till, in the places of the nearest intervals, they 
come almost into contact, so as to form small drops ; 
which, uniting with others as they fall, emne down in the 
form of rain. The rain will be heavier in proportion as 
the electricity is more vigorous, and the cloud approaches 
more nearly to a thunder cloud : &c. Sec Letterc dell 
Elettricismo; and Priestley’s Hist. Set of Electricity, vol. 
1, pa. 427» &c, 8vo. And for further accounts of the 
phcnomcnaof rain,&c, see Barometer, Evaporation, 
Ombrometer, Peuviameter, Vapour, See . See also 
the *1 heory of Rain, by Dr. James Hutton, art 2, vol. 1 
of Transactions of the Royal Society of Edinburgh. 


Quantity of Rain. As to the general quantity of rain 
that falls, with its proportion in several places at the same 
time, and at the same place in different times, there are 
many observations, journals,&c, in the Philos. Trans., the 
Memoirs of the French Academy, See . 

It has been ascertained by observation, that the mean 
annual quantity of rain is greatest at the equator, where 
it decreases gradually towards the poles. Thus, at 
Granada, Antilles, lat. 12° it is 126 inches. 

St. Domingo - - 19 46' - 120 

Calcutta - - 22 23 - 81 

Rome - - -41.54-39 

England - - - 33 00 - 32 

Petersburg - - 59 l6 - l6 

Philos. Mag. vol. 44, pa. 350. Hence it appears that the 
quantity of rain is influenced generally by the heat of 
the climate. But it is also much influenced by particular 
local causes and circumstances, as affected by hills and 
mountains, and by the vicinity of seas, &c, as further 
appears by the following tables and observations. Thus on 
measuring tho rain that falls annually, its depth, on a me- • 
dium, in several places, is found as in the following table: 
Mean Annual Depth qf Rain for several Places. 

At Observed by . Inch . 

Townley, in Lancas. - - Mr. Townley - - - - 42.*. 

Upminster, in Essex - - Dr. Dcrhum - - - - 19 ^ ' 

Zurich, Swisserland - + .Dr. Scheuchzer - - - 32 ** 
Pisa, in Italy - - - - Dr. Mich. Ang. Tilli - 43J 
Paris, in France - - - M.Lahire - . - - - 19 

Lisle, Flanders - - - M. Dc Vauban - - - 24 


Quantity of Rain fallen in .several Years at Paris and 
. Upminster . 


At Paris. 

Years. 

At Upminsfer. 

Inches 21*37 

- 1700 - 

- - 19-03 inches. 

2777 - 

- 1701 - 

- - 18'6’9 

17-45 - 

- 1702 - 

- - 20-38 

18.51 - 

- 1703 - 

- - 2399 

21-20 - 

- 1704 - 

- - l*-80 

1482 - 

- 1705 - 

- - 16-93 

20- 19 - 

Mediums 

*- 1914 


Medium Quantity of Rain at London, for several Years , 

from the Philos . Trans. 


Viz, in 1774 - - - - 

26-328 inches. 

>775 - - - - 

24083 

1776 - - - - 

20-354 

1777 - - - - 

25-371 

1778 - - - - 

20-772 

1779 - - - - 

26785 

1780 - - - - 

17-313 


Medium of these 7 years 23*001 

See also the Meteorological Journal of the Royal So¬ 
ciety, published annually in the Philos. Trans, and the 
article Peu via meter or Ombrometer. 

Itis reasonably to beexpected, and all experience shows, 
that the most rain falls in places near the sen coast, and 
less and less as the places are situated more inland. Some 
differences also arise from the circumstances of hills, val¬ 
leys, &c. So when the quantity of rain fallen in one 
year at London, is 20 inches, that on the western coast 
of England will often be twice as much, or 40 inches, or 
more. Those winds also bring most rain, that blow from 
the quarter in which is the most and nearest sea; as our 
west and south-west winds. 

It is also found, by the pluviamotcr or rain-gage, that, 

in any one place, the more rain is collected in the in- 

# 
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strumcnt, as it is placed nearer the ground ; without any 
appearance of a difference, between two places, on account 
of their difference of level above the sea, provided the in¬ 
strument is but as far from the ground at the one place 
as at the oilier. These effects are remarked in the Philos, 
lrans. for 1769 and 1771, the former by Dr. Hebcrden, 
and the latter by Mr. Dairies Barrington. Dr. Hebcrden 
says, “ A comparison having been made between the quan¬ 
tity of rain, which fell in two places in London, about a 
mile distant from one another, it was found, that the rain 
in one of them constantly exceeded that in the other, not 
only every month, but almost every time that it rained. 
The apparatus used in each of them was very exact, and 
both made by the same artist; and upon examining every 
probable cause, this unexpected variation did not appear 
to be owing to any mistake, but to the constant effect of 
some circumstance, which not being supposed to be of 
any moment, had never been attended to. The rain- 
gage in one of these cases was fixed so high, as to rise 
above all the neighbouring chimneys; the other was con¬ 
siderably below them ; and there appeared reason to be¬ 
lieve, that the difference of the quantity of rain in these 
two places, was owing to this difference in the placing of 
the vessel in which it was received. A funnel was there¬ 
fore placed above the highest chimneys, and another on 
the ground of the garden belonging to the same house, 
and there was found the same difference between these 
two, though placed so near one another, which there had 
been between them, when placed at similar heights in 
different parts of the town. After this fact was sufficiently 
ascertained, is was thought proper to try whether the dif¬ 
ference would be greater at a much greater height; and a 
rain-gage was therefore placed upon the square part of the 
roof of Westminster Abbey. Here the quantity of rain 
was observed for a twelvemonth, the rain being measured 
at the end of every month, and care being taken that 
none should evaporate by passing a very long tube of the 
funnel into a bottle through a> cork, to which it was ex¬ 
actly fitted. The tube went down very near to the bot¬ 
tom of the bottle, and therefore the rain which fell into 
it would soon rise above the end of the tube, so that the 
water was no-wberc open to the air except for the small 
space of the area of the tube : and by trial it was found 
that there was no sensible evaporation through the tube 
thus fitted up.—The following table shows the result of 
these observations. 


From July thgphl 766. to July the 7th 1767, there fell 
_" in a rain-gage, fixed 


1766. 

-1 

the tap 
^ of a house. 

Uppn die top 
of a house. 

Upon West¬ 
minster Abbey. 

From the 7tli co 

Inches. 

Inches. 

% 

. Inches. 
2-311 

7 

the end of Julj 
k ' August 

3-591 

0 558 

3-210 

0-479 

September 

0-421 

0-344 

> 0-508 » 

October 

* 2-364 

206l 

J 

1-416 

November 

1 0 79 

0-842 

0*632 

December 

1-612 

1'258 

0-994 

1*033 

1767, January 

2071 

1-455 

February 

2*664 

2-494 

1*335 

Miircli 

l-b07 

1*303- 

0-587 

April 

1-437 

1*213 

0-994 

May 

June % 

2432 

1997 

1*745 

1 *426 

1*142 

7 , 

«te JuIy7 

0 3.95 

0*309 

} 1-145 


22-608 

18-139 

32-099 


By this table it appears, that there fell below the top 
of a house above a filth part more rain, than what fell in 
the same space above the top of the same house; and 
that there fell upon Westminster Abbey not much above 
one halt of what was lound to tall in the same space below 
the tops ol the houses. This experiment lias been re¬ 
peated in other places with the same result. What may 
be the cause of this extraordinary difference, has not yet 
been discovered ; but it may be useful to notice it, in 
order to prevent that error, which would frequently be 
committed in comparing the rain of two places without 
attending to this circumstance." 

•Such were the observations of Dr. Hebcrden on first 
announcing this circumstance, viz, of different quantities 
of rain tailing at different heights above the ground. Two 
years afterwards, Dailies Barrington Esq. made' the fol¬ 
lowing experiments and observations, to show that this 
effect, with respect to different places, respected only the 
several heights of the-instrument above the ground at 
those places, without regard to any real difference of level 
in the ground at those places. 

Air. Barrington caused two other rain-gages, exactly 
like those of Dr. Hebcrden, to be placed, the one upon 
mount Rennig, in Wales, und the other on the plane 
below, at about halt a mile's distance, the perpendicular 
height of the mountain being 450 yards, or 1350 feet; 
each gage being at the same height above the surface of 
the ground at the two stations. 


The results of the experiment arc as below-* 

1770. 

)k>uom of the 
mountain. 

Top of the 
mountain. 


Inches. 

Inches. 

From July 6 to 16 

0709 

0 648 

July l6 to 29 

2-185 

2124 

July 29 to Aug. 10. 
Sept. 9 both bottles had run 
over. 

0 610 

0-6o6 

Sept. 9 to 30 

Oct. 17. both bottles had run 
• over. 

3-234 

2-464 

Oct. 17 to 22 

0747 

0-885 

Oct. 22 to 29 

Nov. 20 both bottles were 

1-281 

1-338 

broken by the frost. 

S-?66 

S-165 

“ i he inference to be druwn from these experiments," 


Mr. Barrington observes, “ seems to be, that the increase 
of the quantity of ruin depends upon its nearer proximity 
to the earth, and scarcely at ull on the height of places, 
provided the rain-gages are fixed ut about the same dis¬ 
tance from the ground. 

“ Possibly also a much controverted point between the 
inhabitants of mountains and plains may receive a solu¬ 
tion from these experiments; as in an adjacent valley, at 
least, very nearly the same quantity of ruin appears to fall 
within the same period of time as on the neighbouring 
mountains." 

Dr. Hebcrden also adds the following note. “ It may 
not be improper to subjoin to the foregoing account, thar 
in places where it was first observed, a different quantity 
of ruin would be collected, according ns the rain-gages 
were placed above or below the tops of the neighbouring 
buildings ; the rain-gage below the top of the house, into 
which the greater quantity of raiu had for several years 
been found to fall, was above 1.5 feet above the level of tbo 
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other rain-gage,which in another part of London was placed 
above (he top of (lie house, and into which the lesser 
quantity always fell. This difference therefore does not, 
as Mr. Barrington justly remarks, depend on the greater 
quantity of atmosphere, through which the rain descends: 
though this has been supposed by some, who have thence 
concluded that this appearance might readily be solved 
by the accumulation of more drops, in a descent, through 
a great depth of atmosphere." 

The quantity of rain that falls at Bombay is very ex¬ 
traordinary. The following register of the quantity fallen 
there in 8 successive years, is extracted from the Monthly 
Magazine for 1796", pa. 99. 

1 7 84— continued. 


In 1780 . From 
July 4 to Aug 4 
Aug 5, to Sep. 7 
Sep. 8, to Oct. 14 


Inches 

20-4 


August - 

17 41 Sep. to Oct. 6 

15-6 


17*7 

122 

47 5 


53-4 


1781. From 
June 14, to July 3 - 
July 3, to Aug. 10 - 
Aug. 11, to Sep. 3 - 
Sep. 4, to Oct. 14, - 


233 

8-7 

24-1 
144 


70 5 


1785. From 
May 29, to 31 
June - 
July - 
August - 
September 
October 27 - 


1782. From 
May 28, to May 31 
June 1, to July 2 - 
July 3, to Aug. 9, - 
Aug. 10, to 31 
Sep. I, to Oct. 5 


5-5 
9 0 
25-3 
13*3 
14 5 
2 '6 

70-2 


22 


1786. From 


8-3 June 12, to 30 


S9'0 


July - 
5-6 August - 
6*7 September 
October 12 


518 


2 69 

25‘6 

10*1 

10*4 

1-0 


1783. From 
June 1, to July 3 
July 4, to Aug. 7 
Aug. 8, to 31 
Sep. 1, to Oct. 4 


740 


- 257 


From 


1784. 

June 6, to 30 
July - 

From this abstract 


1787- From 
30-3 June 11, to 26 
7'1 June 27, to July 31 
9.9 August 
< 7 <i September 
-October 12 


8-2 

94 


Gen. y®arly average 63*85 

it appears, that the rainy season 
commences about the beginning of June, and ends in the 
2d week of October; and that July is the most rainy 
month, the general average of July being 227 inches, or 
above one-third of the whole. The heaviest ruin thnt 
fell during these 8 years, was in 1782, on July 19 , 6 
inches, 20th, 5*6, 21st 6-4. 

RAINBOW, Irif , or simply the Bow, is a meteor in 
form of a party-coloured arch, or semicircle, exhibited 
in a rainy sky, opposite tor the sun, by the refraction and 
reflection of his rays in the drops of falling min. There 
is also a secondary, or fainter bow, usually seen investing 
the former at some distance. .Among naturalists, we 
also read of lunar rainbows, marine rainbows, See. 

The rainbow, Sir Isaac Newton observes, never appears 
but when; it rains in the sunshine; and it muy be repre¬ 
sented artificially, by contriving water to lull in small 
drops like ruin, through which the sun shining, exhibits 
a bow to the spectator placed between the sun and the 
drops, especially if there be disposed boyond the drops 
some dark body, as a black cloth, or such like. 

Some of the ancients, as appears by Aristotle's tract 
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on Meteors, knew that the rainbow was caused by the 
refraction of the sun’s light in drops of falling rain. Long 
afterwards, one Fletcher of Breslaw, in a treatise which 
he published in 1571, endeavoured more particularly to 
account for the colours of the rainbow by means of a 
double refraction, and one reflection. But he imagined 
that a ray of light, after entering a drop of rain, and suf¬ 
fering a refraction, both at its entrance and exit, was 
afterwards reflected from another drop, before it reached 
the eye of the spectator. It seems he overlooked the re¬ 
flection at the farther side of the drop, or else he ima¬ 
gined that all the bendings of the light within the drop 
would not make a sufficient curvature, to bring the ray of 
the sun to the eye of the spectator. But Antonio dc 
Dominis, Bishop of Spalato, about the year 1590, whose 
treatise De Radiis Visus et Lucis was published in l6ll 
by J. Bartolus, first advanced, that the double refraction 
of Fletcher, with an intervening reflection, was sufficient 
to produce the colours of the rainbow, and also to bring 
the rays that formed them to the eye of the spectator, 
without any subsequent reflection. He distinctly describes 
the progress of a ray of light entering the tipper part of 
the drop, where it suffers one refraction, and after being 
by that thrown upon the back part of the inner surface, 
is from thence reflected to the lower part of the drop; at 
which.place undergoing a second refraction, it is thereby 
bent so as to come directly to the eye. To verify this hy¬ 
pothesis, he procured a small globe of solid glass, and 
viewing it when it was exposed to the rays of the sun, in 
the same manner in which he had supposed the drops of 
rain were situated with respect to them, he actually ob¬ 
served the same colours which he had seen in the true 
rainbow, and in the same order. Thus this author show ed 
how the interior bow is formed in round drops of rain, 
viz, by two refractions of the sun's rays and one reflec¬ 
tion between them ; and he likewise showed that the ex¬ 
terior bow is formed by two refractions and two sorts of 
reflections between them in each drop of water. 

The theory of A. dc Dominis was adopted, and in some 
degree improved with respect to the exterior bow, by 
Descartes, in his trentise on Meteors; and indeed he wus 
the first who, by applying mathematics to the investigation 
of this surprising appearance, ever gave a tolerable theory 
of the rainbow. Philosophers vyre however still at a 
loss when they endeavoured to assign reasons for all the 
particular colours, and for the order of them. Indeed 
nothing but the doctrine of the different ^frangibility of 
the rays of light, a discovery which was reserved for the 
great Newton, could furnish a complete solution of this 
difficulty. 

Dr. Barrow, in his Lcctiones Optiesdpht. Lcct. 12, n.14, 
says, that a friend of his (by whom we arc to understand 
Mr. Newton) communicated to him n method of deter¬ 
mining the angle of the rainbow, whicfi was hinted 
Newton by Slusius, .without m^kin« a table of tho re¬ 
fractions, as Descartes did. The ddfctor shows the me¬ 
thod; os also several other matters, at n. 14, 15, J(>, re¬ 
lating to the rainbow, worthy the genius of those two 
eminent men. But the subject was given more perfectly 
by Newton afterwards, viz, in his Optics, prop. 9» where 
he makes the breadth of the intcrio| b ow to nearly 
2° 15', that of the exterior 3° 40', their di^unco 8® 25', 
the greatest semidiameter of the interior botTO2° 17', and 
the least of the exterior 50° 4'/, when their colours op- 
pctir strong and perfect. * 


12*2 

32-9 

15*5 

9-3 

0-5 

70-4 
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Tlic doctrine of the rainbow mav be illustrated and 

- 

Confirmed by experiment, in several different ways. Thus, 
by hanging up a glass globe, full of water, in the sun¬ 
shine, and viewing it in such a posture that the rays which 
come from the globe to the eye, may include an angle 
either of 42° or 50° with the sun's rays ; for ex. if the 
angle be about 4*2°, the spectator will see a full red colour 
in that side of the globe opposite to the sun. And by 
varying the position so as to make that angle gradually 
less, the other colours, yellow, green, and blue, will ap¬ 
pear successively, in the same side of the globe, and that 
very bright. But if the angle be made about 50°, suppose 
by raising the globe, there will appear a red colour in that 
side of the globe towards the sun, though somewhat faint; 
and if the angle be made greater, as by raising the globe 
still higher, this red will change successively to the other 
colours, yellow, green, and blue. And the same changes 
are observed by raising or depressing the eye, while the 
globe is at rest. Newton's Optics, pt. 2, prop, 9, prob. 4. 

Again, a similar bow is often observed among the waves 
of the sea (called the marine rainbow), the upper parts 
of the waves being blown about by the wind, and so fall¬ 
ing in drops. This appearance is also seen by moon¬ 
light (called the 1 unar rainbow), though seldom vivid 
enough to render the colours distinguishable. Also it is 
sometimes seen on the ground, when the sun shines on a 
very thick dew. Cascades and fountains too, whose 
waters are in their fall divided into drops, exhibit rain¬ 
bows to a spectator, if properly situated during the time 
of the sun's shining; and even water blown violently out 
of the mouth of an observer, standing with his back to 
the sun, never fails to produce the same phenomenon. 

The artificial rainbow may even be produced by candle¬ 
light on the water which is ejected by a small fountain or 
jet d'eau. All these arc of the same nature, and they 
depend on the same causes; some account of which is as 
follows. 


J 



let tb represent a ray falling perpendicularly at u, and 
which consequently cither passes through without refrac¬ 
tion, or is rcnecterl directly back from /j : suppose an¬ 
other ray ik, incident at K, at a distance from d ; then 
this will be refracted according to n certain ratio of the 
sines of incidence and refraction to each other, which in 
rain water is as 529 to 396, to a point L r whence it will 
be in part transmitted in the direction lz and in part re¬ 
flected to M, where it will again in part bfc reflected, and 
in part transmitted in 2bc direction mp, being inclined to 
the lino described by the incident ray in the angle iop* 
Another ray an, stilI farther from b, and consequently 
incident under a .greater angle, will be refracted to a 

Vo h. II. 


point f, still farther from q, whence it will be in part re¬ 
flected to o, from which place it will in part emerge, 
forming an angle axii with the incident an, greater than 
that which was formed between the ray mp and its inci¬ 
dent ray. And thus, while the angle of incidence, or 
distance of the point of incidence from b, increases, the 
distance between the point of reflection and 0 , and the 
angle formed between the incident and emergent reflected 
rays, will ulso increase ; that is, as far as it depends on the 
distance from b : but as the refraction of the rav tends to 
carry the point of reflection towards q, and to" diminish 
the angle formed between the incident and emergent re¬ 
flected ray, and that the more the greater the distance of 
the point of incidence from b, there will be a certain point 
of incidence between b and w, with which the greatest 
possible distance between the point of reflection and g, 
and the greatest possible angle between the incident and 
emergent reflected ray, will correspond. So that a ray 
incident nearer to b shall, at its emergence after reflection, 
form a less angle with the incident, by reason of its more 
direct reflection from a point nearer to q ; and a ray in¬ 
cident nearer to w, shall at its emergence form a less angle 
with the incident, by reason of the greater quantity of the 
angles of refraction at its incidence and emergence. The 
rays which fall for a considerable space in the vicinity of 
that point of incidence with which the greatest angle of 
emergence corresponds, will, after emerging, form an angle 
with the incident rays differing insensibly from that greatest 
angle, and consequently will proceed nearly parallel to 
each other; and those rays which fall at a distance from 
that point will emerge at various angles, and consequently 
will diverge. Now, to a spectator, whose back i* turned 
towards the radiant body, and \vhose eye is at a considera¬ 
ble distance from the globe or drop, the divergent light 
will be scarcely, if at all, perceptible; but if the globe 
be so situated, that those rays that emerge parallel to each 
other, or at the greatest possible angle with the incident, 
inay arrive at the eye of the spectator, he will, by means 
of those rays, behold it neurly with the same splendour at 
any distance. 

In like manner, those rays which fall parallel on & 
globe, and arc emitted after two reflections, suppose at 
the points f and g, will emerge at 11 parallel to each 
other, when the angle they make with the incident an is 
the least possible ; ami the globe must be seen very re¬ 
splendent when its position is such, that those parallel 
rays fall on the eye of the spectator. 

The quantities of these angles are determined by calcu- 
lation, the proportion of the sines of incidence and re¬ 
fraction to each other being known. And this proportion 
being different in rays which produce different colours, 
theangles must vary in each. Thus it is found, that the 
greatest angle in rain water for the least refrangible, or red 
rays, emitted parallel after one reflection, is 42° 2\ and 
for the most refrangible or violet rays, emitted parallel 
after one reflection, 40° 17'; likewise, after two reflections, 
the least refrangible, or red rays, will be emitted neatly 
parallel under an angle of 50° 57 r $ and the most refran¬ 
gible, or violet, under an angle of 54° 7 1 i and theTnter- 
mediate colours will be emitted nearly parallel at interme¬ 
diate angles. 

Suppose now, that o is the spectator's eye, and op a ' 
line drawn parallel to the sun’s rays, se, sf, so, and sii 5 
and let poe, pop, pog, poii be angles of 40° 17 1 , 42° 2', 
50° 57\ and 54° 7 } respectively; then these angles turned 
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about tlicir common bide or, will with their other sides 
OE, OF, OG, on, describe the verges of the two rainbows, 



exterior and fainter by two ; for the light become* fainter, 
by every reflection ; and their colours will lie in a con¬ 
trary order to each other, the red of both bows bordering 
upon the space of, which is between the bows. The 
breadth of the interior bow, eof, measured across the 
colours, will be 1° 15', and the breadth of the exterior 
oon, will be 3° 10', also the distance between them gof, 
will be 8° 55', the greatest semidiametcr of the inner¬ 
most, that is, the angle pof, being 42° 2', and the least 
semidiameter of the outermost pug being 50° 57'. These 
are the measures of the bows as they would be, were the 
sun hut a point; but by the breadth of his disc, the 
breadth of the bows will be increased by half a degree, 
and their distance diminished by as much ; so that the 
breadth of the inner bow will be 2° 15', that of the outer 
3° 40', their distance 8° 25'; the greatest semidiameter 
of the interior bow 42° 17', and the least of the exterior 


as in the figure. For, if E, F, G, H be drops placed any 
where in the conical superficies described by ok, of, og. 
Oil, and be illuminated by the* sun’s rays sk, sf, so, sn ; 
the angle seo being equal to the angle foe, or 40° 17'* 
will be the greatest angle in which the most refrangible 
rays can, after one reflection, be refracted to the eye, and 
therefore all the drops in the line oe must send the most 
refrangible rays most copiously to the eye, and so strike 
the sense with the deepest violet colour in that region. In 
like manner, the angle sfo being equal to the angle pof, 
or 42° 2', will be the greatest in which the least refran¬ 
gible rays after one reflection can emerge out of the drops, 
and therefore those rays must come most copiously to the 
eye from the drops in the line op, and strike the sense 
with the deepest red colour in that region. And, by the 
same argument, the rays which have the intermediate 
degrees of refrangibility will come most copiously from 
drops between F. and f, and strike the senses with the in¬ 
termediate colours in the order which their degrees of 
refrangibility require; that is, in the progress from e to 
F, or from the inside of the bow to the outside, in this 
order, violet, indigo, blue, green, yellow, orange, red. llut 
the violet, by the mixture of the white light of the clouds, 
will appear faiut, and inclined to purple. 

Again, the angle sc.o being equal to the angle POG r or 
50° 57', will be the least angle in which the least refran¬ 
gible rays cun, after two reflections, emerge out of the 
drops, and therefore the least refrangible rays must come 
most copiously to the eye from the drops in the line og, 
and strike the sense with the deepest red in that region. 
And the angle skio being equal to the angle poii, or 54° 7\ 
will be the least angle in which the most refrangible ruys, 
after two reflections, can emerge out of the drops, and 
therefore those rays must come most copiously to the eye 
from the drops in the line on, and strike the sense with 
the deepest violet in that region. And, by the same argu¬ 
ment, thedrops in the regions between o and n will strike 
the sense with the intermediate colours in the order which 
their degrees of refrangibility require ; that is, in the pro¬ 
gress from o to H, or from the inside of the bow to the 
outside, in this order, red, orange, yellow, green, blue, 
indigo, and violet. And since the four lines oe, of, og, 
oil, may be situated any where in the above-mentioned 
conical superficies, what is said of the drops and colours 
in these lines, is to be understood of the drops and colours 
every where in those superficies. % 

Thus there will be made two bows of colours, an in¬ 
terior and stronger, by one reflection in the drops, and an 


50° 42'. And such are the dimensions of the bows in 
the heavens found to be, very nearly, when their colours 
appear strofig and perfect. 

The light which comes through drops of rain by two 
refractions without any reflection, ought to appear strong¬ 
est at the distance of about 26 degrees from the sun, and 
to decay gradually both ways as the distance from the 
sun increases and decreases. And the same is to be un¬ 
derstood of light transmitted through spherical hail¬ 
stones. If the hail be a little flatted, as it often is, the 
light transmitted may grow so strong at a little less dis¬ 
tance than that of 26 , sis to form a halo about the sun 
and moon ; which halo, when the stones arc duly figured, 
may be coloured, and lhen.it must be red within, by the 
least refrangible rays, and blue without, by the most re¬ 
frangible ones. 

The light which passes through a drop of rain after two 
refractions, and three or more reflections, is scarce strong 
enough to cause a sensible bow. 

As to the dimension of the rainbow, Descartes first de¬ 
termined its diameter by a tentative and indirect method ; 
laying it down, that the magnitude of the bow depends 
on the degree of refraction of the fluid ; and assuming the 
ratio of the sine of incidence to that of refraction, to be 
in wutepas 250 to 187. But Dr. Halley, in the Philos. 
Trans, number 267, gave a simple direct method of de¬ 
termining the diameter of the rainbow from the ratio, of 
the refraction of the fluid being given ; or, vice versa, the # 
diameter of the rainbow being given, to determine the re¬ 
fractive power of the fluid. And Dr.. Haley's principles 
and construction were further explained by Dr. Morgan, 
master of Clare Hall, Cambridge, in bis Dissertation on 
the Rainbow, among the notes upon RobauIt's System of 
Philosophy, part 3, chap. 17- 

From the. theory of the rainbow, all the particular phe¬ 
nomena of it are easily deducible. Hence wc see, 1st, 
Why the iris is always of the same breadth ; because th&g| 
intermediate degrees of refrangibility of the rays betweei^^ 
red and violet, which arc its extreme colours, are always 
the same. 

2 dly, Why the bow shifts its situation as the eye does; 
and, according to the popular phrase, flies from those who 
follow it, and follows those that fly froni it; the coloured 
drops being disposed Under a certain angle, about the 
axis of vision, which is different in different places t 
whence also it follous, that every different s^ctator secs 
a different bow. 



RAM [ 283 ] R A M 


circle, sometimes a less: its magnitude depending on the 
greater or less part of the surface of the cone, above the 
surface of the earth, at the time of its appearance; and 
the higher the sun is, the less will be the rainbow. 

4thly, Why the bow never appears when the sun is above 
a certain altitude ; the surface of the cone, in which it 
should be seen, being lost in the ground at a little dis¬ 
tance from the eye, when the sun is above 42° high. 

5thly, Why the bow never appears greater than a semi¬ 
circle, on a plane; since, be the sun never so low, and 
even in the horizon, the centre of the bow is still in the 
line of aspect ; which in this case runs along the earth, 
and is not at all raised above the surface. Indeed if the 
spectator be placed on a very considerable eminence, and 
the sun in the horizon, the iinc of aspect, in which the 
centre of the how is, will be considerably raised above the 
horizon. And if the eminence be very high, and the ruin 
near, it is possible the bow may be an entire circle. 

6thly. How the bow may chance to appear inverted, 
or the concave side turned upwards; viz, a cloud hap¬ 
pening to intercept the rays, and prevent their shining 
on the upper part of the arch : in which case, only the 
lower part appearing, the bow will seem as if turned up¬ 
side down ; which has probably been the case in several 
prodigies of this kind, related by authors. 

Lunar Rainbow. The moon sometimes also exhibits 
the phenomenon of an iris, by the refraction of her rays 
in the drops of rain in the night-time. Aristotle says, he 
was the first that ever observed it; and adds, it is never 
seen but at the time of the full moon ; her light at other 
times being too faint to affect the sight after two refrac¬ 
tions and one reflection. The lunar iris has all the colours 
of the solar, very distinct and pleasant ; only fainter, both 
from the different intensity of the rays, and the different 
disposition of the medium. 

Marine Rainbow, 'ibis is a phenomenon sometimes 
observed in a much agitated sea ; when the wind, sweeping 
part of the tops of the waves, carries them up ; so that the 
sun'6 rays, falling upon them, are refracted, Ac, as in a 
common shower, and there paint the colours of the bow. 
These bows are less distinguishable and bright than the 
common bow: but then they exceed as to numbers, there 
being sometimes 20 or 30 seen together. They appear at 
nooh day, and in a position opposite to that of the com¬ 
mon bow, the concave side being turned upwards, as in¬ 
deed it ought to be. 

RAIN-Gaoe, an instrument for measuring the quan¬ 
tity of rain that falls. It is the same as Ombrometer, 
or Peuviameter ; which see. 

RAKED table, or Raking T'able, in Architecture, a 
member hollowed in the square of a pedestal. 

RAM, in Astronomy. See Aries, 

Ram, Battering. See Battering Ram. 

It a ms-Horns, in Fortification, a name given by Belidor 
to the tcnaillcs. 

RAMPART, or Raupieu, in Fortification, a massy 
bank or elevation of earth around a place, to cover it from 
the direct fire of an enemy, and of sufficient thickness ;o 
resist the efforts -of their cannon for many days. It is 
formed into bastions, curtains, Ac. 

Upon the rampart the soldiers continually keep guard, 
and the pieces of artillery are planted for defence. Also, 
to shelter the men from the enemy's shot, the outside of 
the rampart is built higher than the rest, i. e. a parapet is 
raised upon it with a platform. It is encompassed with a 


moat or ditch, out of which is dug the earth that forms 
the rampart, which is raised sloping, that the earth may 
not slip down, and having a berme at bottom, or is other¬ 
wise fortified, being lined with a facing of brick or stone. 

The height of the rampart need not be more than 3 fa¬ 
thoms, this being sufficient to cover the houses from the 
battery of the cannon ; neither need its thickness be more, 
than 10 or 1*2, unless more earth come out of the ditch 
than can otherwise he bestowed.— The ramparts of half- 
moons arc the better for being low, that the small fire of 
the defendants may the better reach the bottom of the 
ditch ; yet they must be so high as not to be commanded 
by the covert-way. 

Rampart is also used, in civil architecture, for the void 
space left between the wall of a city and the houses. This 
is what the Romans called Pomccrium, where it was for¬ 
bidden to build, and where they planted rows of trees for 
the people to walk and amuse themselves under. 

RAMSDLN (Jesse), f. r.s. an excellent optician and 
mechanist, was born at Halifax in Yorkshire, 1730 ; and 
died at Brightlielmstone, Nov. 5, 1S00. He served his 
apprenticeship in his native place, to the trade of a hot- 
presscr ; after which, about 1731, he came to London, and 
applied himself to engraving. In the course of this em¬ 
ployment, mathematical instruments were often brought 
to him to be engraved, which induced him to try his ge¬ 
nius in that way; and with such success, that by the year 
1763 he made instruments for several of the best artists. 
Soon after his coming up to London, he married the 
daughter of Mr. Dollond, the celebrated optician in St. 
Paul’s Church-yard; by which means he was introduced 
to the knowledge of a profession in which his genius ena¬ 
bled him to excel, and attract the approbation of the pub¬ 
lic, in the same manner as his private worth endeared him 
to society. In 1763 he opened a shop in the Haymarkct; 
but in 1775 lie removed to Piccadilly, where he carried on 
business till his death. 

Mr. R. greatly improved Hadley’s quadrant, or sex¬ 
tant; and he invented a curious machine for dividing ma¬ 
thematical instruments ; for which discovery he received 
a premium from the board of longitude. He also improved 
the construction of the theodolite, ns well as the barome¬ 
ter for measuring the heights of mountains. The pyrome¬ 
ter for measuring the dilatation of bodies by heut, also 
employed his talents ; and he made many important dis¬ 
coveries and improvements in optics. But his astrono¬ 
mical instruments appear to have been the principal of his 
works. He improved the refracting micrometer, as also 
the transit instrument and quadrant. He procured a pa¬ 
tent for nn improved equatorial. Ilis mural quadrants 
were excellent, and much sought for.—Mr. Ramsden was. 
chosen a fellow of the Royal Society in 17S6\ — Being al¬ 
ways of a slender frame of body, as well as of delicate con¬ 
stitution, in his latter years his health gradually declined ; 
to recruit which, he had retired to Brighthclmstone, where 
he died os before observed. 

RAMUS (Peter), a celebrated French mathematician 
and philosopher, was born in 1515, in n village of Vernian- 
dois in Picardy. He was descended of a respectable family, 
which had been reduced to extreme poverty by the wars 
and other misfortunes. His own life too, says Bayle, was 
the sport of fortune. In his infancy lie was twice attacked 
by the plague. At an early age, a thirst for learning 
urged him to go to Paris ; but he was soon forced by po¬ 
verty to leave that city. lie returned to it again us soon 
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as he could ; but, being unable to support himself, he left 
it a second time; yet his passion for study was so violent, 
that notwithstanding his bad success in the two former 
visits, he ventured on a third. He was maintained there 
some months by one of his uncles; after which he was 
obliged to become a servant in the college of Navarre. 
Here he spent the day in waiting on his masters, and the 
greatest part of the night in study. 

After having finished classical learning and rhetoric, he 
went through a course of philosophy, which took him up 
three years and a halt in the schools ; but the thesis, which 
lie made for his mastcr-of-arts degrees, offended every one ; 
for he maintained in it, that all that Aristotle had ad¬ 
vanced was false; and he gave very good answers to the 
objections of the professors. This success encouraged him 
to examine the doctrine of Aristotle more closely, and to 
combat it vigorously : but lie confined himself chiefly to 
his logic. The two first books he published, the one en¬ 
titled, Institutioncs Dialectics, the other Aristotelic* 
Animadversioncs, occasioned great disturbances in the 
university of Paris. The professors there, who were 
adorers of Aristotle, ought to have refuted Ramus’s books, 
if they could, by writings and lectures : but instead ot 
confining themselves within the just bounds of academical 
wars, they prosecuted this anti-peripatetic before the civil 
magistrate, as a man who was going to sap the foundations 
of religion. They raised such clamours, that the cause 
was carried before the parliament ot Paris: but, perceiving 
that it would be examined equably, his enemies by their 
intrigues took it from that tribunal, to bring it before the 
king’s council, in 1543. The king ordered, that Ramus 
and 3 Anthony Govca, who was his principal adversary, 
should choose two judges each, to pronounce on the con¬ 
troversy, ufter they should have ended their disputation: 
while he himself appointed a deputy. Ramus appeared 
before the five judges, though three of them were his de¬ 
clared enemies. The dispute lasted two days, and Govea 
had all the advantages he could desire; Ramus s books 
being prohibited in ail parts ol' the kingdom,ami their au¬ 
thor sentenced not to teach philosophy any longer; upon 
which his enemies triumphed in the most indecent manner. 

The year ufter, the plague made great havoc in Paris, 
and forced most of the students in the college of l’resle to 
quit it; but Ramus, being prevailed on to teach in it, soon 
drew together a great number of auditors. '1 he Sorbonnc 
attempted in vain to drive him from that college; for he 
held the headship of that house by arret of pnrliument : 
and through the putronage and protection of the cardinal 
of Lorrain, he obtained from Henry the 2d, in 1547, the 
liberty of speaking and writing, ami the regal professorship 
of philosophy and eloquence in 1551. The parliament of 
Paris had, before tlifs, maintained him in the liberty of 
joining philosophical lectures to those of eloquence ; and 
this arret or decree hud put an end to several prosecutions, 
which Ramus and his pupils had suffered. As soon as lie 
was made regius professor, he was fired with a new zeal 


so far, that a minister, who had a good living, was'very 
ill treated by them ; and caused to be ejected from h» 
benefice for having pronounced quisquia, quanquam, ac¬ 
cording to the new way, instead of kiskis, kunkam, accord¬ 
ing to "the old. The minister applied to the parliament; 
aifd the royal professors, with Ramus among them, fearing 
he would fall a victim to the credit and authority of the 
faculty of divines, for presuming to pronounce the Latin 
tongue according to their regulations, thought it incum¬ 
bent on them to assist him. They accordingly went to the 
court of justice, and represented in such strong terms the 
indignity of the prosecution, that the minister was cleared, 
and°cvery person had the liberty of pronouncing as he 

Parous was bred up in the'Catholic religion, but after¬ 
wards deserted it. He first began to discover his new 
principles by removing the images Irom the chapel of his 
college of Prcsle, in 1552.. On this account such a per¬ 
secution was raised against him by the rpligiontsts, as well 
as Aristotelians, that he was driven out ot his proicssor- 
ship, and obliged to conceal himself. Lor that purpose, 
with the king’s leave he went to l ontainbleau ; where, by 
the help of books in the king’s library, he prosecuted geo¬ 
metrical and astronomical studies. As soon as his enemies 
found out his retreat, they renewed their persecutions; 
and he was forced to conceal himsclt in several other 
places. In the mean time, his curious and excellent col¬ 
lection of books in the college of l’rcslc was plundered : 
but after a peace was concluded in 15()3, between Charles 
the Oth and the Protestants, lie again took possession of 
his employment, maintained himself in it with vigour, and 
was particularly zealous in promoting the study ot the 

mathematics. .... . , ,_ 

This continued till the second civil war in 1507, when 
he was forced to leave Paris, and shelter himself among 
the Hugonots, in whose army he was at the battle ol bt. 
Denys. Peace having been concluded some months alter, 
he was restored to his professorship ; but, foreseeing that 
the war would soon break out again, he did not care to 
venture himself in a fresh storm, and therefore ubla.ncd the 
king’s leave to visit the universities of Germany, lie ac¬ 
cordingly undertook this journey in 15G'8, and received 
great honours wherever he came. lie returned to France, 
after the third war in 1571 ; and lost his life m«critWy, 
in the massacre of St. Bartholomew’s day, 15/ 2, at a/ 
years of age. It is said, that lie was conceded m a gra¬ 
nary during the tumult; but discovered and draped out 
by some peripatetic doctors who hated him ; who, after 
stripping him of all his money under pretence of preserving 
his life, gave him up to the assassins, who, after cutting his 
throat and giving him many wounds, threw linn out of the 
window; and his bowels gushing out m the fall, »otWf 
Aristotelian scholars, encouraged by their makers, 
spread them about the streets ; then dragged his bpdy in 
a most ignominious manner, and threw it into the river. 
Ramus was a great orator, a man of universal earning, 
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his enemies, who were never at rest. 

Ramus bore at that time a part in a very singular affair. 
About the year 1550, the royal professors corrected, 
among other abuses, that which had crept into the pro¬ 
nunciation of the Latin tongue. Some of the clergy fol¬ 
lowed this regulation; but the Sorbonnists were much 
offended at it as an innovation, and defended the old pro¬ 
nunciation with great zeal. Things at length were carried 
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perate, and chaste. He ate but little, and thatofbfjed 
meat; and drank no wine till the laltur part of his R, 
when it was prescribed by the physicians. He lay upon 
straw; rose early, and studied hard all day; and led a 
sinule life with the utmost purity. He was zealous for the 
protestant religion, but at the same time a little obstinate, 
and given to contradiction. The protestant winis ers i 
not love hint .much, for lie made lumsclf a km o 
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of a party, to change the discipline of the protestant 
churches : his design was to introduce a democratical go¬ 
vernment in the church, but this design was traversed, and 
defeated in a national synod. Hissect flourished however 
for some time afterwards, spreading pretty much in Scot¬ 
land and England, and still more in Germany. 

He published a great many books; but-mathematics 
was chiefly obliged to him. Of this kind, his writings 
>vere principally these following: 

1. Scholarum Matliematicarum libri 31. 

2. Arithmetics libri duo.—Algebra libri duo.—Geo- 
metiioi' libri 2?. 

These were greatly enlarged and explained by Schoncr, 
and published in 2 volumes A 4to. There were several edi¬ 
tions of them ; mine is that of 1627, at Frankfort.—The 
geometry, which i*> chiefly practical, was translated into 
English by William Dcdwcll, and published in 4to, at 
London, 1636 . 

3. He published also a singular book on geometry, 
being the 15 books of Euclid ; containing only the defini¬ 
tions, and general enunciations of the propositions, without 
diagrams or demonstrations. In a kind of preface, he says 
he thinks it better for the teacher to suppress these. Paris, 
1558, 4to, fol. 44. 

RAN DOM-Shot, is a shot discharged with “flic axis of 
the gun elevated above the horizontal or * point-blank di¬ 
rection. 

Kan do 31 , of a shot, also sometimes means the range of 
it, or the distance to which it goes at the first graze, or 
where it strikes the ground. See Range. 

RANGE, in Gunnery, sometimes means the path a shot 
flies in. But more usually 

Range means the distance to which the shot flics when 
it strikes the ground or other object, called also the ampli¬ 
tude of the shot. But range is the term in present use. 

Were it not for the resistance of the air, the greatest 
range, on a horizontal plane, would be when the shot is 
discharged at an angle of 45° above the horizon ; and all 
other ranges would be the less, the more the angle of ele¬ 
vation is above of below 45° ; but so as that at equal di¬ 
stances above and below 45°, the two ranges are cquul to 
each other. But, on account of the resistance of the air, 
the ranges arc altered, and that in different proportions, 
both for the different sizes of the shot, and their different 
velocities: so that the greatest range, in practice, always 
lies below the elevation of 45°, and the more below it as 
'the shot is smaller, and as its velocity is greater ; thus 
the smallest balls, discharged with the greatest velocity in 
practice, range the farthest with an elevation of 30° or 
under, while the largest shot, with very small velocities, 
range farthest with nearly 45° elevation ; and at all the in¬ 
termediate degrees in the other cases. Sec Projectiles. 

RARE, in Physics, is the quality of a body that is very 
porous, whose parts arc at a great distance from one ano¬ 
ther, and which contains but little matter under a great 
magnitude. In which sense rare stands opposed to dense. 

The corpuscular philosophers, viz, the Epicureans, Gas- 
sendists, Newtonians, &c, assert that some bodies are rarer 
than othersT in virtue of a greater quantity of pores, or of 
vacuity lying between their parts or particles. The Car¬ 
tesians hold, that a greater rarity only consists in a greater 
quantity of materia subtilis contained in the pores. And 
lastly, the Peripatetics contend, that rarity is a new qua¬ 
lity superinduced on a body, without any dependence on 
cither vacuity or subtile matter^ 


RAREFACTION, in Physics, the rendering a body 
rarer, that is bringing it to expand or occupy more room 
or space, without the accession of new matter : being thus 
opposed to condensation. 'I he more accurate writers re¬ 
strict the term rarefaction to that kind ofexpansion which 
is effected by means of heat: and the expansion from other 
causes they term Dilatation ; if indeed there be other 
causes; for though some philosophers have attributed it 
to the action of a repulsive principle in the matter itself; 
yet from the many discoveries concerning the nature and 
properties of the electric fluid and fire, there is great rea¬ 
son to believe that this repulsive principle is no other than 
elementary fire. 

The Cartesians deny any such thing as absolute rare¬ 
faction : extension, according to them, constituting the 
essence of matter, being obliged to hold all extension 
equally full. Hence they make rarefaction to be no other 
than an accession of fresh, subtile, and insensible matter, 
which, entering the parts of bodies,sensibly distends them. 

It is by rarefaction that gunpowder has its effect ; and to 
the same principle also uc owe eolipilcs, thermometers, 
&c. As to the air, the degree to which it is rarcfiablc ex¬ 
ceeds all imagination, experience having shown it to be far 
above 10,000 times more than the usual state of the at¬ 
mosphere; and ns it is found to be above 1500 limes 
denser in gunpowder than the atmosphere, it follows that 
experience has found it differ by about 15 millions of times. 
Perhaps indeed its degree of expansion is absolutely be¬ 
yond all limits. 

Such immense rarefaction, Newton observes, is incon¬ 
ceivable on any other principle than that of a repelling 
force inherent in the air, by which its particles mutually 
fly from one another. This repelling force, he observes, 
is much more considerable in air than in other bodies, ns 
being generated from the most fixed bodies, and that with 
much difficulty, and scarcely without fermentation ; those 
particles being always found to fly from each other with 
the greatest force, which, when in contact, cohere the 
most firmly together. See Air. , 

On the rarefaction of the air is founded the useful me¬ 
thod of measuring altitudes by the barometer, in all the 
cases of which, the rarity of the air is found to he inversely 
as the force that compresses it, or inversely as the weight 
of all the air above it at any place. 

RARITY', thinness, subtlety; the contrary to density. 

HATCH, or Rash, in Clock-Work, a kind of wheel 
having 12 fangs, which serve to lift up the detents every 
hour, to make the clock strike. 

RATCHETS, in a Watch, arc the small teeth at tho 
bottom of the fusee, or barrel, that stop it in winding up. 

RATIO, according to Euclid, is the habitude or rela¬ 
tion of two magnitudes of the same kind in respect of 
quantity. So the ratio of 2 to I is double, that of 3 to l 
triple, &c. Several mathematicians have found fault with 
Euclid’s definition of a ratio, and others have as much de¬ 
fended it, especially Dr. Barrow, in his Mathematical 
Lectures, with great skill and learning. 

Ratio is sometimes confounded with proportion, but 
very improperly, ns being quite different things; for pro¬ 
portion is the similitude or equality or identity of two ra¬ 
tios. So the ratio of 6 to 2 is the same as that of 3 to 1, 
and the ratio of 15 to 5 is that of 3 to 1 also; and there¬ 
fore the ratio of 6 to 2 is similar or equal or the same with 
that of 15 to '5, which coristitutes proportion, being thus 
expressed, 6 is to 2 as 15 to 5, or thus 6 : 2 : : 15 : 5* 
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which means the same thing. So that ratio exists be¬ 
tween two terms, but proportion between two ratios or four 
terms. 

The two quantities that are compared, are called the 
Terms of the ratio, as 6 and 2; the first of these 6 being 
called the Antecedent, and the latter 2 the Consequent. 
Also ihe Index or Exponent of the ratio, is the quotient 
of the two terms: so the index of the ratio ol 6 to 2 is T 
or 3, and which is therefore called a Triple ratio. 

Wolfius divides ratios into Rational and Irrational. 

Rational Ratio is that which can be expressed between 
two rational numbers ; as the'ratio of 6 to 2, or ot 6^/3 
to 2^/3, 3 to I. And 

Irrational Ratio is that which cannot be expressed by 
that ol one rational number to another; as the ratio ot 
*/6 to s /2, or of v '/3 to root v/L that is </3 to 1, which 
cannot be expressed in rational numbers. 

When the two terms of a ratio arc equal, the ratio is 
said to be that of Equality ; as of 3 to 3, whose index is 
1, denoting the single or equal ratio. But when the terms 
arc not equal, as of f) to 2, it is a Ratio ol Inequality. 

Further, when the antecedent is the greater term, as in 
6 to 2, it is said to he the Ratio of Greater Inequality : 
but when tlie antecedent is the less term, as in the ratio 
of 2 to 6, it is said to be the Ratio of Less Inequality. In 
the former case, if the less term be an aliquot part of the 
greater, the ratio of greater inequality is said to be Multi¬ 
plex or Multiple ; and the ratio of the less inequality, 
Sub-multiple. Particularly, in the first case, if the expo¬ 
nent of the ratio be 2, as in 6 to 3, the ratio is called 
Duple or Double; if 3, as in 6 to 2, it is Triple ; and so on. 
In the second case, if the ratio be as in 3 to 6, the ratio 
is called Subduple; if j, as in 2 to 6, it is Subtriplc; and 
so on. 

If the greater term contain the less once, and one ali¬ 
quot part of the same over ; the ratio of the greater in¬ 
equality is called Superparticular, and the ratio of the less 
Subsuperparticular. Particularly, in the first case, iI the 
exponent be { or 1{, it is called Sesquialteratc ; ifforl-f, 
Scsquitcrtial ; &c. In the other case, if the exponent be 

the ratio is called Subsesquiultcratc; it it is 6ubses- 
quitertial. 

When the greater term contains the less once and seve¬ 
ral aliquot parts over, the ratio of the greater inequality is 
called Superpartiens, and that of the less inequality is 
Subsupcrpurticns. Particularly, in the former case, if the 
exponent be ^or 1$, the ratio is called Supcrbipartiens tcr- 
tiiis ; if the exponent be {or ISupcrtriparticns quartas ; 
if A / or l£, Superquadripnrtiens septimos; See. In the 
latter case, if llie exponent he the reciprocals of the for¬ 
mer, or j, the ratio is called Subsupcrbipartions tertias; 
if Subsupertriparticns quartas; if T 7 T > Subsupcrquadri- 
partieus septinms; &c. 

When the 'greater term contains the less several times, 
and some one part over ; the ratio of the greater inequa¬ 
lity is culled iVlultiplex-superparticnlar; and the ratio of 
the less inequality is called Submultiplex subsuperparti¬ 
cular. Particularly, in the former case, if the exponent 
be {.or 2$, the ratio is called Dupla sesquialtera; if y 
or 3$, Tripla sesquiquarta, &c. In the latter case/if the 
■exponent be the ratio is called Subdupla subsesquial- 
tera ; if Subtriplasubsesquiquarta, &c. Lastly, when 
the greater term contains the less several times, and several 
aliquot parts over; the ratio of the greater inequality is 
called Multiplex superpartiens; that of the less inequa¬ 


lity, Submultiplex subsuperpartiens. Particularly, in the 
former case, if the exponent be { or 2}, the ratio is called 
Dupla supcrbipartiens tertias; if or 3£, Tripla super- 
biquadripartiens septimas, &c. In the latter case, if the 
exponent be £, the ratio is called Subdupla subsuperbi- 
partiens tertias ; if Jj, Subtripla subsuperquadripartiens 
septimas; &c. 

These arc the various denominations of rational ratios, 
names which arc very necessary to the reading of the an¬ 
cient authors ; though they occur but rarely among the 
modern writers, who use instead of them the smallest nu¬ 
meral terms of the ratios ; such as 2 to 1 for duple, and 3 
to 2 for sesquialteratc, &c. 

Compound Ratio, is that which is made up of two or 
more other ratios, viz, by multiplying the exponents toge¬ 
ther, and so producing the compound ratio of the pro¬ 
duct of all the antecedents to the product of all the con¬ 
sequents. Thus the compound ratio of 5 to 3, 

and 7 to 4, 
is -the ratio of - — - — 35 to 12. 
Particularly, if a ratio be compounded of two equal ra¬ 
tios, it is called the Duplicate ratio ; if of three equal ra¬ 
tios, the Triplicate ratio ; if of four equal ratios, the Qua¬ 
druplicate ratio ; and so on, according to the powers of 
the exponents, for all Multiplicate ratios. So the several 
multiplicate ratios of 

the simple ratio of - - 3 to 2, arc thus, viz, 

the duplicate ratio - - 9:4, 

the triplicate ratio - - 27 : 3, 
the quadruplicate ratio 81 : 1(5, &c. 

Properties of Ratios. Some of the more remarkable 
properties of ratios are as follow:. 

1. The like multiples, or the like parts, of the terms of 
a ratio, have the same ratio as the terms themselves. So 

a : b y and na : nb , and ~ ~ are the same ratio. 

2. If to, or from, the terms of any ratio, be added or 
subtracted either their like parts, or their like multiples, 
the sums or remainders will still have the same ratio. So 

a : by and a ± na : b ± nb , and a ± - : b ± - are all 

the same ratio. 

3. When there arc several quantities in the same con¬ 

tinued ratio, a, b 9 c, rf, e 9 &c; whatever ratio the first has 
to the 2d, ' • 

the 1st to the 3d has the duplicate of that ratio, 
the 1st to the 4th has the triplicate of that ratio, 
the 1st to the 5th has the quadruplicate of it, - 
and so on. Thus, the terms of the continued ratio being 
1, r, r% r3, r\ r s , &c, where each term has to the follow¬ 
ing one the ratio ol 1 to r, the ratio of the 1st to the 2d ; 
then 1 : r a is the duplicate, 1 : r 3 the triplicate, I : r 4 the 
quadruplicate, and so on, according to the powers of 1 : iv 
For other properties sec Proportion. 

To approximate to a Ratio in smaller Terms .—Dr.BVal- 
lis, in a small tract-at the end of Horrox's works, treats 
of the nature and solution of this problem* but in a very 
tedious way ; and he has prosecuted the same to a great 
length in his Algebra, chap. 10 and 11, where he particu¬ 
larly applies it to the ratio of the diameter of a circle to 
its circumference. Mr. Huygens too has given a solution, 
with the reasons of it, in a much shorter and more natu¬ 
ral way, in his Dcscrip. Autom. Planet. Opera Reliqua, 
voj. 1, pa. 174. The same has also Mr. Coles, at the be- 
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ginning of his Harmon. Mcnsurarum. And several other 
persons have done the same thing, by the same or similar 
methods. 

1 he problem is very useful, forexpressing a ratio in 
small numbers, that shall be near enough in practice, to 
any given ratio in large numbers, such as that of the dia¬ 
meter of a circle to its circumference. The principle of 
all these methods, consists in reducing the terms of the 
proposed ratio into a series of what arc called continued 
fractions, by dividing the greater term by the less, and the 
less by the remainder, and so on, always the last divisor 
by the last remainder, after the manner of finding the 
greatest common measure of the two terms ; then con¬ 
necting all the quotients &c together in a series of con¬ 
tinued fractions; and lastly collecting gradually these 
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where the successive continual approximating values 

of the proposed ratio are 22?, 22?, & C ; the 2d 


■>■2 


of these, viz, - 


and the 4th, viz, ^2? 

* ’ i u’ 


100 iu 

being the approximation of Archimedes; 
is that of Metius, which is 


fractions together one after another. So if - be any 

fraction, or the exponent of any ratio; then dividing thus, 
a) b (c 


d) 


a (g 

f) d 




h) f (f 
*) h (f 
&cc, 

gives c, e, g, i, &c, for the several quotients, and these, 

formed in the usual way, give the approximate value of 

the given ratio in a scries of continued fractions; thus, 
b 1 * • 

— = c -H — + 1 

' T + ± 

I -f- 

Then collecting the terms of this seri*, one after another, 
so many values of ± arc obtained, always nearer and 
nearer; the first value being c or —, the next 
c + 11+ 1 — ± 1 
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these value, general ru, ° : Having found any two of same ratio that the third lias to the fourth.” 
tnese values, multiply the terms of iim uttor u.. << o ir.u- c e _ * 


= ~ ; &c. 


very 

near the truth, being equal to 3*1415920 

the more accurate ratio being - . 3-14159/7' 

The Doctrine of Ratios and Proportions, as delivered "by 
Euclid, in the fifth book of Ins Elements, is considered 
by most persons as very obscure and objectionable, parti¬ 
cularly the definition of proportionality ; and several in¬ 
genious men have endeavoured to elucidate that subject. 
Among these, ihcllev. Hr. Abram Robertson, of Oxford, 
proles, of As iron, printed a neat little paper therein 1789 
lor the use of his classes, being a de monstration of that 
definition, in 7 propositions, the substance of which is as 
follows. He first premises this advertisement : 

As demonstrations depending upon proportionality 
pervade every branch of mathematical science, it is a 
matter of the highest importance to establish it upon clear 
and indisputable principles. Most mathematicians, both 
ancient und modern, have been of opinion that Euclid has 
fallen short of his usual perspicuity in this particular. 
Some have questioned the truth of the definition upon 
which he has founded it, and almost all who have admitted 
its truth and validity have objected to it, as a definition. 
1 he author of the following propositions ranks himself 
amongst objectors of the last-mentioned description. He 
thinks that Euclid must have founded the definition in 
question upon the reasoning contained in the first six de¬ 
monstrations here given, or upon a similar train of think¬ 
ing; and in his opinion a definition ought to be as simple, 
or as free from a multiplicity of conditions, as the subject 
will admit.” 

He then lays down these four definitions : 

“ 1. Ratio is the relation which one magnitude has to 
another, of the same kind, with respect to quantity.” 

“ 2. If the first of four magnitudes be exactly as great 
when compared to the second, as the 3d.is when compared 
to the fourth, the first is said to have to the second the 
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these values, mulnply the terms of the latter of them by 
the next quotient, and to the two products add the cor¬ 
responding terms of the former value, and the suras will 
be the terms of the next value, &c. 

For example, let it be required to find a scries of ratios 

ioiooo toTi^o COrma ' 111 / ^Proaching .0 the ratio of 
,00000 to 314159, or nearly the raf.o of the diameter of 

a circle to its circumference. Here first dividing, thus 

100000) 314159 (3 ss c 

d = 14159 ) 100000 ( 7 ss c 

f — 887 ) 14159 ( 15 = g 

h = 854)887 (1 = j, &c. 

&c, 

there are obtained the quotients 3, 7 , 15, J, 25, J, 7 , 4 . 
Hence 3 or-* = c, the 1st value; 


3. If the first of four magnitudes be greater, when 
compared to the second, than the third is when compared 
to the fourth, the first issaid to have to the second a greater 
ratio than the third has to the fourth.” 

“ 4. If the first of four magnitudes be less, when com¬ 
pared to the second, than the third is when compared to 
the fourth, the first is said to have to the second a less 
ratio than the third has to the fourth.” 

Dr. Robertson then delivers the propositions, which are 
the following: 

“ Prop. 1. If the first of four magnitudes have to the 
second, the same ratio which the third has to the fourth • 
then, if the first be equal to the second, the third is equal 
to the fourth; if greater, grqater ; if less, less.” 

“ Prop. 2, If the first of four magnitudes be to the se¬ 
cond as the third to the fourth, and if any equimultiples 
whatever of the first and third be taken, and also any 
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equimultiples of the second and fourth ; the multiple of 
the first will he to the multiple of the second as the mul¬ 
tiple of the tiiird to the multiple of the fourth.” 

“ Prop. 3. If the first of four magnitude's be to the se¬ 
cond as the third to the fourth, and if any like aliquot 
parts whatever he taken of the first and third, and any 
like aliquot parts whatever of the second and fourth, the 
part of the first will be to the part of the second as the part 
of the third to the part of the fourth.” 

“ Prop. 4. It the first of four magnitudes be to the se¬ 
cond as the third to the fourth, and if any equimultiples 
whatever be taken of the first and third, and any what¬ 
ever of the second and fourth ; if the multiple of the first 
he equal to the multiple of the second, the multiple of the 
third will be equal to the multiple of the fourth; if greater, 
greater ; if less, less.” 

“ Prop . 5. If the first of four magnitudes be to the se¬ 
cond as the third is to a magnitude less than the fourth, 
then it is possible to take certain equimultiples of the first 
and third, and certain equimultiples of the second and 
fourth, such, that the multiple of the first shall be greater 
than the multiple of the second, but the multiple of the 
third not greater than the multiple of the fourth.*' 

4< Prop. 6. If the first of four magnitudes be to the se¬ 
cond as the third is to a magnitude greater than the fourth, 
then certain equimultiples can be taken of the first and 
third, and certain equimultiples of the second and fourth, 
such, that the multiple ol the first shall be less than the 
multiple of the second, but the multiple of the third not 
less than the multiple of the fourth." 

“ Prop. 7. If any equimultiples whatever be taken of 
the first and third of four magnitudes, and any equimul¬ 
tiples whatever of the second and fourth ; and if when the 
multiple of the first is less than that of the second, the 
multiple of the third is also less than that of the fourth; 
or if when the multiple of the first is equal to that of the 
second, the multiple of the third is also equal to that of 
the fourth ; or if when the multiple of the first is greater 
than that of the second, the multiple of the third is also 
greater than that of the fourth : then, the first of the four 
magnitudes shall be to the second as the third to the 
fourth.” 

And all these propositions Dr. Robertson demonstrates 
by strict mathematical reasoning. 

Ratio, Section of. Sec Section qf a llatio . 
RATIONAL, in Arithmetic &c, the quality of num¬ 
bers, fractions, quantities, &c, when they can be ex¬ 
pressed by common numbers ; in contradistinction to ir¬ 
rational or surd ones, which cannot be expressed in com¬ 
mon numbers. Suppose any quantity to be 1 ; there arc 
infinite other quantities, some of which arc commensura¬ 
ble to it, either simply, or in power: these Euclid calls 
Rational quantities. The rest, that arc incommensurable 
to 1, he calls Irrational quantities, or Surds. 

Rational Horizon , or True Horizon , is that whose 
, plane is conceived to pass through the centre of the earth ; 

, and which therefore divides the globe into two equal por¬ 
tions or hemispheres. It is called the rational horizon, 
f because only conceived by the understanding; in oppo- 
. sition *° *bc sensible or apparent horizon, or that which 
is visible to the eye. 

RAVELIN, in Fortification, was anciently a flat bas¬ 
tion, placed in the middle of a curtain. But 

Ravelin, is now a detached wokJc, composed only of 
two faces, which form a salient angle usually without 


flanks; being a triangular work resembling the point of 
a bastion with the flanks cut off. It is raised before the 
curtain, on the counterscarp of the place ; and serving to 
cover it and the adjacent flanks from the direct fire of an 
enemy. It is also used to cover a bridge or a gate, and 
is always placed without the moat.—There arc also double 
ravelins, which serve to defend each other; being so called 
when they are joined by a curtain.—What the engineers 
call a ravelin, the men usually call a demilune, or hall- 
moon. 

RAY, in Geometry, the same as Radius. 

Ray, in Optics, a beam or line of light, propagated 
from a radiant point, through any medium. If the parts 
of a ray of light lie all in a straight line between the ra¬ 
diant point and the eye, the ray is said to be Direct : the 
laws and properties of which make the subject of Optics. 

— If any of them he turned out of that direction, or bent 
in their passage, the ray is said to be Retracted.—If it 
strike on the surface of any body, and be thrown oil again, 
it is said to be Reflected.—In each ease, the ray, as it falls 
either directly on the eye, or on the point of reflection, or 
of refraction, is said to be Incident. 

Again, if several rays be propagated from the radiant 
object cquidistantly from one another, they are called Pa¬ 
rallel rays. If they come inclining towards each other, 
they are called Converging rays. And if they go conti¬ 
nually receding from each other, they are called Diverg¬ 
ing rays. 

It is from the different circumstances of rays, that the 
several kinds of bodies arc distinguished in optics. A body, 
for example, that diffuses its own light, or emits rays ol 
its own, is called a Radiating or Lucid or Luminous body. 

If it only reflect rays which it receives from another, it is 
called an Illuminated body. If it only transmit rays, it 
is called a Transparent or Translucent body. If it inter¬ 
cept the rays, or refuse them passage, it is called an 
Opaque body. 

It is by means of rays reflected from the several points 
of illuminated objects to the eye, that these become visible, 
and that vision is performed ; whence such Rays are called 

Visual rays. . 

The rays of light arc not homogeneous, or similar, 
but differ in all the properties we know of; viz, refran¬ 
gibility, reflexibility, and colour, and even heat. It is 
probably from the different refiangibility that % the other 
differences have their rise; at least it appears that those 
rays which agree or differ in this, do so in nil the rest. 

It is not however to be understood that the property 
or effect culled colour, exists in the rays of light them¬ 
selves; but from the different sensations the differently 
disposed rays excite in-us, we call them lied rays, Yellow 
rays, &c. Each beam of light however, as it comes from 
the sun, seems to be compounded of all the kinds of rays 
mixed together; and it is only by splitting or separating 
the parts of it, that these different sorts become observable; 
and this is done by transmitting the beam through a glass 
prism, which refracting it in the passugc, and the parts 
that excite the different colours having different degrees of 
refrangibility, they arc thus separated from one another, 
and exhibited each apart, and appearing of the different 

colours. t .. 

Besides refrangibility, and the other properties of the 
rays of light already ascertained by observation and ex¬ 
periment, sir I. Newton suspects they may have many 
more ; particularly a power of being iuQectcd or bent by 
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the action of distant bodies; and those rays which differ in 
refrangihility, ho conceives likewise to differ in flexibility. 

These rays he suspects may be very small bodies emit¬ 
ted from shining substances. Such bodies may have all 
the conditions of light : and there is that action and re¬ 
action between transparent bodies and light, which very 
much resembles the attractive force between other bodies. 
Nothing more is required for the production of all the va¬ 
rious colours, and all the degrees of refrangibility, but 
that the rays of light he bodies of different sizes ; the least 
of which may make violet the weakest and darkest of the 
colours, and be the most easily diverted by refracting sur¬ 
faces from its rectilinear course; and the rest, as they arc 
larger and larger, may make the stronger and more lucid 
colours, blue, green, yellow, and red. See Colour, 
Light, Refraction, Reflection, Inflection, Con¬ 
verging, Diverging, &c, &c. 

Among other qualities of rays, it has been found by ex¬ 
periment, that there is a great difference in the heating 
power of solar rays. From Dr. Herscbel's experiments 
it appears, that this heating power increases from the 
middle of the spectrum to the red ray, and is greatest be¬ 
yond it, where the'rays arc invisible. Hence it is inferred 
that the rays of light and caloric nearly accompany each 
other, and the latter are in different proportions in the dif¬ 
ferent coloured rays. They are easily separated from 
each other; as when the sun's rays arc transmitted 
through a transparent body, the rays of light pass on 
seemingly undiminisbed, but the rays of caloric arc inter¬ 
cepted. When the sun's rays are directed to an opaque 
body, the rays of light are reflected, but the rays of calo¬ 
ric are absorbed and retained. This is the case with the 
moon's light, which, however much it be concentrated, is 
not accompanied with heat. It has also been shown, that 
the different rays of light produce different chemical ef¬ 
fects on the metallic salts and oxyds. These effects in¬ 
crease on the opposite direction of the spectrum, from the 
beating power of the rays.' From the middle of the spec¬ 
trum, towards the violet end, they become more power¬ 
ful, and produce the greatest effect beyond the visible rays. 
From these discoveries it appears that the solar rays are 
of three kinds: 1. Rays which produce heat; 2. Rays 
which produce colour; and 3. Rays which deprive me^ 
tallic substances of their oxygen. The first set of rays is 
in the greatest abundance, or are most powerful towards 
the red end of the spectrum, and arc least refracted. The 
2d set, or those which illuminate objects, are most power¬ 
ful in the middle of the spectrum. And the 3d set pro¬ 
duce the greatest effect towards the violet end, where the 
rays arc most refracted. The solar rays pass through 
transparent bodies, without heating them. The atmo- 
sphere, for instance, receives no increase of heat by trans¬ 
mitting the *uu’s rays, till these rays arc reflected from 
other bodies, or are communicated to it by bodies which 
have absorbed them. This is also proved by the sun's 
Tays being transmitted through convex lenses, producing a 
high degree of temperature when they arc concentrated, 
but giving no increase of heat to the glass itself. By this 
method the heat which proceeds from the sun can be 
greatly increased. Indeed, th6 intensity of heat produced 
in this way is equal to that of the hottest furnace. This 
is done, either by reflecting the sun's rays from a concave 
polished mirror, or by concentrating or collecting them, 
by the refractive power of convex lenses, and directing 
the rays, thus concentrated, on the combustible body. 

V OL. II. 
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Reflected Rays, those rays of light which are reflected, 
or thrown back again, from the surfaces of bodies upon 
which they strike. It is found that, in all the rays of 
light, the angle of reflection is equal to the angle of inci¬ 
dence. 

Refracted Rays, are those rays of light, which are Lent 
or broken, in passing out of one medium into another. 

Pencil of Rays, a number of rays emitted from a point 
of an object, and diverging in the form of a cone. 

Principal Ray,. in Perspective, is the perpendicular di¬ 
stance between the eye and the vertical plane or table, a* 
it is sometimes named. 

Ray of Curvaiure. See Radius of Cur vatu uf.. 
REAUMUR (Rene-Antoine-Fercuault, Sieur dr), 
a respectable French philosopher, was born at Rochelle in 
1683. After the usual course of school education, he was 
sent to Poitiers to study philosophy, and, in l6py, to 
Buurges to study the law, the profession for which he was 
intended. But philosophy and mathematics having vers 
early been his favourite pursuits, he quitted the law, and 
repaired to Paris in 1703, to pursue those sciences to the 
best advantage ; and here his character procured him a 
seat in the academy in the year 1?08 ; which he held till 
the time of his death, which happened the ISth of No¬ 
vember 17^7, at 74 years of age. 

Reaumur soon justified the choice that was made of 
him by the academy. He made innumerable observa¬ 
tions, and wrote a great number of pieces on the various 
branches of natural philosophy. His History ©f Insects, 
in 6 vols. quarto, at Paris, is his principal work. Another 
edition was printed in Holland, in 12 vols. 12mo. He 
made also great and useful discoveries concerning iron ; 
showing how to change common wrought iron into steel, 
how to soften cast iron, and to make works in Cast iron 
as fine as in wrought iron. His labours and discoveries 
on this subject were rewarded by the duke of Orleans, 
regent of thc/kingdom, by a pension of 12 thousand livres, 
equal to about 5001. sterling; which however he would 
not accept but on condition of its being put under the name 
of the academy, who might enjoy it after his death. It 
was owing to Reaumur's endeavours that there were esta¬ 
blished in France manufactures of tin-plates, of porcelain 
in imitation of china-ware, &c. They owe to him also a 
new thermometer, which hears his name, and is pretty ge¬ 
nerally used on the continent, while that of Fahrenheit is 
used in England, and some few other places. Reaumur's 
thermometer is a spirit one, having the freezing point at 0, 
and the boiling point at 80. 

Reaumur is esteemed an exact and clear writer; and 
there is an elegance in his style and manner, which is not 
commonly found among those who have made only the 
sciences their study. He is represented also as a inau of 
a most amiable disposition, and with qualities to make him 
beloved as well as admired. He left a great variety of pu- 
pers and natural curiosities, which he bequeathed to tho 
Academy of Sciences.—The works published by him, are 
the following : 

1. The Art of changing Forged Iron into Steel; of 
Softening Cast Iron; and of making works of Cast Iron 
as fine as of Wrought Iron. Paris, 1722, 1 vol. in 4to. 

2. Natural History of Insects, 6* vols. in 4to. 

His memoirs printed in the volumes of the^Academy. of 
Sciences, are very numerous, amounting to upwards of a 
hundred, and on various subjects, from the year 1708 to 
1763, several papers in almost every volume. 
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RECEIVER, of an Air Pump, is part of its apparatus ; 
bring a glass vessel placed on the top of the plate, out of 
which the air is to be exhausted. 

RECESSION of the Equinoxes. See Precession. 
RECIPROCAL, in Arithmetic, &c, is the quotient 
arising b\ dividing 1 by any number or quantity. So, the 

reciprocal of 2 is i ; of :J is \, and of a is -, &c. Hence, 

the reciprocal of a vulgar fraction is found, by barely 
making the numerator and the denominator mutually 
change places: so the reciprocal'of 4 is -f or ‘2 ; of 7 , is 


J : of is bee. lienee also, any quantity being mul- 
2 b a 

tiplied by its reciprocal, the product is always equal to 
unity or 1 : so \ * £• = i = and $ x *. = £ = 1 , 


and 
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Sec a large table of reciprocals of numbers, in my 
Tracts, vol.l, at the end, also a method of finding them, 
pa. 46.). 

Reciprocal Figures, in Geometry, are such as have 
the antecedents and consequents ol 
the same ratio in both figures. So, 
in the two rectangles be and nn, if 
ab : we : : nc : ae, then those rec¬ 
tangles arc reciprocal figures; and 
are also equal. 

Reciprocal Proportion, is when, 
in four quantities, the two latter terms 
have the reciprocal ratio oi the two 
former, or arc proportional to the reciprocals of them. 
Thus, 24, 15, 5, 8 form a reciprocal proportion, because 
^ : 5 : 8, or 15 : 2+ : : 5 : 8. 

Reciprocal Ratio, of any quantity, is the ratio of 

the reciprocal of the quantity. 

Reciprocally. One quantity is reciprocally as 
another, when the one is greater in proportion as the 
other is less ; or when the one is proportional to the re¬ 
ciprocal of the other. So a is reciprocally as b t when 

a is always proportional to ——. Like as in the mecha¬ 
nic powers, to 'perform any effect, the less the power is, 
the greater must be the time of performing it: or, as it is 
snidT what is gained in power, is lost in time. So that, 
if p denote any power or agent, and t the time of its per¬ 
forming any given service; then p js ns —und t is ns 


_L; that is, p and t are reciprocally proportionals to 
each other. 

, RECIPROCITY of prime numbers, n certain law 
that obtains with regard to the remainders of the formula; 

n - I o* — 1 * , 

m « _ alK | when n and m arc both primes, first 

demonstrated by Legendre, and on which he has founded 
the demonstration of several curious numerical propo¬ 
sitions. These remainders, for the sake of abridgement, 

may be written (*~") a,u ^ (~^*)* fhat is, (—) . repre- 

n — 1 

senting tbe remainders of —, and (—) representing 

w> 1 * .1 

the remainders of -^—2—. Then there always subsists 

m 

such a relation between these two expressions, that one 
being given, the other is immediately determined. For 


whatever may be the form of m and n, provided they 
arc not both of the form 4a—1, we shall always have 

= (—) ; and if they arc both of the form 4a—1, 
m n 

then will (—) = — (—)• It is not expected we 

should here enter upon the investigation of this theorem, 1 
but tbe reader who wishes to see the demonstration, will 
find ample gratification by consulting the work above 
alluded to. 

RECKONING, in Navigation, is the estimating the 
quantity of a ship’s way; or of the course and distance 
run. Or, more generally, a ship’s reckoning is that ac¬ 
count, by which it may at any time be known where the 
ship is, and consequently on what course or courses she 
must steer to gain her intended port. The reckoning is 
usually performed by keeping an account of the courses 
steered, and the distance run, with any accidental cir¬ 
cumstances that occur. The courses steered are ob¬ 
served by the compass; and the distance* run are esti¬ 
mated from the rate of running, and the time run upon 
each course. The rate of running is measured by the 
log, from time to time; which however is liable to great 
irregularities. Anciently Vitruvius, for measuring the 
rate of sailing, advised an axis to be passed through the 
sides of the ship, with two large heads protending out of 
of the ship, including wheels touching the water, by the 
revolution of which the space passed over in a given time 
is measured. And the sutnc has been since recommend¬ 
ed by &nell. 

Reckoning, Dead. See Dead Reckoning. 

R EC LI NATION of a Plane, in Dialling, is the angular 
quantity which a dial plane leans backwards, from an ex¬ 
actly upright or vertical plane, or from the zenith. 

RECLINER, or Reclining Dial, is a dial whose 
plane reclines from the perpendicular, that is, lcaus back¬ 
wards, or from you, when you stand before it. 

Recliner, Declining, or Declining Reclinino Dial, 
is one which neither stands perpendicularly, nor opposite 
to one of the cardinal points. 

RECOIL, or Rebound, the rcsilition, or flying back¬ 
ward, of a body, especially a fire-arm. This is the mo¬ 
tion by which, on explosion, it starts or flics backwards ; 
and the cause of it is the resistance of the ball und the 
impelling force of the powder, Which acts equally on the 
gun and on the ball. It has been commpnly suid by . 
authors, that the momentum of the ball is equal to that 
of ,tho gun with its carriage together ; but this is a mis¬ 
take ; for the latter momentum is nearly cqiial to that of 
the ball and half the weight of the powder together, mov¬ 
ing with the velocity of the ball. So that, if the gun, and 
the ball with half the powder, were of cquul weight, the 
piece would recoil with the same velocity as the ball is 
discharged. But tbe heavier any body is, the less will 
its velocity be, to have the same momentum, or force ; 
and therefore so many times as the ennnon and carriage 
is heavier than tbe ball and half the powder, just os 
many times will the velocity of the ball be greater than 
that of the gun ; and in the same ratio nearly is the 
length of’tho barrel before the charge, to the quantity 
the gun recoils in the time the ball is passing along the 
bore of the gun. So, if a 24 pounder of 10 feet long be 
64001b weight, and charged with 8lb of powder; then, 
when the ball quits the piece, the gun will have recoiled 
■sixns x 10 = -fa of o foot, or nearly half an inch. 
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RECORDE (Robert), a learned physician and ma¬ 
thematician, was born of a good family in Wales, and 
flourished in the reigns of Ilenry the 8th, Edward the 6th, 
and Mary. There is no account of the exact time of 
his birth, though it must have been early in the Kith 
century, as he was entered of the university of Oxford 
about the year 1525, where he was elected fellow of All¬ 
souls college in 1531. Making physic his profession, he 
went to Cambridge, where he was honoured with the de¬ 
gree of doctor in that faculty, in 1545, and was highly 
esteemed by all who knew him, for his great knowledge 
in several arts and sciences. , He afterwards returned to 
Oxford, where, as he had done before he went to Cam* 
bridge, lie publicly taught arithmetic, and other branches 
ol the mathematics, with great applause. It secius'he 
afterwards repaired to London, and it lias been said lie 
was physician, to Edward the 6th and Mary, to which 
princes he dedicates some of his books ; and yet he ended 
Lis days iu the Fleet, where he was confined for debt, in 
the year 1558, at u very immature age. Sec other curi¬ 
ous particulars of this author in my Tracts, vol. 2, 
pa. 243. 

Recordc published several mathematical books, which 
are mostly in dialogue, between the master and scholar. 
T hey are as follow : 

1. The Pathway to Knowledge, containing tbe first Prin¬ 
ciples ofGcomctrie,as they may moste aptly beapplied unto 
practise, bothe for use ol Instrumcntes Geomctricall nnd 
Astronomical!, and also for Projection of (Mattes much 
necessary for all sortes of men. Loud. 4to, 1551.—This 
work, the author says, is the first book on Geometry ever 
printed in the English language. 

2. The Ground of Arts, teaching the perfect worke and 
practice of Arithmctickc, both in whole numbers and 
fraction?, after a more casie and exact forme then in 
former time hath- becne set forth, Svo. 1552.—It would 
•ecru however that there must have been some earlier 
edition than this, or another like work, since the author, 
in the dedication of his Goometry,or Pathway, Jail. 1551, 
says that Ik*, has “ allrcady set forth somwhat of Arith- 
mctike/ J —This work went through many editions, and 
was corrected and augmented by several other persons; 
as first by the famous Dr. John Dec; then by John 
Mellis, a schoolmaster, 1590; next by Robert Norton; 
then by Robert Hartwell, practitioner in mathematics, in 
London ; and lastly by R. C. and printed in 8vo, 16*23. 

3. The Custle of Knowledge, containing the Explication 
ot the Sphere bothe Cclestiall and Material!, and divers 
other things incident thereto. With sundry plcasaunt 
prooles and ccrtainc newe demonstrations not written be¬ 
fore in any vulgare uoorkes. Lond. folio, 1556*. 

4" Th* Whetstone of Witte, which is the seconde part 
of Arithmctikc: containing the Extraction of Rootes : 
the Cossikc Practise, with the rules of Equation : and the 
woorkes of Surdc Nom‘bers. Lond. 4to, 1557.—For an , 
analysis of this work on Algebra, with an account of 
what is new in it, sec vol. 1, under the article Algebra. 

Wood says he wrote also several pieces on physic, ana¬ 
tomy, politics, and divinity; but 1 know not whether 
they were ever published. And Sherburne says that he 
published Cosmograpbi* Tsagogcn; also that he wrote a 
book, De Arte faciendi Horologium ; and another, Dc 
UsuGloborurn, & deStatuTcmporum; which I have never 
seen.—In the end of the preface to the Geometrical Theo¬ 
rems, in The Pathway to Knowledge, he sets down a list 
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of many other books, partly mathematical and partly 
other subjects, which he says he had written, but not 
then published. 

RECTANGLE, in Geometry, is a right-angled paral¬ 
lelogram, or a right-angled quadrilateral figure. 

If from any point o, lines be drawn to all the four 


-Wj: 
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angles of a rectangle; then the sums of the squares ol 
the lines drawn to the opposite corners will be equal, iu 
whatever part of the plane the point o is situated ; viz, 
OA ~ ■+■ od* = ob 2 -+- oc 2 . For other properties of the 
rectangle, see Parallelogram ; for the rectangle be¬ 
ing a species ol the parallelogram, whatever properties 
belong to the latter, must equally held in the former. 

For the Aren of a Rectangle. Multiply the length 
by the breadth or height. Otherwise; a. 

Multiply the product of the two dia- j \ 
gonals by half the sine of their angle I \ ...•*** 

at the intersection. ^ 

That is, ab x .\c, or ad x dc \ 

x ^ sin. JL p = area. A rectangle, 
as of two lines ab and ac, is thus 
denoted, ab x ac, or ab . ac ; or else thus expressed, 
the rectangle of, or under, ab and ac. 

Rectangle, in Arithmetic, is the same with product 
or factum. So the rectangle of 3 and 4, is 3 x 4 or 12 ; 
and of a and b is a x b or ab. 

RECTANGLED, Right-angled, or Rectangular, 
is applied to figures and solids that have at least one 
right angle, if not more. So a right-angled triangle has 
one right angle : a right-angled parallelogram is a rect¬ 
angle, and has four right angles. Such also are squares, 
cubes, and parallclopipeduns. Solids are also said to be 
rectangular with respect to their situation, viz, when their 
axis is perpendicular to their base j as right cones, pyra¬ 
mids, cylinders, &c. 

The ancients used the phrase Rectangular Section of a 
Cone, to denote a parabola; that conic section, before 
Apollonius, being only considered in a cone having its 
vertex a right angle. And hence it was, that Archimedes 
entitled his hook of the quadrature of the parabola, by 
the name of Rectanguli Coni Sectio. 

RECTIFICATION, in Geometry, is the finding of a 
right line equal to a curve. The rectification of curves 
is a branch of the higher geometry, in which the use of 
the inverse method of fluxions is particularly useful. 
This is a problem to which all mathematicians, both 
ancient and modern, have paid the greatest attention, and 
particularly as to the rectification of the circle, or find¬ 
ing the length of the circumference, or a right line equal 
to it; hut hitherlo without the perfect effect: on this also 
depends the quadrature of the circle, since it is demon¬ 
strated that the area of a circle is equal to a right-angled 
triangle, of which one of the sides about the right anglp 
19 the radius, and the other equal to the circumference : 
but it is much to be feared that neither the one nor tlip 
other will ever be accomplished. Innumerable approxi¬ 
mations however have been made, from Archimedes, down 
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lo i|io mathematicians of the present day. See Circle, 
and Circumference. 

The first person who gave the rectification of any curve, 
was Mr. Neal, son of Sir Paul Neal, as we find at the end 
of Dr. Wallis’s Treatise on the Cissoid ; where ha says, 
that Mr. Neal's rectification of the curve of the semi- 
cubical parabola, was published in July or August, 1657. 
Two years after, viz, in 1659, Van Hu rent, in Holland, 
also gave the rectification of the same curve; as may be 
seen in Scbootens Commentary on Descartes's Geo¬ 
metry. 

The most comprehensive method of rectification of 
curves, is by the inverse method of fluxions, which is 
thus : Let ac c be any curve line, ab an absciss, and bc 
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Hence the value of the curve, from the fluent of each of 
these, gives the four following forms, in scries, viz, putting 
d = 2r the diameter, the curve is, z 

= (!-+- z—n + —— + - : r — 
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See my Mensur. 4th edit. pa. 91 &c, also most treatises 
on Fluxions. 

It is evident that the simplest of these series is the 
third, or that which is expressed in terms of the tangent. 
It will therefore be the properest form to calculate «in ex¬ 
ample by in numbers. And for this purpose it * will 
be convenient to assume some arc whose tangent, or at 
least its square, is known to bc some small simple num¬ 
ber. Now the arc of 45° it is known has its tangent 


a perpendicular ordinate; also bc another ordinate inde¬ 
finitely near to bc; and c d drawn parallel to the absciss 
ab. Put the absciss aB = x, the ordinate bc = y, and - e( j Ua l t u the radius; and therefore, taking the radius 
the curve ac = z: then is cd = b6 = x the fluxion of r = 1, and consequently the tangent of 45° 
the absciss ab, and cd = y the fluxion of the ordinate 
bc, also c c = i the fluxion of the curve ab, Hence, 
because ted may be considered as a plane right-angled 
triangle, cc* = cd 9 4 - ca*, or £ 9 = x* and there¬ 

fore i = \/(x q 4 - jp ); which is the fluxion of the 
length of any curve; and consequently, out of this equa¬ 
tion expelling cither x or y , by means of the particular 
equation expressing the nature of the curve in question, 
the fluents of the resulting equation, being then taken, 
will give the length of the curve, in finite terms when 
it is rectifiable, otherwise in an infinite series, or in a lo¬ 
garithmic or exponential &c expression, or by means of 
some other curve, &c. 

Ex. 1. To rectify the common parabola .—In this case, 
the equation of the curve is 2ax =y % , where a is half 
the parameter. The fluxion of this equation is ax =yy, 


7 w 

and hcncc x % = ; this being substituted in the ge¬ 
neral equationz = -«->*), it becomes z __ j'S (aa +yy ') . 

the correct fluents of which give * = V '~ 

x hyp. log. of v + . + M which is the length of the 

curve ac, when it is n parabola. 

And the same might be expressed by an infinite scries, 
by expanding the quantity ^/(aa ■+■ yy). See my Men¬ 
suration, pa. 271, 4th edition. 

Ex. 2. To rectify the Circle. —The equation of the circle 
may bc expressed cither in terms of the sinc,or versed sine, 
or tangent, or secant,&c, and the radius. Let therefore the 
radius of the circle be da or dc =r, the versed sine ab = 
x, the right sine bc = .y,the tangent ce = /,and the secant 
be = «; then, by the nature of the circle, we have these 
• if — r* 

equations, y = 2rx — x* = ~ ^ r*; an( * 

by means of the fluxions of these equations, with tho ge¬ 
neral equation *• = ** y, are obtained the following 
fluxioflal forms for the fluxion of the curve, the fluent of 
any one of which will be the curve itself, viz, 


or f = 1 

also, in this case the arc of 45° to the radius 1, ortho 
quadrant to the diameter 1, will be = 1 — 

i &c. But as this series converges very slowly, some 
smaller arch must bc taken, that the series may converge 
faster; such as the arc of 30°, whose tangent is = \/f 
= ’5773502, or its square I* = -J ; and h< nee, after the 
first term, the succeeding terms will be found by dividing 
always by 3, and these quotients divided by the absolute 
numbers 3,5, 7, 9, &c; and lastly adding every other 
term together into two sums, the one the sum of the po¬ 
sitive terms, and the other the sum of the negative ones, 
then lastly the one sum taken from the other leaves the 
length of the arc of 30°, which is the 12th part of the 
whole circumference when the radius is 1, or the Oth 
part when the diameter is 1, and consequently 6 times 
that arc will be the length of the whole circumference to 
the diameter 1; therefore multiply the 1st term by 6> 
and the product is v' or */12 = 3*4641016; hence 
the operation will bc conveniently made as follows: 



-f 

■ Terms. 

— Terras. 

1) 

3.4641016 (3-4641016 


3) 

1*1547005 ( 


0-3849002 

3) 

$849002 ( 

769800 


7) 

1283001 ( 


183286 

9) 

427667 ( 

47519 

• ' 

11) 

142556 ( 


12960 

13) 

47519 ( 

3655 


15) 

15840 ( 


1056 

17) 

5280 ( 

311 


19) 

1760 C 


93 

21) 

587 ( 

28 

• ^ ♦ 

23) 

196 ( 


8 

25) 

65 ( 

3 

• * i 4 C. 

27) 

22 ( 


1 


3 *462332 — 0-4046406 
— 0-4046406 

3-1415926 the circumference* 
Various other series for the rectification of the circle may 
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be seen in different parts of my Mensuration. See also 
my Tracts, vol. 1, Tr. 17 and 18. 

REGT1F1FR, in Navigation, is an instrument used 
for determining the variation of the compass, in order to 
rectify the ship's course. It consists of two circles, either 
laid upon, or let in to one another, and so fastened toge¬ 
ther in their centres that they represent two compasses, 
the one fixed, and the other moveable. Each is divided 
into 32 points of the compass, and 360°, and numbered 
both ways, from the north and the south, ending at the 
east and west in 9u°. The fixed compass represents the 
horizon, in which the north, and all the other points, are 
liable to variation. In the centre of the moveable com¬ 
pass is fastened a silk thread, long enough to reach the 
outside of the fixed compass, except when the instrument 
is made of wood, in which case an index is used instead 
of the thread. 

RECTIFY ING of Curves. Sec Rectification. 

Rectifying of the Globe or Sphere , is a previous ad¬ 
justment of it, to prepare it for the solution of problems. 
This usually consists in placing it in the same position as 
th£ true sphere of the world has at some certain time pro¬ 
posed : which is done first by elevating the pole above the 
horizon as much as.the latitude of the place is, then 
bringing ihe sun's place for the given day, found in the 
ecliptic, to the graduated side of the brass or general me¬ 
ridian, next move the hour-index to the upper hour of 12, 
so shall the globe be rectified for noon of that day ; and 
if the globe be turned about till Ihe hour-index point at 
any proposed hour, then is the globe in the real position 
of the earth at that time, if the whole globe be set in 
the north and south position by means of the compass. 

RECTILINEAL, Rectilinear, or Right-lined, is the 
quality or nature of figures that are bounded by right 
lines, or formed by right lines. 

RECURRING Series, is a series constituted in such 
a manner, that having taken at pleasure any number of 
its terms, each following term shall be related to the 
same number of preceding terms according to a constant 
law of relation* $ce Recurring Series. 

Recurring Decimals . See Revktknd. 

RED, in Physics,, or Optics, one of the simple or pri¬ 
mary colours of natural bodies, or rather of the rays of 
light.—The red rays arc the least refrangible of all the 
rays of light. And hence, as Newton supposes the dif¬ 
ferent degrees of refrangibility to arise from the different 
magnitudes of the luminous particles of which the rays 
consist ; therefore the red rays, or red light, is concluded 
to be that which consists of the largest particles. See 
Colour, aud Light. —Authors distinguish three general 
kinds of red: one bordering on the blue, as columbine, 
or dove-colour^ purple, and crimson ; another bordering 
on yellow, as (lame-colour and orange ; and between 
these extremes is a medium, which is that which is pro¬ 
perly called red. 

REDANS^ or Redant, or Redent, in Fortification* 
is a kind of work indented like the teeth of a saw, with 
salient and re-entering angle*; to the end that one part 
may flank or defend another. It is called also Saw-work, 
and Indented work-—Redans arc often used in fortifying 
of walls, where it is not necessary to be at the expense 
of building bastions; as when they stand on the side of 
a river, or a marsh, or the sea, &c. But the fault of 
auch fortification is, that the besiegers from one battery 


may ruin both sides of the tcnaillc or front of a place, and 
make an assault without fear of being enfiladed, since the 
defences are ruined.— I he parapet of the corridor also 
is frequently redcnled, or carried on by the way of 
redans. 

REDOUBT, or Rf.doute, in Fortification, a small 
fort T without any defence but in front, u>cd in trenches, 
lines ol circumvallation, contravallation, and approach, 
as also lor the lodging of corps de garde, and to defend 
passages. 

A Detached Redoubt, is a kind of work resembling a 
ravelin, with flanks, placed beyond the glacis —It is made 
to occupy some spot of ground which might be ad¬ 
vantageous to the besiegers ; and also to oblige the enemy 
to open his trenches farther off than lie would other¬ 
wise do. 

REDUCING Scale, or Surveying Scale , is a broad 
thin slip of box, or ivory, having several lines and scales 
ol equal parts upon it ; used by surveyors for turning 
chains and links into roods and acres, by inspection. 
They use it also to reduce maps and draughts from one 
dimension to another. 

REDUCTION, in general, is the bringing or changing 
some thing to a different form, state, or denomination. 

Reduction, in Arithmetic, is commonly understood 
of the changing of money, weights, or measures, to other 
denominations, of the same value ; and it is of two kinds. 
Reduction Descending, which is the changing a number 
to its equivalent value in a lower denomination ; as pounds 
into shillings or pence: and Reduction Ascending, which* 
is the changing numbers to higher denominations; as 
pence to shillings or pounds. See the books on arith¬ 
metic. 

Reduction of Fractions. See Fraction, and Decimal. 

Reduction of Equations. Sec Equation. 

Reduction of Curves. See Curve. 

Reduction of a Figure, Design, or Draught, is the 
making a copy of it, either larger or smaller than tho 
original, but still preserving the form and proportion. 

Figures and plans are reduced, and copied, in various 
ways; as by the pentagraph, and proportional compasses. 
See Pentagraph, und Proportional Compasses. Tho 
best of the other methods of reducing arc as below. 

To reduce a simple Rectilinear Figure by Lines . 

Choose a point p any where about the given figure 
abcde, either within it, or without it, or in one side or 
angle; but near the middle is best. From that point P 
draw lines through all the angles ; on one of which tako 
p a to pa in the proposed proportion of the scales, or 
linear dimensions; then draw ab parallel to ad, be to bcv 
& c ; so sliall abcde be the reduced figure sought, cither 
greater or smaller than the original. 
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To Reduce a Figure by a Scale. —Measure all the sides, 
and diagonals, ol the figure, as adcde, by a scale; and 
lay clown the same measures respectively, from another 
scale, in the proportion required. 

To Reduce a Jlap, Design , or Figure , by Squares. See 
Su KVEY1NG, art. 21. 

Reduction to the Ecliptic, in Astronomy, is the differ¬ 
ence between the aigument of lati¬ 
tude, as np, and an arc of the eclip¬ 
tic NR, intercepted between the place 
of a planet, and the node.—To liud 
this reduction, or difference; in the 
right-angled spherical triangle npii, 
are given the angle of inclination, 
and the argument of latitude np; to 
find nr ; thou the dif. between NP 
and Nit is the reduction sought. 

REDUNDANT Hyperbola, is a curve of the higher 
hind, so called because it exceeds the conical hyperbola 
in the number of legs ; being a triple hyperbola, with 6 
hyperbolic legs. Sec Newton's Enum. Lin. tenii Ordinis, 
nominaformarum, &c. 

RE-ENTEUING Angle % in Fortification, is .an angle 
whose point is turned inwards, or towards the place. 

REFLECTED Ray, or Vision , is that which is made by 
the reflection of light, or by light first received upon the 
surface of some body, and thence reflected again. See 
Hay, Vision, and Reflection. 

REFLECTING Circle , or Semicircle, an ingenious and 
useful instrument, adapted to the purposes of surveys, es¬ 
pecially those of the military kind, in forming sketches in 
the practice of rcconnoitering. 

This instrument is the invention of sir Howard Douglas 
Bart, lieutenant-governor of the senior department of the 
Royal Military College, at Farnham ; and which, with the 
many useful regulations and good management of tho col¬ 
lege, are so many verifications of the promising hopes in¬ 
dicated by his talents and regular good conduct in the 
Royal Mil. Acad, at Woolwich, where sir Howard re¬ 
ceived his military education. 

The instrument combines the effect of a Hadley's qua¬ 
drant and of n protractor, together ; or it combines the 
measuring principle with a circular protractor, in such a 
manner, that the index or limb of the instrument shall de¬ 
scribe the xvhble of the measured angle. By this contri¬ 
vance, the angles taken in the field, may be protracted at 
once, in their real magnitude, on Uie sketch, without the 
trouble of reading oft* the degrees. It is therefore particu¬ 
larly useful in surveying, to determine the true situations 
of objects, at the same time that the ground is sketched. 

To the radius or limb of a semicircular, or circular, 
protractor, auc (pi. 31, fig* 2), is fixed the index glass 
de ; and the horizon glass fg is fixed on a bar, ill, which 
lias a motion on the centre k. This bar slides on a pin o, 
attached to the limb or radius carrying the index glass; 
the pin being adjusted so, that there shall be no apparent 
index-eiror, and exactly in the same circle with the point 
K : the principal limb will then describe the whole angle 
measured. 

Thus the new reflecting circle, or scmircirclc, is divided 
into 300°, 180°, instead of the double number, as in the 
repeating circle, and the length of the arc of the latter is 
equal to that of a sextant, whose radius is the length of the 
sliding bar, that is, the diameter of the circle. A vernier 


is applied to read off with accuracy. A 4-inch plotting , 
or diagonal scale of 1 mile, divided into yards, is engraven 
on the fixed limb of the instrument; by help of which all 
the cases of trigonometry can be solved by construction. * 
To those acquainted with the common sextant, the use 
of the reflecting semicircle will be obvious. The eye is 
applied to the end of the bar q : the instrument is held in 
the right hand, by the end of the fixed limb, and is directed 
so that the left, or direct object, is seen through the un¬ 
silvered part of the horizon glasfc. Apply the thumb of 
the left hand to the end of ihe moveable limb, and turn it 
till the other object is seen reflected in the lower part of 
the horizon glass ; then pus is the measured angle, which 
can be protracted at once, placing the centre it over tho 
station.—'I he errors or mistakes arising from reading off 
in a hurry, are thus avoided; the operations of protract¬ 
ing the points, and sketching the features of the ground, are 
combined ; and the sketch much sooner completed. 

m is a small screw, to adjust the horizon glass perpen¬ 
dicular to the plane of the instrument; and n is another 
small screw, behind the index glass, to adjust it parallel 
to the horizon gloss, when the vernier cuts 0 degree on the 


arc. 


For other instruments of reflection, see Circular /n- 
strument . 

REFLECTING, or Reflexive, Dial, is a kind of dial 
which shows the hour by means of a thin piece of looking- 
glass plate, duly placed throw the sun's rays to the top 
of a deling, on which the hour-lilies arc drawn. 

Reflecting Telescope , is one in which the rays, from 
the object to be viewed, are first received on a speculum, 
or polished reflecting surface, of a proper form, tbentc to 
another speculum, and so to the eyC. See Teles copfe. 

REFLECTION, or Reflexion, io Mechanics, isthfc 
return, or regressive motion of a moveable body, occasioned 
by the resistance of another body, which hinders it from 
pursuing its former course of direction. 

Reflection is conceived, by the latest and best authors, 
as a motion peculiar to clastic bodies, by which, after 
striking on others which they cannot remove, they recede, 
or turn back, or asido, by their elastic power. • On this 
principle it is asserted, that there may be, and is, a period 
of rest between the incidence ahd the reflection; since thte 
reflected motion is not a continuation of the other, but a 
new motion, arising from a new cause or principle, viz, the 
power of clastidty. 

It is one of the great laws of reflection, that the angle df 
incidence is equal to the angle of reflection; i. e. that th% 
angle which the direction of motion of a striking body 
makes with the surface of the body struck, is equal to the 
angle made between the same surface and the directionof 
motion after the stroke. See Incidence and Pe^ci/s'- 

SION. 

Reflection qf flic Roys of Light, IHtc that of other 
bodies, is their motion after being reflected from the sur-‘ 
faces of bodies. The reflection of the rays of light from 
the surfaces of bodies, is the means by which those boflfes 
become visible. And the disposition df bodies to rt'flcdt ' 
this or that kind of rays most copiously, is the Cause of 
their being of this or that colour. Also, the reflection of 
light, from tho surfaces of mirrors, makes the subject df 
cutoptrics. - 

The reflection of light, Newioh has shown, is not effect¬ 
ed by the. rays striking on the yery parts of (ho bodies ; 
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but by some power of the body equally diffused through¬ 
out its whole surface, by which it acts upon the ray, at¬ 
tracting or repelling it without any real immediate contact. 
This power he also shows is the same by which, in other 
circumstances, the rays are refracted; ami by which they 
are at first emitted from the lucid body. 

Dr. Priestley says, it is not more probable, that the rays 
are transmitted from the sun, with an uniform 
disposition to ber reflected or refracted, according to the 
circumstances of the bodies on which they impinge; and 
that the transmission of some of the rays, apparently un¬ 
der the same circumstances, with others that are reflected ; 
is owing to the minute vibrations of the small parts of the 
surfaces of the mediums through which the rays pass; vi¬ 
brations that are independent of action and reaction be¬ 
tween the bodies and the particles of light at the time of 
their impingeing, though probably.cxcited by the action of 
preceding rays. Hist, of Light and Colours, pa.309. 

Newton concludes his account of the reflection of light 
with observing, that if light be reflected not by impingeing 
on the solid parts of bodies, but by some other principle, 
it is probable that as many of its rays as impinge on the 
solid parts of bodies arc not reflected, but stifled and lost 
in the bodies. Otherwise, he says, we must suppose two 
kinds of reflection ; for should all the rays be reflected 
which impinge on the internal parts of clear water or cry¬ 
stal, those substances would rather hare a cloudy colour, 
than a clear transparency. To make bodies look black, it 
is necessary that many rays be stopped, retained and lost 
in (hem; and it does not seem probable that an) rays can 
be stopped and stifled in them, which do not impinge on 
their purls : and hence, he says, we may understand, that 
bodies are much more rare and porous than is commonly 
believed. However, M. Bougfier disputes the fact of light 
being stifled or lost by impingeing on the solid paits'ot 
bod it's. 

R&fltfiCTiOK, in Catoptrics, is the return of a ray of 
light from the polished surface of a speculum or mirror, 
as driven thence by some power residing in it. The ray 
thus returned is called a n flex or reflected ray, or a ray 
*of reilcction ; and the point of the speculum where the 
ray commences, .is called the point of reflection. Thus, 
the ray ar, proceeding from the ra¬ 
diant a, and striking on the point of 
the speculum b, being returned 
thence to c, bc represents the re¬ 
flected ray, and b the point of re¬ 
flection; in respect of which, a b re¬ 
presents the incident ray, or ray of 
incidence, and b the point of incidence ; also the angle 
cbe is the angle of reflection, and a bd the angle of inci¬ 
dence ; where de is the reflecting surface, or at least a 
tangent to it at the point b. Though some count the angle 
of incidence and of reflection from the perpendicular bf. 

General Lam of Reflection. — 1. When a ray of 
light is reflected from a speculum of any form, the angle of 
incidence is always equal to the angle of reflection. This 
law obtains in the percussions of all kinds of bodies ; and 
consequently must do so in those of light’; the proof of 
which may be seen at the article Incidence. This law 
is confirmed also by experiments on all bodies': and on 
the rays of light in this manner: A ray from the 6un fall¬ 
ing on a mirror, in a dark room, through a small hole, 
will be seen to rebound, so as to make the angle of reflec¬ 
tion equal to the angle of incidence* And the same may 



be shown in various other ways: thus ex. gr. placing a 
semicircle dee on a mirror de, its centre on b, and its 
limb or plane perpendicular to the speculum ; then as¬ 
suming equal arcs dg and eh ; place an object in a, and 
the eye in c: then will the object be sc* n by a ray re¬ 
flected from the point b. llut by covering b, the object 
will cease to be seen. 

II. E\ery point of a speculum reflects rays falling on it, 
from every point of an object. 

III. It the eye c and the radiant point a change places, 
the point wilt continue to radiate upon the eye, in the 
same course or path as before. 

IV. The plane of reflection is perpendicular to the sur¬ 
face of the speculum ; and it passes through the centre in 
spherical specula. 

Reflection of the IMoon, is a term used by some au¬ 
thors for what is otherwise called her variation ; be ing the 
3d inequality in her motion, by which her true place out 
of the quadratures differs from her place twice equated. 

Reflection is also used in the Copcrnican system, for 
the distance of the pole from the horizon of the disc ; 
which is the same thing as the sun’s declination in the Pto¬ 
lemaic system. 

REFLECTOIRE Curve. See Rrflcetoire C u n v e. 

REFLEX IB1LITY of the Rays of Light, is that property 
by which they are disposed to be reflected. Or, it is their 
disposition to be turned back into the same medium, from 
any other medium on whose surface they fall, lienee 
those rays are said to he more or less reflexiblc, w hich arc 
returned back more or less easily under the same inci¬ 
dence. Thus if light pass out of glass into air, and by 
being inclined more and more to the common surface of 
the glass and air, begins at length to be totally reflected by 
that surface, those kinds of rays which at like incidences 
are reflected most copiously, or the; rayj> which by being 
inclined begin soonest to be totally reflected, arc the most 
reflexiblc rays. 

That rays of light arc of different colours, and endued 
with different degrees of reflcxihility, was first discovered 
by sir I. Newton ; and it is shown by the following expe¬ 
riment. Applying a prism dfe to the aperture c of a 



darkened room, in such manner that the light he reflected 
from the base in o ; the violet rays are seen first reflected 
into no ; the other rays continuing still refracted to land 
k. After tnc violet, the blue are all reflected ; then the 
green, 6:c.—Hence it appears, that the differently coloured 
rays differ in degree of inflexibility. And from other ex¬ 
periments it appear?* that those rays which are most re¬ 
flexiblc, arfe also most refrangible. 

REFLUX of the Sea, is the ebbing of the water, or its 
return from the shore ; being so called, because it is the 
opposite fnotion to the flood or flux. Sec Tide. 
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REFRACTED Anqle, or Angle of Refraction, in Optics, dium : in perpendicular incidence there is no refraction, 
is the angle which the refracted ray makes with the re- Yet Voscius and Snell imagined they had observed a 
fracting surface ; or sometimes it denotes the complement perpendicular ray of light undergo a refraction; a per- 
of that, or the angle it makes with the perpendicular to pendicular object appearing in the water nearer than it 
the said surface. ' ; - really was : but this was attributing that to a refraction 

Ref 11 act 1 . o Dials, or Refracting Dials, are such as of the perpendicular rays, which was owing to the diver- 
show the hour by means of some refracting transparent gency of the oblique rays after refraction, from u nearer 
fluid. point. Yet there is a manifest refraction even of perpen- 

Refracted Ray, or Ray of Refraction-, is a ray dicular rays found in island crystal, 
after it is broken or bent, at the common surface of two Rohault adds, that though an oblique incidence be. ne- 
ditferent mediums, where it passes from the one into the cessary in all other mediums we know of, yet the obli- 
other. See Ray, ami Refraction. quity must not exceed ascertain degree ; it it do, the body 

Rf.fuactino Telescope, is one by which the rays from will not penetrate the medium, but will be reflected, in- 
nn object are transmitted to the eye through certain lenses stead of being refracted. 1 hus, cannon-balls, in sea on- 
of a proper form. See Tf.lescope. gagemonts, falling very obliquely on the surface of the 

REFRACTION,in Mechanics, is the deviation of a mov- wutcr, arc observed to bound or rise from it, and to sweep 
ing body from its direct course, by reason of the different the men from off the enemy's decks. And the same thing 
density of the medium it moves in ; or a flexion and happens to the little stones with which children make 
change of determination, occasioned by a body's passing their ducks and drakes along the surface of the water.— 
obliquely out of one medium into anothcT of a different The ancients confounded refraction with reflection; and 

it was Newton who first taught the true difference be¬ 
tween them. He shows however that there is a good 
deal of analogy between them, and particularly in the 
case of light. 

The laws of refraction of the rays of lighPin mediums 
differently terminated, i. e. whose surfaces arc plane, con¬ 
cave, and convex, make the subject of Dioptrics. By re¬ 
fraction it is, that convex glasses, or lenses, collect the 
rays, magnify objects, burn, &c; and hence the founda¬ 
tion of microscopes, telescopes, &c.*-And by refraction 
it is, that all remote objects are seen out of their real 
places; particularly, that the heavenly bodies are appa¬ 
rently higher than they art* in reality. The refraction of 
the air has many times so uncertain an influence on the 
Thus, a ball /, moving in the air in the line ad, and places of celestial objects, near the horizon, that wherever 
falling obliquely on the surface of the water CD, does not refraction is concerned, the conclusions deduced from ob- 
procced straight in the same direction, as to e, but dc- starvations that arc much affected by it, will always rc- 
viates or is deflected to p. Again, if the ball move in main doubtful, and sometimes too precarious to be relied 
water in the line ah, and fall obliquely on a surface of on. Sec Dr. Bradley in Philos. Trans, number 485. 
air cd, it will in this case also deviate from the same As to the cause of refraction, it does not appear that 
continued direction de, but the contrary way, and will ■ any person before Dfcscartcs attempted to explain it: this 
go to o, on the other side of it. Now the deflection in ' he undertook to do by the resolution or forces, on the 
either case is called the Refraction, the refraction being principles of mechanics; in conscqdence of which, ho 
towards the denser surface bd in the former case, but from was obliged to suppose that light passes with '•more case 
it in the latter. through a dense medium than a rare one ; thus, the ray 

These refractions n’re supposed to arise from hence; ac falling obliquely on a denser medium at c is supposed 
that the bull arriving at b, in the first case finds more re- to be acted on by two forces, one of them impelling it in 
sistancc or opposition on the one side o, or from the sides' the direction al, and the other in ak, which alone can 
of the water, than it did from thq side p, or that of.-the be effected by the change of medium ; and since, after 
air; and in the latter more resistance from the side p, the ray has entered the denser medium, it approaches tho 
which is now the side of the water, than the side o, which perpendicular 0 , it is plain that this force must have rc- 
is that of the air. And so-Tor any other different media : ceivcd an increase, while the other continued the same, 
a visible instance of which is often perceived in the falling The first person who questioned the truth of this cx- 
of shut or shells into the earth, as clay &cc, when the per- planation of the cause of refraction, was Fermat: lie as- 
foration is found to rise a little upwards, toward the sur- Sorted, contrary to Descartes, that light suffers greater 
face. However, another reason is assigned for the rcfrac- resistance in water than in air, and greater in glass than 
tion of the rays of light, whose refractions lie the con- in water; arid he maintained that the resistance of difle- 
trury way to those above, as will be seen in what follows, rent mediums, with respect to light, is in proportion to 
viz, that water by its, greater attraction accelerates the their densities. Leibnitz also adopted the same general 
motion of the rays of light more than air docs. idea ; and they reasoned on the subject in the following 

Refraction^ Light, in Optics, is an inflection or manner* Nature, say they, accomplishes her ends by 
deviation of the rays from their rectilinear course on the shortest methods ; and therefore light ought to pass 
passing obliquely out of onbamedium into another, of a from one point to another, cither by tbb shortest course, 
different density. Thai a body may be* refracted, it is or by that in which tho least time is required. But it is 
necessary that it should fall obliquely on (be second me- plain that the path in which light passes, , when it falls 
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obliquely on a denser medium, is not the most direct 
or the shortest; and therefore it must be that in which 
the least time is spent. And whereas it is demonstrable, 
that light falling obliquely upon a denser medium (in or¬ 
der to take up the least time possible, in passing from a 
point in one medium to a point in the other) must be re¬ 
tracted in such a manner, that the sine of the angles of 
incidence and refraction must be to one another, as the 
different facilities with which light is transmitted in those 
mediums; it follows that, since light approaches the per¬ 
pendicular when it passes obliquely from air into water, 
the facility with which water suffers light to pass through 
it, is less than that of the air ; so that the light meets 
with greater resistance in water than in air. 

This method of arguing from final causes could not 
satisfy philosophers. Dr. Smith observes, that it agrees 
only to the case of refraction at a plane surface ; and that 
the hypothesis is altogether arbitrary. 

Dcchales, in explaining the law of refraction, supposes 
that every ray of light is composed of several smaller 
rays, which adhere to one another; and that (hey are re¬ 
fracted towards the perpendicular, in passing into a denser 
medium,, because one part of the ray meets with more 
resistance than another part; so that the former traverses 
a smaller space than the latter; in consequence of which 
the ray must necessarily bend a little towards (lie perpen¬ 
dicular. This hypothesis was adopted by the celebrated 
Dr. Barrow, and indeed some say, he was the author of 
it. Nowon this hypothesis it is plain, that mediums of a 
greater refractive power, must give a greater resistance to 
the passage of the rays of light, than mediums of a less 
refractive power ; which is contrary to fact. 

The Bernoullis, both father and son, have attempted 
to explain the cause of refraction on mechanical princi¬ 
ples; the former on the equilibrium of forces, and the 
latter en the same principles with the supposition of ethe¬ 
real vortices : but neither of these hypotheses has gained 
much credit* 

M. Mai ran supposes a subtle fluid, filling the pores of 
all bodies, and extending, like an atmosphere, to a 
small distance beyond their surfaces; and then he sup¬ 
poses that the refraction of light is nothing more than a 
necessary and mechanical effect of the incidence of si 
small body in those circumstances. There is more, he 
says, of the refracting fluid, in water than in air, more in 
glass than in water, and in general more in a dense me¬ 
dium than in one that is rarer. 

Maupertuis supposes that the course which every ray 
takes, in passing out of one medium into another, is that 
which requires the least quantity of action, which depends 
on the velocity of the body and the Space it passes over; 
so that it is in proportion to the sum of the products aris¬ 
ing from the spaces multiplied by the velocities with which 
bodies pass over them. From this.principle he deduces 
the necessity of the sine of the angle of incidence being 
in a constant ratio to that of refraction; and also all the 
other laws relating to the propagation and reflection of 
light. 

Dr. Smith (in his Optics, Remarks, p. 70) observes, 
that all other theories for explaining the reflexion and 
refraction of light, except that of Newton, suppose that 
it strikes upon bodies and is resisted by them; which has 
never been proved by any deduction from experience. 
On the contrary, it appears from various considerations, 
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and might be shown by the observations of Mr. Moly- 
neux and Dr. Bradley on the parallax of the fixed stars, 
that their rays are not at all impeded by the rapid mo¬ 
tion ot the earth's atmosphere, nor by the object-glass oi 
the telescope, through which they pass. And by New¬ 
ton's theory of refraction, which is grounded orf experi¬ 
ence only, it appears that light is so far from being i< 
ed and retarded by refraction into any deme incciium, 
that it is swifter there than in vacuo in the ratio of the 
sine of incidence in vacuo to the sine of refraction into 
the dense medium. Priestley's Hist, of Light, &c, p. 102 
and 333. 

Newton shows that the refraction of light is not per¬ 
formed by the rays falling on the very surface of bodies ; 
but that it is effected, without any contact, by the action 
of some power belonging to bodies, and extending to a 
certain distance beyond their suifaces ; by which same 
power, acting in other circumstances, they are also emitted 
and reflected. 

The manner in which refraction is performed by mere 
attraction, without contact, may be thus accounted for : 
Now suppose hi the boundary of two mediums, n and 
o ; the first the rarer, ex. gr. 
air; the second the denser, ex. 
gr. glass ; the attraction of the 
mediums here will be as their 
densities. Suppose p s to he 
the distance to which the at¬ 
tracting force of the denser 
medium exerts itself within the 
rarer. And let a ray of light 
aci fall obliquely on the sur¬ 
face which separates the mediums, or rather on thesu r- 
facc/>s, where the action of the second and more resist 
ing medium commences ; then as the ray arrives at a, if 
will begin to be turned out of its rectilinear course by a 
superior force, with which it is attracted by the medium 
o, more than by the medium n ; hence the ray is bent 
out of its right line in every point of its passage between 
ps and it r, within which distance the attraction acts ; 
and therefore between these lines it describes a curve 
nub; but beyond KT, being out of the sphere of attrac¬ 
tion ot the medium n, it will proceed uniformly in a 
right line, according to the direction of the curve in the 
point b . 

Again, suppose n the denser and more attracting me¬ 
dium, o the rarer, and jii the boundary as before; and 
let rt be the distance to which the denser medium exerts 
its attractive force within the rarer : then even when the 
ray has passed the point n, it will be within the sphere of 
the superior attraction of the denser medium; but that 
attraction acting in lines perpendicular to its surface, the 
ray will be continually drawn from its straight course 
bm perpendicularly towards in : thus, having two forces 
or directions, it will have a compound motion, by which, 
instead of bm, it will describe bw, which will in strict¬ 
ness he a curve. Lastly, after it has arrived at m, hein<* 
out of the influence of the medium N, it will persist uni¬ 
formly, in a right line, in the direction in which the ex¬ 
tremity of the curve leaves it.—Thus we see how retrac¬ 
tion is performed, both towards the perpendicular de, 
and from it. . 

Rei uaction in Dioptric* , is the inflexion or bending of 
the rajs of light, in passing the surfaces of glasses, lenses, 
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mvl oilier transparent bodies of different densities. Thus, 
a raw as a b, falling obliquely from the radiant a, upon a 
point b, in a diaphanous surface ill, rarer or denser than 
the medium along which it was propagated from the ra¬ 
diant, lias its direction there altered by the action of the 
new medium ; and instead of proceeding to M, it deviates, 
as ior ex t<> c. 

'I hi' deviation is called the Refraction of the ray ; bc 
the Refracted ray, or Line of Refraction; and B the Point 
of Refraction — Ihe line a b is also called the Line ol In¬ 
cidence ; and in respect of it, b is also called the Point of 
Incidence. The plane in which both the incident and re¬ 
tracted ray are found, is called the Plane ol Refraction ; 
also a ri»lit line be drawn in the refracting medium per¬ 
pendicular to the refracting surface at the point of refrac¬ 
tion u, is called the Axis of Refraction; and its conti¬ 
nuation dd along the medium through which the ray falls, 
is called the Axis ol Incidence.—Further, the angle abi, 
made by the incident ray and the refracting surface, is 
usually called the Angle ol Incidence ; and the angle add, 
between the incident ray and the axis of incidence, is the 
Angle of Inclination. Moreover, the angle mbc, between 
the”rcfracted and incident rays, is called the Angle of Re¬ 
fraction ; and the angle cbf., between the refracted ray 
and the axis of refraction, is the Refracted Angle. But 
it is also very common to call the angles add and cbe, 
made by the perpendicular with the incident and refracted 
rays, the Angles of Incidence and Refraction. 

General Laws of Ref 11 action.— I. A ray of light in its 
passage out of a rarer medium into a denser, ex. gr. out of 
air into water or into glnss, is refracted towards the per¬ 
pendicular, i. e. towards tlie axis of refraction. Hence, 
the refracted angle is less than the angle of inclination ; 
and the angle of refraction less than that of incidence ; 
ns they would be equal were the ray to proceed straight 
from a to M. 

II. The ratio of the sines of the angles add, cbe, made 
by the perpendicular with the incident and refracted rays, 
is a constant and fixed ratio ; whatever- be the obliquity 
of the incident ray, the mediums remaining. Thus, the 
refraction out of air into water, is nc^ly as 4 to 3, and 
into glass it is nearly as 3 to 2. As to air in particular, 
it is shown by Newton, that a ray of light, in traversing 
quite through the atmosphere, is fefracted the same as it 
would be, were it to pass with the same obliquity out of a 
vacuum immediately into uir of equal density with that in 
the lowest part of the atmosphere. 

It appears, from Ptolemy's Optics, that he was well ac¬ 
quainted with the phenomena of the refraction of light, in 
passing from one medium to another; but he knew neither 
the law nor the exact quantity of it, though he made some 
experiments on it. Vitcllo, who collected the knowledge 
of the ancients on this subject, and their experiments, 
gave a false law for the comparison of the effect, erro¬ 
neously stating thut the angles of incidence and reflexion 
are always in a constant ratio. . . 

The true law of refraction was first discovered by Wil- 
Icbrord Snell, professor ot mathematics at Leyden ; who 
found by experiment that the cosecants of the angles of 
incidence and refraction are always in the same ratio. 
It was commonly attributed however to Descartes; who, 
having seen it in a ms. of Snell’s, first published it in his 
Dioptrics, without naming Snell, us Huygens asserts; 
Descartes having only altered the form of the law, from 
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the ratio of the cosecants, to that of the sines, which is the 
same tiling. 

It is to be observed however, that as the rays of light 
arc not all of the same degree of refrangibility, this con¬ 
stant ratio must be different in different kinds: so that the 
ratio mentioned by authors, is to be understood of rays of 
the mean rcfrangibility, i. c. of green rays. The difference 
of refraction between the least and most refrangible rays, 
that is, between violet and red rays, Newton shows, is about 
the -, 2 t of the whole refraction of the mean refrangible ; 
which difference, he allows, is so small, that it seldom 
needs to be regarded. 

Different transparent substances have indeed very dif¬ 
ferent degrees of refraction, and those not according to 
any regular law ; as appears by many experiments of New¬ 
ton, Euler, Hawksbec, Nc. Sec Newton’s Optics, 3d edit, 
pa. 247; Hawksbcc’s Experim. pa. 292; Act.Berlin. 1762, 
pa. 302; Priestley’s Hist, of Light &c, pa.479 

Whence the different refractive powers in different fluids 
arise, has not been determined. Newton shows, that in 
many bodies, os glass, crystal, selcnilcs, pseudo-topaz, &c, 
the refractive power is indeed proportionable to their den¬ 
sities; while in sulphureous bodies, as camphor, linseed, 
and olive oil, amber, spirit of turpentine, &c, the power is 
2 or 3 times greater than in other bodies of equal density; 
and yet even these have the refractive power with respect 
to each other, nearly as their densities. Water has a re¬ 
fractive power in a medium degree between those two 
kinds of substances; while salts and vitriols have refrac¬ 
tive powers in a middle degree between those of earthy 
substances and water, and accordingly are composed of 
those two kinds of mutter. Spirit of wine has a refractive 
power in a middle degree between those of water and oily 
substunccs; and accordingly it seems to be composed of 
both, united by fermentation. It appears therefore, that 
all bodies seem to have their refractive powers nearly pro¬ 
portional to their densities, excepting so far as they par¬ 
take more or less of sulphureous oily particles, by which 
those powers arc altered. 

Newton suspected that different degrees of heat might 
have some effect on the refractive power of bodies ; but his 
method of determining the general refraction was not suf¬ 
ficiently accurate to ascertain this circumstance. Euler’s 
method however was well adapted to this purpose: and 
from his experiments he infers, that the focal distance of a 
single lens of glass diminishes with the heat communicated 
to it; which diminution is owing to a change in the re¬ 
fractive power of the glass itself, which is probably in¬ 
creased by heat, and diminished by cold, as well as that of 
all other translucent substances. 

From the law above laid down it follow?, that one 
angle of inclination, and its corresponding refracted angle, 
being found by observation, the refracted angles corre¬ 
sponding to the several other angles of inclination are 
thenceensily computed. Now, Zahniusnnd Kircherhave 
found, that if the angle of inclination be 70 , the refracted 
angle, out of air into gloss, will be 38 50 ; on which prin¬ 
ciple Zabnius has constructed a table of those refractions 
for the several degrees of the angle of inclination ; a spe¬ 
cimen of whicl\ here follows: 


REF 


C 299 ] 


REE 


Angl^ of In¬ 
clination. 

Refracted Angle. 

Angle 

: of Refrac¬ 
tion. 

i° 

0° 

40' 

5" 

0° 

19' 

. .»/ 
03 

2 

i 

20 

6 

0 

39 

54 

3 

2 

0 

4 

0 

59 

56 

4 

o 

40 

5 

1 

19 

55 

5 

3 

20 

3 

1 

39 

57 

10 

6 

S9 

16 

3 

20 

44 

20 

13 

li 

35 

6 

48 

25 

30 

>9 

29 

29 

10 

30 

31 

45 

28 

9 

19 

16 

50 

41 

90 

41 

5l 

40 

48 

8 

20 


Hence it appears, that if the angle of inclination be less 
than 20°, the angle of refraction out of air into glass is al¬ 
most 1 of the angle of inclination ; and therefore a ray is 
refracted to the axis of refraction by almost a third part 
of the quantity of its angle of inclination. And on this 
principle it is that Kepler, and most other dioptrical 
writers, demonstrate the refractions in glasses ; though in 
estimating the la\y of these refractions he followed the ex¬ 
ample of Alhazcn and Vitello, and sought to discover it in 
the proportion of the angles, and not in that of the sines, 
or cosecants, as discovered by Snell. 

The refractive powers of several substances, as deter¬ 
mined by different philosophers, may be seen in the fol¬ 
lowing tables; in which the ray is supposed to pass out of 
air into each of the substances, and the annexed numbers 
show the ratio to unity or 1, between the sines of the angles 
of incidence and refraction. 

1. By Sir Isaac Newton's Observations. 


Air 

- 

* - 

0-9997 

Rain wafer 

- 

- 

1-3358 

Spirit of wine 

- 

- 

1.3698 

Oil of vitriol 

- 

- 

1-4285 

Alum 

- 

• 

1-4577 

Oil of olive 

- 

- 

1-4666 

Borax 

- 

- 

l -4667 

Gum arabic 

- 

- 

1-4771 

Linseed oil 

- 

- 

1*4814 

Selenitcs 

- 

• 

1-4878 

Camphor 

- 

- 

1-5000 

Dantzick vitriol 

- 

- 

1*5000 

Nitre 

- 

- 

1-5238 

Sal gem 

- • 


1-5455 

Glass 

- 

- 

1-5500 

Amber 

• 

- 

1-5556 

Rock crystal 

- 

- 

1-5620 

Spirit of turpentine 

m 

1-5625 

A yellow pseudo-topaz 

mm 

1-6429 

Island crystal 

- 

- 

1-6666 

Glass of antimony 


• 

1-8889 

A diamond 

1 * . 

- 

2-4390 

2. By Mr. Hawksbec. 

• 

Water 

- 

m 

J-3359 

Spirit of honey 

- 

m 

1-3359 

Oil of amber 

- 

- 

1-3377 

Human urine 

- 

- 

1-3419 

White of an egg 

m 

»*t | 

- 

1-3511 

French brandy 

% 

- 

1-3625 

Spirit of wine 

- 

# '< 

1.3721 

Distilled vinegar 


' - 

1-3721 

Gum ammoniac 

- 

- 

1-3723 

Aqua regia 

m 

- 

1.3898 


Aquafortis - . 1*4044 

Spirit of nitre - - 1*4076 

Crystalline humour of an ox's eye 1.4635 
Oil of vitriol - - 1.4262 

Oil of turpentine - - 1*4833 

Oil of amber - - 1*5010 

Oil of cloves - - I "5136 

Oil of cinnamon - - 1*5340 

3. By Mr. Euler, junior. 

Rain or distilled water - 13358 

Well water - - 1*3362 


Distilled vinegar - - 1*3442 

French wine - - 1*3458 

A solution of gum arabic - ]*34'i7 

French brandy - - 1*3000 

Ditto a stronger kind - 13618 

Spirit of wine rectified - 1*3683 

Ditto more highly rectified 1*3706 

White of an egg - - 1*3685 

Spirit of nitre - - 1.4025 

Oil of Provence - - 1.46*51 

Oil of turpentine - - 1*4822 

III. When a ray passes out of a denser medium into a 
rarer, it is refracted from the perpendicular, or from the 
axis of refraction. 


This is exactly the reverse of the 2d law, and the quan¬ 
tity of refraction is equal in both cases, or both forwards 
and backwards; so that a ray would take the same course 
back, by which another passed forward, viz, if a ray were 
to pass from a by b to c, another would puss from c by b 
to a. Ilence, in this case, the angle of refraction is greater 
than the angle of inclination. And also, if the angle of 
inclination be less than 30°, mbc is nearly equal to { of 
mbe; therefore mbc is \ of cbk ; consequently, if the 
refraction be out of glass into air, and the angle of incli¬ 
nation less than 30°, the ray is refracted from the axis of 
refraction by almost the half of the angle of inclination. 
And this is the other dioptrical principle used by most 
authors after Kepler, to demonstrate the refractions of 
glasses. 

If the refraction be out of air into glass, the ratio of the 
sines of inclination and refraction is as 3 to 2, or more ac¬ 
curately as 17 to 11; if out of air into water as 4 to 3; 
therefore if the course be the contrary way, viz, out of glass 
or water into air, the ratio of the sines will be, in the for¬ 
mer case as 2 to 3 or 11 to 17, and in the latter as 3 to 
4. So that, if the refraction be from water or glass into 
air, and the angle of incidence or inclination be greater 
than about 48| degrees in water, or greater than about 
40° in glass, the ray will not be refracted into air; but 
will be reflected into a line which makes the angle of re¬ 
flection equal to the angle of incidence ; because the sines 
of 481 and 40° arc to the radius, as 3 to 4, ami as 1 i to 
17 nearly ; and therefore, when the sine has a greater 
proportion to the radius than as above, tho ray will not be 
refracted. , 

. IV. A ray falling on a curve surface, whether concave 
or convex, is refracted after the same manner as if it fell 
on a plane which is a tangent to the curve in the point 
of incidence. Because the curve and its tangent have 
the point of contact common to both, where the ray is 
refracted. 

Laws of Refraction in Plane Surfaces. 

1 . If parallel rays, ab and cd, be refracted out of ono 
transparent medium into another of' a different density, 

2 Q 2 
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they will continue parallel after refraction, as be and dp. 
Hence a glass that is plane on both sides, being turned 
cither directly or obliquely to the sun, &c, the light pass¬ 
ing through it will be propagated in the same manner as 
it the gl;iv> were away . 



2. If two rays cd and ep, proceeding from the same 

radiant c, and falling on a plane surface of a different 
density, so that the points of refraction n and r be equally 
distant from the perpendicular of incidence ok, the re¬ 
fracted rays nr and pq have the same virtual focus, or 
the same point of dispeision o.—Hence, when refracted 
rays, falling on the eye placed out of the perpendicular 
ol incidence, are either equally distant from the perpen¬ 
dicular, or very near each other, they will flow upon the 
eye as if they came to it from the point c. ; consequently 
the point c will be seen by the refracted rays as in o.* 
Ami hence also, if the eye be placed in a dense medium, 
objects in a rarer will appear more remote than they arc; 
and the place of the image, in any case, may be deter¬ 
mined from the ratio of refraction : Thus, to fishes swim¬ 
ming under water, objects out of the water must appear 
farther distant than in reality they arc. But on the con- 
rrary, if the rye at k be placed in a rarer medium, then 
an object g placed in a denser, appears, at c, nearer 
ahan it is; and the place of the image may be determined 
jn any given case by the ratio of refraction; and thus the 
outturn of a vessel full of water is raised by refraction a 
third part of its depth, with respect to an eye placed per¬ 
pendicularly over the refracting surface ; and thus also 
fishes and other bodies, under water, appear nearer than 
they really arc. • f 

3. If the eye be placed in a rarer medium ; then an ob¬ 
ject seen in a denser, by a ray refracted in a plane sur¬ 
face, will appear larger than it really is. But if the eye 
be in a denser medium, ami the object in a rarer, the ob¬ 
ject will appear less than it is. And in each case, the 
apparent magnitude fq is to the real one EH, us the 
rectangle ck.gl to gk.cl, or in the compound ratio of 
the distance ck of the point to which the rays tend before 
refraction, from the refracting surface dp, to the distance 
gk of the eye from the same, and of the distance gl of 
the object eh from the eye, to its distance cl from the 
point to which the rays tend before refraction.—Hence, if 
the object be very remote, cl will be physically equal to 
gl ; and then the real magnitude el is to the apparent 
magnitude fl, as ok to ck, or as the distance of the eye 
o from the refracting plane, to the distance of the point 
of convergence f from the same plane. And hence also, 
objects under water, to an eye in the air, appear larger 
than they are; and to fishes under wuter, objects in the 
air appear less than they are. 

Laws qf Refraction in Spherical Surfaces , both concave 

and convex . 

1 . A ray of light lb, parallel to the axis, after a 
single refraction at v. r meets the axis in the point F, be¬ 
yond the centre Cw 


2. Also in that case, the semi- N D 
diameter CD or CK will be to the re¬ 
fracted ray EF, as the sine of the 
angle of refraction to the sine of the 
angle of inclination bce. But the 
distance of the focus, or point of con¬ 
currence from the centre, cf, is to 
the refracted ray EF, as the sine of 
the refracted angle to the sine of the 
angle of inclination. 

c* I 

3. Hence also, in this case, the distance bf of the focus 
from the refracting surface, must be to cf its distance 
from the centre, in a ratio greater than that ot the sine 
of the angle of inclination to the sine of the refracted 
angle. But those ratios will be nearly equal when the rays 
are very nrar the axis, and the angle ol inclination bce is 
only of a few degrees. And when the refraction is out of 
air into glass, then 



For rays near the axis, 
bf : fc : : 3 : 2, 
bc : bf : : 1 : 3. 


For more distant rays, 
bf : fc > 3 : 2, • 
bc : bf < 1:3. 


But if the refraction bc out of air into water, then 


For rays near the axis, 
bf : fc : : 4 : 3, 
bc : bf : : 1 : 4. 


For more distant rays, 
bp : fc > 4:3, 
bc : bf < 1 : 4. 


Hence, as the sun's rays are parallel as to sense, if they 
fall on the surface of a solid glass sphere/ or of a sphere 
full of water, they will not meet the axis within the sphere: 
so that Vitcllo was mistaken when he imagined that the 
sun’s rays, falling on the surface of a crystalline sphere, 
were refracted to the centre. 

4. If a ray H E fall parallel to the axis fa, out of a rarer 
medium, on the concave spherical surface be of a denser 
one; the refracted ray en will diverge from the point of 
the axis r, so that fb will bc to FC, in the ratio of the 
sine of the angle of inclination, to the sine of the refracted 
angle. Consequently fb to fc is in a greater ratio than 
that; unless when the rays arc very near the axis, and the 
angle bce is very small, for then fb will bc to fc nearly 
in that ratio. And hence, in the cases of refraction out 
of air into water or glass, the ratios of bc, bp and cf, will 
be the same as specified in the last article* 

5. If a ray de, parallel to the axis 
fc, pass out of a denser into a rarer 
spherical convex medium, it will di¬ 
verge from the axis after refraction ; 
and the'distance fc of the point of 
dispersion, or of the virtual focus f, 
from the centre of the sphere, will bo 
to its semidihmoter cr or cb, as-the 
sine of the refracted angle is to the- 
sine of the angle of refraction; but to 
the portion of: the refracted ray drawn back, pb, it will be 
in the ratio of the sine of the refracted angle to the sine of 
the angle of inclination. Consequently pc will be to FB r 
in a greater ratio than- this last: unless when the rays de 
fall very near the axis PC, for then PC to fb will be very 
nearly in that ratio. 

Hence, when refraction is out of glass into air; then* 

For rays near tho axis, I For more distant rays, 
pc : pb iA 3:2, j pc : pb > 3 t 2, 

But when the retraction is out of water into, air ; then,. 
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for rays near the axis, For more distant rays, 

fc : i'B : : 4 : 3, fc : fd > 4 : 3, 

bc : bf : : 1 : 3. bc : bf > 1 : 3. 

6. If the ray he fall parallel to the axis cf, from a 
denser medium, upon the surface of a spherically concave 
rarer one ; the retracted ray will meet with the axis in the 
point f, so that the distance cf from the centre, will be 
to the refracted ray fe, as the sine of the refracted angle, 
to the sine of the angle of inclination. Consequently fc 
will be to fb, in a greater ratio than that above mentioned : 
unless when the rays are very near the axis, for then ic 
is to fb very nearly in that ratio; and the three fb, FC, 
bc arc, in the cases of air, water, and glass, in the numeral 
ratios as specified at the end of the last article, bee Wol- 
fius, Elern. Mathcs. tom. 3, pa. 17f> &c. 

Refraction in a Glass Prism. 
abc being the transverse section of a prism ; if a ray of 
light de fall obliquely upon it out of the air; instead of 
proceeding straight on to r, being refracted towards the 


X 





perpendicular ie, it will decline to o. Again, since the 
ray eg, passing out of glass into air, falls obliquely on bc, 
it will be refracted to m, so as to recede from the per¬ 
pendicular go. And hence arise the various phenomena 
of the prism. See Colour. 

Refraction in a Convex Lens. 

If parallel rays, ad, cd, ep, fall on the surface of a con¬ 
vex lens xbz (the last fig. above) ; the perpendicular ray 
ytB will pass unrefracted to K, where emerging, as before, 
perpendiculaily, into air, it will proceed straight on to g. 
But the rays cd and ef, falling obliquely out of air into 
glass, at D and f, will bc refracted towards the axis of re¬ 
fraction, or towards the perpendiculars at D and p, and 
to decline to q and p : where emerging again obliquely 
out of the glass into the surface of the air, they will be 
refracted from the perpendicular, and proceed in the di¬ 
rections qg and pg, meeting in g. And thus also will all 
the other rays be refracted so as to meet the rest near the 
place g. See Focus and Lens. —Hence the great pro¬ 
perty of convex glasses; viz, that they collect parallel 
rays, or make them converge into a point. 

Refraction in a Concave Lens . 

Parallel rays ab, cd, ef, falling on a concave lens 
o BinMK, the ray ab falling perpendicularly on the glass 
at b, will pass unrefracted to m ; where, being still per¬ 
pendicular, it will pass into the air to l, without refrac¬ 
tion. But the ray cd, falling obliquely on the surface of 



the glass, will be refracted towards the perpendicular at 
D, and proceed to q ; where again falling obliquely out of 
the glass upon the surface of air, it will be refracted from 
the perpendicular at q, and proceed to v. After the same 
manner the ray ef is first retracted to v, and thence toz. 
— Hence the great property of concave glasses ; viz, that 
they disperse parallel rays, or make them diverge, bee 
Lens. 

Refraction in a Plane Glass . 

If parallel rays ef, gii, ik, (the last tig. above) fall ob¬ 
liquely on a plane glass a BCD ; the obliquity being the same 
in all, by reason of their parallelism, they will be all 
equally refracted towards the perpendicular; and accord¬ 
ingly, being still parallel at w, o, and q, they will pass 
out into the air equally refracted again from the perpen¬ 
dicular, and still parallel. Thus will the rays ef, gii, and 
ik, at their entering the glass, be inflected towards the 
right; and in their going out as much inflected to the left ;. 
so that the fiist refraction is here undone by the second, 
thereby causing the rays on their emerging from the glass, 
to be parallel to their first direction before they entered it; 
though not so as that the object is seen in its true place; 
for the ray uq, being produced back again, will not coin¬ 
cide with the ray ik, but will fall to ihc right of it ; and 
this the more as the glass is thicker ; however, as to the 
colour, the second refraction does really destroy the first. 
See Colour. 

Refraction in Astronomy , or Refraction of the 
Stars , is an inflexion of the rays of those luminaries, in 
passing through our atmosphere; by which the apparent 
altitudes of the heavenly bodies are increased. This re¬ 
fraction arises from hence, that the atmosphere is un¬ 
equally dense in different stages or regions ; rarest of all 
at the top, and densest of all at the bottom ; which in¬ 
equality in the same medium, makes it equivalent to se¬ 
veral unequal mediums, by which the course of the* ray 
of light is continually bent into a continued curve line. 
See Atmosphere. —And Sir Isaac Newton has shown, 
that a ray of light, in passing from the highest and rarest 
part of the atmosphere, do\\i\ to the lowest and deuscst, 
undergoes the same quantity of refraction that it would 
do in passing immediately, at the same obliquity, out of 
a vacuum into air of equal density with that in the lowest 
part of the atmosphere. 

'I hc effect of ibis refraction may be thus conceived. 
Suppose zv a quadrant of a vertical 
circle described from the centre of the 
earth t, under which is ab a qua¬ 
drant of a circle on the surface of 
the earth, and gii a quadrant of the 
surface of the atmosphere. Then, 
suppose se a ray of light emitted by 
a star at s, and falling on the atmo¬ 
sphere at e : this ray coming out of the ethereal medium,, 
which is much rarer than our air, or perhaps out of a. 
perfect vacuum, and falling on the surface of the atmo¬ 
sphere, will bc refracted towards tho perpendicular, or* 
inclined* down more towards the earth ; and since the up¬ 
per strata of air arc rarer than those near the earth, and 
becomes still denser as they approach the earths surface,, 
the ray in its progress will be continually refracted, so* 
as to arrive at the eye in the curve line ea. Then sup¬ 
posing the right line af to bc a tangent to the arch at a,. 
the ray will enter the eye at a in the direction of af 
and therefore the star will appear in the heavens at q, 
instead of s y higher 6r nearer the zenith than it really is.— 
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Hcncc arise the phenomena of the cropusculum or twi¬ 
light; and hence also it is that the moon is sometimes 
seen eclipsed, when she is really below the horizon, and 
the sun above it. 

That there is a real refraction of the stars &c, is de¬ 
duced not only from physical considerations, and from 
arguments a priori, and a siniilitudinc, but also from pre¬ 
cise astronomical observation; for there arc numberless 
observations by which it appears that the sun, moon, and 
stars rise much sooner, and appear higher, than they 
should do according to astronomical calculations. Hence 
it is argued, that as light is propagated in right lines, no 
rays could reach the eye from a luminary below the hori¬ 
zon, unless they were deflected out of their course, at 
their {entrance into the atmosphere; and therefore it ap¬ 
pears,, that the rays arc refracted in passing through the 
atmosphere. 

cnee the stars appear higher by refraction than they 
lly are; so that to bring the observed or apparent al- 
1 Hides to the true ones, the quantity of refraction must 
be subtracted. And hence, some ol the ancients, as they 
were not acquainted with this refraction, reckoned their 
altitudes too great, so that it is no wonder they some¬ 
times committed considerable errors. Hence also, refrac¬ 
tion lengthens the day’, and shortens the night, by making 
the sun appear above the horizon a little before his rising, 
and a little afier his setting. Refraction also makes the 
moon and stars appear to rise sooner and set later than 
they really do. The apparent diameter of the sun or 
moon is about 32'; the horizontal refraction is about 33'; 
whence the sun and moon appear wholly above the hori¬ 
zon when they are entirely below it. Also, from observa¬ 
tions it appears that the refractions arc greater nearer the 
pole than at lesser latitudes, which causes the sun to ap¬ 
pear some days above the horizon, when he is really be¬ 
low it; doubtless from the greater density of the atmo¬ 
sphere, and the greater obliquity of the incidence. 

Stars in the zenith arc not subject to any refraction ; 
and those in the horizon have the greatest ot all ; the re¬ 
fraction continually decreasing from thence to the zenith. 
All which follows from hence, thnt in the first case, the 
rays arc perpendicular to the medium ; in the second, 
their obliquity is the greatest, and they pass through the 
largest space of the lower and denser part of the air, and 
through the thickest vapours; and in the third, the obli¬ 
quity i 6 continually decreasing. 

The air is condensed, and consequently refraction is 
increased, by cold ; for which reason it is greater in cold 
countries than in hot ones. It is also greater in cold \Cea- 
thcr than in hot, in the same country ; and the morning 
refraction is greater than that of the evening, because the 
air is rarefied by the heat of the sun in the day, and con¬ 
densed by the coldness of the night. Refraction is also 
subject to some small variation at the same time of the 
day in the finest weather. 

At the same altitudes, the sun, moon, and stars all un¬ 
dergo the same refraction : for at equal altitudes the in¬ 
cident rays have the same inclinations; and the sines of 
the refracted angles are ns the sines of the angles of in¬ 
clination, &c. 

Ptolemy, Alhazcn, and Vitello, were all acquainted 
with this refraction, having given many observations on 
it, though imperfect on the score of accuracy. But Ty¬ 
cho Brnh4, who deduced the refractions of the sun, moon. 
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Flamsteed and Newton, except near the horizon, makes 
the solar refractions about 4' greater than those of the 
fixed stars, and the lunar refractions also sometimes 
greater than those of the stnrs, and sometimes less. But 
the theory of refractions discovered by Snell, was not 
fully understood in his time. 

The horizontal refraction, being the greatest, is the 
cause that the sun and moon appear of an oval form at 
their rising and setting; for the lower edge of each being 
more refracted than the upper edge, the perpendicular 
diameter is shortened, and the under edge appears more 
flatted also. —Hence also, if we take with an instrument 
the distance of two stars when they arc in the same ver¬ 
tical and near the horizon, we shall find it considerably 
less than if we measure it when they arc both at such a 
height as to suffer little or no refraction ; because the 
lower star is more elevated than the higher. There is 
also another alteration made by refraction in the appa¬ 
rent distance of stars : when two stars are in the same 
almacnntar, or parallel of declination, their apparent 
distance is less than the true; for since refraction 
makes each of them higher in the azimuth or vertical 
in which they appear, it must bring them into parts 
of the vertical where they come nearer to each other ; 
because all vertical circles converge and meet in the ze¬ 
nith. This contraction of distance, according to Dr. 
Halley (Philos. Trans, numb. 368) is at the rate of at 
least one second in a degree; so that, if the distance be¬ 
tween two stars in a position parallel to the horizon mea¬ 
sure 30°, it is at most to be reckoned only 29° 59 f 30". 

The quantity of the refraction at every altitude, from 
the horizon, where it is greatest, to the zenith where it is 
nothing, has been determined by observation, by many 
astronomers; those of Dr. Bradley and Mr. Mayer arc 
nearly alike, and have been used by most astronomers. 
Doctor Bradley, from his observations, deduced this very 
simple and general rule for the refraction r at any alti¬ 
tude a whatever; viz, as rad. 1 ; cotang, a + 3r :: 57* : 
t" the refraction in seconds ; that is, refr. r = 57 x cot. 
(a + 3r), or, which is the same, refr. r == 57 ' x tan. 
(s —3r), where z is the zenith distance. 

This rule, of Dr. Brudlcy’s, is adapted to these state* 
of the barometer and thermometer, viz, 

either 29’6 inc. barom. and 50° thermometer, 
or 30 — barom. and 55 thermometer, 

for both which states it answers equally the same. But 
for any other states of the barometer and thermometer, 
the refraction above-found is to bo corrected in this man¬ 
ner, viz, by cither of the two following rules, the first of 
them given by Dr. Maskelyne, and tho 2d by Dr. 
Brinkley. 


Refrac. = 
Rcfrac. = 


•jj o 
/• 

aa-fl 


tan. (z — 3r) x 57" * 


400 
350+i* 


500 


450-hi 


tan. (t —3*2r) x 56"'9 

Where b = altitude of barometer in inches, 

t = height of Fahrenheit's thermometer in deg. 
r = 57 " tan. z the appar. zenith disk 

From Dr. Bradley’s rule, r = 5 7" * cot. (fl + Sr) was 
computed the tablo of mean astronomical refractions, 
given in pa. 1 of Dr. Maskelyne’s requisite tables. : 

M. Laplace gave also a rule for the refractions, in vol. 
4 of bis Mccaniquo Celeste. He first assumed it of the 
same form as Dr# Bradley's, viz, r x cot* (a+nr) 
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and stars from good observations, and whose table of the = tn x tan. (z—nr), with general coefficients i , 

refractions of the stars is not much different from those of be determined by comparing this general tormuia wi 
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(wo observations ; where a denotes the true altitude, or 
z the true zenith distance, and r the refraction. Besides 
determining these co-efficients, m, n, more accurately, 
than in Dr. Bradley’s rule, he also reduced the result to 
a more convenient form for use, which is expressed by 
this general equation, * 997651/5 sin z = sin (z — Sr). 
But by computation 1 find that the first numeral co-efli- 
cient ought more correctly to be * 997684 , and then the 
rule will be *99/6*84 sin z = sin (z — 8r). That is, to use 
it, multiply the sine of the true zenith distance by '997684 , 
or add their logarithms, the result will be the sine of the 
other arc (z —8r); therefore subtract this last arc from 
z, the remainder will be 8r, which therefore divided by 8, 
gives r the fraction sought. By this rule then the num¬ 
bers in the following table have been calculated, though 
the apparent altitudes are set down in the table, in order 
to adapt it to the purposes of observation. 

Table of Refractions — Barom. 29 92. Therm . 54°. 


Ah it. 
appar. 

Refrac¬ 

tion*. 

Ahit. 

appar. 

frac¬ 

tion*. 

Alt. 

Refrac- 

litilii. 

Alt. 

app. 

Re¬ 

fract. 

o Q o' 

)3' 

46-3" 

7* o 

7' 

24-8" 

14 l 

3» 49 h" 

56 

39 3 " 

10 

31 

543 

10 

7 

15-3 

15 

i 

34 3 

37 

J7-8 

20 

.30 

93 

20 

7 

6-3 

16 

3 

20 6 

58 

id- 4 

30 

28 

321 

30 

6 

57*7 

17 

3 

8-5 

39 

15 0 

40 

27 

2*2 

40 

6 

496 

18 

2 

57 6 

60 

336 

50 

25 

38 0 

50 

6 

41*9 

19 

2 

47 7 

6l 

523 

1 o 

24 

21-2 

8 0 

0 

34-4 

20 

•) 

388 

62 

31*0 

10 

.’3 

90 

10 

6 

27 1 

21 

2 

30-6 

63 

29 7 

20 

22 

34 

. 20 

6 

200 

22 

2 

232 

64 

28-4 

30 

21 

1-9 

30 

6 

13-1 

23 

2 

16-5 

65 

-7 2 

40 

20 

4-8 

40 

6 

0 4 

24 

■> 

** 

102 

66 

259 

50 

19 

11-3 

50 

5 

399 

25 

2 

4-3 

67 

247 

2 0 

18 

22 •*? 

9 0 

5 

53.6 

26 

1 

58 9 ! 

68 

23-5 

10 

17 

363 

10 

5 

47 4 

27 

1 

53 9 

69 

22-4 

20 

16 

532 

20 

5 

415 

28 

l 

492 

70 

21*2 

30 

16 

13-4 

30 

5 

358 

29 

l 

44'8 

71 

’00 

40 

15 

360 

40 

5 

30-3 

30 

l 

40-6 

.72 

18-g 

50 

15 

0'9 

50 

5 

250 

31 

1 

36 7 

73 

17*8 

3‘ 0 

14 

28-1 

10 0 

5 

19-8 

32 

1 

331 

74 

167 

10 

13 

57*3 

10 

*» 

3 

147 

33 

1 

2 96 

75 

156 

20 

13 

28-5 

20 

5 

97 

34 

1 

26-2 

76 

14 5 

30 

13 

1-3 

30 

0 

J 

49 

35 

1 

23-1 

77 

135 

40 

12 

35-6 

40 

5 

03 

36 

1 

20-1 

78 

124 

50 

12 

11-3 

50 

4 

55 9 

37 

1 

17*2 

79 

ITS 

4 0 

1 1 

48-3 

11 0 

4 

51*7 

38 

1 

144 

80 

103 

10 

11 

26-6 

10 

4 

47-6 

39 

1 

1 1-8 

81 

92 

20 

11 

6l 

20 

4 

436 

40 

1 

93 

82 

82 

30 

10 

467 

30 

4 

396 

41 

1 

69 

83 

7 2 

40 

10 

28-3 

40 

4 

35-7 

42 

1 

4-6 

84 

6-1 

50 

10 

109 

50 

4 

31 8 

43 

1 

2-4 

85 

5 1 

5 0 

9 

54-3 

12 0 

4 28 0 

44 

1 

0-3 

86 

4 1 

10 

9 

384 

10 

4 ‘24 3 

45 

0 

58-2 

87 

3 1 

20 

9 

234 

20 

4 

207 

46 
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Mr. Ma>er savs his rule was deduced from theory, and 

. . . * 

when reduced from French measure and Reaumur** ther¬ 
mometer, to English measure and Fahrenheit's thermome¬ 
ter, it is this, 

“■T-lf* x co %. a x tang. 4 a 

r =----—— the refraction in seconds, cor- 

(I + -00-2-1 b/; } 9 

reeled for both barometer and thermometer: where the 
letters denote the same things as before, except a, which 

, . . , . . 1 + '002 

denotes the angle whose tangent is -- 

Mr. Simpson too (Dissert, pa. 46 &c) ingeniously de¬ 
termined by theory the agronomical refractions, from 
which he formed this rule, viz, As 1 to *9986* or as radius 
to sine of S6 D 5S 1 30 n , (or rather 4 r ,) so is the sine of any 
given zenith distance, to the sine of an arc ; then T * T of 
the difference between this arc and the zenith distance, is 
the refraction sought for that zenith distance. And by 
this rule Mr. Simpson computed a table of the mean re¬ 
fractions, which are not much different from those of Dr. 
Bradley and Mr. Mayer, being uniformly a few seconds 
less in every case. 

Besides the above, the public have been favoured with 
other rules, deduced from numerous observations, made by 
Ste. Groom bridge, esq. of Blackhcath, a gentleman of for¬ 
tune, who very laudably amuses himself, and benefits 
science, by cultivating the practice of astronomy. The 
results of extensive series of observations on astronomical 
refractions, he has given in two volumes of the Philos. 
Trans, both in general rules and large tables of results, 
differing but very little from those above inserted, and that 
chiefly in the refractions very near the horizon. In the 
former volume, viz I bat for the year 1810, Mr. Groom- 
bridge's rule for the mean refraction is 58"*1192 * tang, 
(z — 3*3625r), where z is the zenith distance, and r an 
assumed near value of the refraction. But after numerous 
other observations, especially on stars at very low alti¬ 
tudes, in the vol. for 1814, Mr. G. by further corrections, 
reduces the rule to this form, viz, the mean refraction 
= 58*13296*7 x tang, (z — 3*6342936) ; from which he 
has calculated an extensive table of refractions, for eVcry 
10 'of altitude; accompanied with other tables, showing 
the corrections on account of the difference of the baro¬ 
meter and thermometer from their mean states. 

It is evident that all observed altitudes of the heavenly 
bodies ought to be diminished by the numbers taken out 
of the foregoing tables. It is also evident that the refrac¬ 
tion diminishes the right and oblique ascensions of a star, 
and increases the descensions: it increases the northern 
declination and latitude, but decreases the southern : in 
the eastern part of the heavens it diminishes the longitude 
of a star, but in the western part it increases the same. 

Refraction qf Altitude , is 
an arc of a vertical circle, as 
ab, by which the altitude of 
a star ac is increased by the 
refraction. 

Refraction of Ascension 
and Dcscension , is an arc de 
of the equator, by tfhich the 
ascension and dcsccnsion of a 
star, whether right or oblique, 
is increased or diminished by 
the refraction. 

Refraction of Declination , is an arc bf of a circleof 
declination, by which the declination of a star pa or ef is 
increased or diminished by refraction. 
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Refraction of Latitude is an arc ag of a circle of la¬ 
titude, by which the latitude of a star ah is increased or 
diminished by the refraction. 

RmuCTioN of Longitude, is an arc ill of the ecliptic, 
by which (he longitude of a star is increased or diminished 
by means of the refraction. 

Terrestrial Refraction, is that by which terrestrial 
objects appear to be raised higher than they really are, in 
observing their altitudes. The quantity of this retraction 
is estimated by Dr. .Maskelyne at one-tenth of the distance 
of the object observed, expressed in degrees of a great 
circle. So, if the distance be 10000 fathoms, its 10th part 
1000 fathoms, is the 00th part of a degree of a great circle 
on the earth, or l', which therefore is the refraction in the 
altitude of the object at that distance* (Requisite Tables, 
17(>Y), pa. 1 3 !)• 

But INI. Legend re is induced, he says, by several expe¬ 
riments, to allow only T * T th part of the distance for the re¬ 
fraction in altitude, bo that, on the distance of 10000 
fathoms the 14th part of which is 714 fathoms, he allows 
only 44" of terrestrial refraction, so many being contained 
in the 714 fathoms. See his Memoir concerning the Tri¬ 
gonometrical operations, &c. 

Again, M. Dehunbrc, an ingenious French astronomer, 
makes the quantity of the terrestrial refraction to be the 
I 1th part of the arch of distance. But the English mea¬ 
surers, Col. Edw. Williams, Capt. Mudge, and Mr. Dalby, 
from a multitude of exact observations made by them, de¬ 
termine the quantity of the medium refraction to he the 
12th part of the said distance. The quantity of this re¬ 
fraction, however, is found to vary considerably, with the 
different states of the weather and atmosphere, from the 
15th part of the distance, to the 9th part of the same; the 
medium of which is the 12th part, as above mentioned. 

Some whimsical effects of this refraction are also related, 
arising from peculiar situations and circumstances. Thus, 
it is said, that any person standing by the side of the river 
Thames at Greenwich, when it is high-water there, can see 
the cattle grazing on the Isle of Dogs, which is the marshy 
meadow on the other side of the river at that place; but 
when it is low water, he cannot see any thing of them, as 
they are hid fronrhis view by the land wall or bank on the 
other side, which is raised higher than the marsh, to keep 
out the waters of the river. This curious effect is proba¬ 
bly owing to the moist and dense vapours, just above and 
rising from the surface of the water, being raised higher or 
lifted up with the surface of the water at the time of high 
tide, through which the rays pass, and arc the more re¬ 
fracted. 

In like manner, Calais sometimes is seen from the sea 
side at Dover. 

And other more extraordinary circumstances have been 
communicated in the following letter from an ingenious 
friend, Mr. John Andrews. 

An account of some remarkable appearances arising from 

Terrestrial Refraction. 

In the year 1792, at Trainc, near Modbury, in Devon, 
for the purpose of obtaining an improved prospect from 
the garden, a railed platform was erected among the 
branches of a large spreading laurel-tree, to which was 
given the name of The Laurel Mount.—It was furnished 
with chairs, &c, and had moveable staffs, made convenient 
for resting a telescope at different elevations, so as to form 
a kind of observatory, for viewing both celestial and ter¬ 
restrial objects.—Some time after its erection, it was unex¬ 


pectedly discovered that the pinnacles and flag-staff, on 
the tower of Maker Church, west of Plymouth Sound, 
(where signals are made of the ships which pass by that 
harbour,) might be seen with a telescope, just appearing 
above the horizon, distance from hence about 12 miles. 
This object, being frequently looked at, was perceived to 
appear at certain times higher than usual ; and some of 
the parapet of the tower (below the pinnacles) was evi¬ 
dently seen above the horizon, which was not the case in 
general ; and which, being considered as a curious and re¬ 
markable circumstance, occasioned the object to be more 
frequently and more attentively observed. It was found 
that the morning was the time best suited for these ap¬ 
pearances, which in certain instances were much more re¬ 
markable and striking than in others ; and that not only 
the tower, but the scenery of the country, at different di¬ 
stances between it and the place of observation, was in 
like manner affected by the peculiar state of the atmo¬ 
sphere.—The figures on the plate (plate 30), with the re¬ 
ferences underneath,.will help to explain the following de¬ 
scriptions. 

The first instance of this sort occurred on the 9th of 
January 1794* a little after sunrise; the weather bright, 
with hard frost, and thick hoary incrustations.—-At this . 
time half or more of the shaft of the tower appeared con¬ 
spicuously above the horizon ; its height and appearance 
frequently varying; sometimes the pinnacles were scarce 
discernible, and the whole body seemed to be solid ; when 
presently the pinnacles would begin to appear again, as if 
growing suddenly out of the body of the tower, and shoot¬ 
ing up to a greater length than they are of in reality. 
The horizon itself was also subject to the like mutations, 
and the trees in Mount Edgcumbe Park, (which is just 
below the tower,) were sometimes more and sometimes less 
elevated, and sometimes not visible at all. The interve¬ 
ning scenery assumed the appearance represented in the 3d 
figure on the plate ; objects before concealed by the ho¬ 
rizon were elevated considerably above it. Among these 
was a conical object, supposed then to be a large edifice; 
and which was, in two journeys for that purpose, searched 
for in vain ; but, being afterwards seen again, from the 
Mount, altered in size and shape, was found, on a third 
journey, to be a mow of hay, and was the means of ascer¬ 
taining the situation of the range of ground at cc, whereon 
it stood, which might not have been easily done otherwise. 
It was therefore an object of some importance, and is 
shown in the 3d drawing at g. The enlargement of the 
prospect was so very singular and striking, as to seem al¬ 
most as if produced by enchantment. 

At this time another phenomenon was observed, which 
I could scarce believe to be real, till on the 27th of Sep¬ 
tember following it was confirmed by another instance. 
This was a fluctuating appearance of two horizons, ono 
above the other, with a complete vacancy between them* 
like what is sometimes observed in looking through an un¬ 
even pane of glass. On the day last mentioned, about 6 
in the morning, tllfe horizon being perfectly clear, the pin¬ 
nacles of tlje tower were observed to have u taller appear¬ 
ance than ordinary ; and at about half an hour past 6 , a 
flag being hoisted on the staff, (which is considerably 
higher than the pinnacles,) the latter appeared to reach 
farther up towards the flag than they usually did. They 
also continually varied their appearance, being sometimes 
longer and sometimes shorter, and sometimes* ol unequal 
lengths; and at other times they could not be seen at all, 
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though the flag still continued visible, and was seemingly 
unaffected. In one of these intervals (of the pinnacles dis¬ 
appearing), the horizon at c c being perfectly clear, 1 be¬ 
gan to discern over it a faint stratum of vapour, the up¬ 
per boundary of which (unevenly terminated) passed just 
below the flag, which seemed as if in a kind of insulated 
state. Soon afterwards the stratum extended itself higlu-r, 
and the flag also became invisible; but in a little while 
the whole appeared again, when the parapet, pinnacles, 
and staff, seemed all to have a long and tall appearance, 
and the flag also to be altered in form from what it had 
before the extension of the stratum. Not long alter this 
I observed the intervening horizon c c begin to be some¬ 
what obscured, the wind probably wafting the stratum ol 
vapour over it, and this obscyrity increasing extended it¬ 
self over all the ground at c c, which, (as well as the 
tower, &c) I then conceived to have a higher elevation 
than before. The vapour continuing to increase, it be¬ 
came ^o dense at 40 minutes after 7, as to hide all those 
objects from my sight, though the hill b , and other parts of 
the horizon, remained exceeding clear. 

Another very remarkable instance was observed on the 
6th of January 1795, at which time the elevation of the 
objects was equal to that represented in the 3d drawing, 
and the phenomenon of the double horizon very distinctly 
observed both by my brother and myself. The appear¬ 
ances were continually varying and intermitting, but not 
rapidly, so that sufficient time was afforded for ascertaining 
their reality beyond a doubt. The vacant line of separa¬ 
tion (having the appearance of a whitish stratum of va¬ 
pour), would often increase its breadth, so as to efface en¬ 
tirely the uppermost of the two horizons; forming then a 
kind of dent or gap in the remaining horizon ; which ho¬ 
rizon, at the extremities of the vacancy, seemed to he of 
the same height as the upper horizon was before ifs being 
effaced. This vacancy (continually varying in length as 
well as breadth), was several times seen to approach and 
take in,the lower, and immediately to admit an apparent 
view of the whole or the most part of its body (like that in 
the third drawing), which was not the case before; ex¬ 
actly, to all appearance, as if it had opened a gap, for that 
purpose in the intercepting ground. This phenomenon 
excited great surprise, and seemed to be inexplicable. 

A great many,other observations were made in the year 
1794 and 1793, and minutes thereof taken, but the above 
were the most remarkable. The certainty of the pheno¬ 
mena being fully confirmed, less attention was thought 
necessary, and no further memorandums have been made. 
After some years the observatory getting into decay, and 
becoming dangerous, it was taken down, and hath not been 
since renewed. 

In the course of these observations it was remarked that 
a hoar frost, or that kind of dewy vupour which in a suf¬ 
ficient degree of cold occasions^ boar frost, accompanied 
by an air rather calm than otherwise, scented requisite 
for the elevation of the objects ; and that a dry frost, how¬ 
ever intense, especially if attended with wind, had no ten¬ 
dency to produce it. Indeed, in several instances of that 
sort, I have observed the objects very sensibly depressed 
below their usual pitch. I know at present no other in¬ 
stance of the double horizon having been observed, except 
bv Mr. Isaac Dal by ; who (as appears by Phil. Trans, for 
1796, pa. 587) noticed an appearance of that sort about 
nine* months before l did. 

The telescope made use of was a 3-foot refractor of Dol- 
Vofc.II. 


louds, of the sort with long polygonal tubes of wood. 
What served me for a micrometer (and from which the 
scale on the plate was deduced) was a notched bar, made 
of a piece of line screw, filed Hat, anti laid across the locus 
ol the eye-glass.—Its value was ascertained by computing 
the distance ol the stars y and i Corona.*, winch was found 
to be the extent of the telescope's field of view. The quan¬ 
tities of elevation are to be understood as judged of by 
comparing the objects among each other; for having no 
graduated instrument or level to which the telescope could 
be attached, and the objects not being sufficiently distin¬ 
guishable without it, I bad no means whereby to deter¬ 
mine their absolute elevation in respect of the horizon. 

As far as the mere elevation of objects is concerned, the 
phenomena seem not difficult to be accounted lor ; but 
the double horizon, and especially the peculiar circum¬ 
stances observed on the 6th of January 1795, appear not 
easy to be explained. They furnish two materia) ques¬ 
tions ; first, whether the separation is effected by the re¬ 
fracting mutter elevating the upper, or depressing the lower 
visible horizon ? and, secondly, why the apparent vacan¬ 
cy, or gap, described as above, did not cause the tower to 
disappear, as well as the horizon which intercepted it ? 
My own ideu at present is, that the appearance of the 
•lower horizon is effected either by depression, or else by 
the mass of refracting matter, which causes the elevation, 
detaching itself from the ground, sous to admit of the na¬ 
tural (unrefracted) horizon being seen below it, at the 
same time that an elevated one is visible through its body. 
1 also conceived it possible that the lengthened appearance 
of the tower (then observed) might have arisen from the 
connexion of two images thereof, viz, the upper and the 
lower; having noticed something similar in the instance 
of a tree, partly intercepted by the ridge of a building, 
and viewed through an irregular spot (which seems to me 
to be a bubble) in the glass of a window : and probably 
an attentive observation of objects seen through such ir¬ 
regularities in glass, may help to illustrate all its different 
phenomena. The tower being a body of an uniform 
breadth, a deception of the sort alluded to is.uot perceiv¬ 
able; but perhaps would have been manifest had the ob¬ 
ject been of the pyramidical form, as many steeples are. 
And, as the distance of the tower, beyond the intercepting 
ground at c, is only about 3 miles, it seems rather extra¬ 
ordinary that the difference of their absolute elevations 
should be sufficient to bring 60 much of the tower into 
view. At the times of these extraordinary refractions,.it 
was a sharp white frost, with a calm hazy atmosphere* 

Modbury, 3d Jan. 1815. John Axuuews. ; 

See the representations in plate 30, of die appearances, 
in three different states of the atmosphere, with the ex¬ 
planations of them. 

The following curious instance of refraction was given 
in the 3d vol. of the Trans, of the American Philos. Trans, 
by Mr. Andrew Ellicott, at Pittsburg, Nov. 5, I7$7, from 
observations at Lake Erie.—On the evening of Sept. 12, 
there was a fine aurora borealis. The next day was cloudy, 
but without rain. About noon, the low peninsula, called 
Prcsque-isle, which, at its then distance of 25 miles, is 
commonly invisible, was descried from the borders of the 
lake, considerably elevated above the horizon; and, viewed 
through a telescope* the branches of the trees could be 
plainly discovered. It is very singular thut the peninsula 
was frequently seen double ; the images, one above the 
other, separating and coinciding repeatedly, like those ub- 
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served in shifting the index of a Godfrey’s quadrant. In 
the evening it began to blow a fresh breeze; which, in the 
followin'' days, increased into a most violent hurricane. 
These distinct facts afford some data for the investigation 
of the curious phenomenon w hich sailors term Looming. 
We may orfei the following attempt at an explication. It 
is easy to perceive that, owing to the successive increase 
of rarity at different heights in the atmosphere, the rays 
of light, transmitted from a distance, are invariably bent 
towards the surface of the earth, and therefore bestow on 
objects an apparent elevation. If this progression of rarity 
be, from some accidental cause, augmented, the refraction, 
and its consequent effect, must then become proportionally 
greater ; and this actually takes place in the case under 
consideration. The lucid complexion of the sky, and the 
storm which commonly ensues, conspire to indicate that, 
at no great height, the air is replete with humidity. The 
double appearance above described may be owing to two 
fluctuativc strata of air, differently charged with moisture, 
and occasioned probably by opposite currents. 

The following is the substance of a letter, on a similar 
subject, from \V. Latham, esq. inserted in the Philos. 
Trans, of 1798.—On the 26 th of July, 1797, about 5 
o’clock afternoon, while sitting in Ins room at Hastings, on 
the parade, close to the seashore, nearly fronting the south, 
Mr. Latham’s attention was excited by a number of people 
running down to the sea side. On inquiring the reason, 
he waslnformed that the coast of France was plainly to 
be distinguished by the naked eye. He immediately went 
down to the shore, and was surprised to find that, even 
without the assistance of a telescope, he could plainly see 
the cliffs on the opposite coast; which, at the very nearest 
part, arc between 40 and 50 miles distant, and are not to 
be discerned from that low situation by the aid of the best 
glasses., They appeared to be only a few miles off, and 
seemed to extend for some leagues along the coast. Mr. L. 
pursued his walk along the shore, close to the water’s 
edge, conversing with the sailors and fishermen on the 
subject. At first these could not be persuaded of the 
reality of the appearance ; but soon became so fully con¬ 
vinced, by the cliffs gradually appearing more elevated, 
and approaching nearer, as it were, that they pointed out, 
and named to him, the different places they had been ac¬ 
customed to visit; such as the Buy, the Old Head or Man, 
the windmill &c, at Boulogne, St. Vallery, and other places 
on the coast of Picardy ; which they afterw ards confirmed, 
when they viewed them through their telescopes. Their 
remarks were, that the places appeared as near as if they 
were sailing at a small distance into the harbour. 

Having indulged hiscuriosity on the shore for near an hour, 
during which time the clifTs appeared tobcatsomctimcsmore 
bright and near, at others more faint and distant, but never 
outof sight, Mr.L. went upon the eastern cliff or hill, which 
is of a considerable height, when n most beautiful scene 
presented itself to view; for he could at once see Dengeness, 
Dover cliffs, and the French coast, all along from Calais, 
Boulogne, &c, to St. Vallery; and as some of the fishermen 
affirmed, as far to the westward even ns Dieppe. By the tele¬ 
scope, the French fishing-boats were plainly to be seen ut an¬ 
chor; and the different colours of the land upon the heights, 
together with the buildings, were perfectly discernible. 
This curious phenomenon continued in the highest splen¬ 
dour till past 8 o'clock (though a black cloud totally' ob¬ 
scured the face of the sun for some time) when it gradually 
vanished. 
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The day was extremely hot, 76° at 5 afternoon, and 
the three preceding days remarkably fine and clear. Not 
a breath of wind was stirring the whole of the day ; but the 
small pennons at the mast-heads of the fishing-boats in the 
harbour were in the morning at all points of the compass. 

—Mr. L. was, a few days afterwards, at NVinchclsca, and 
at several places along the coast, where he was informed 
that the above phenomenon had been equally visible.— 

The cape of land called Dengeness, which extends nearly 
2 miles into the sea, and is about l 6 miles dislant from 
Hastings, in a straight line, appeared as if quite close to 
it, as did the fishing-buats, and other vessels which were 
sailing between the two places. 

Similar and still more extraordinary instances of atmo¬ 
spherical refraction have been since described in different 
volumes of the Philos. Tra*ns. for the years 17.95* 1797, 
1799* 1800 &c, by Mr. Dal by, Cap. Huddart, Sir Henry 
Englcficld, Mr. Latham, Mr. Vince, and Dr. Wollaston. 
Mr. Huddart first noticed a distinct image, inverted be¬ 
neath the object itself; and described several such ap¬ 
pearances, accompanied with an optical explanation, ic- 
marking that the lowest strata of the air were at the time 
endued with a weaker refractive power, than others at a 
small elevation. Mr. Vince has given an instance where 
erect, as well as inverted images, were visible above, in¬ 
stead of beneath, the objects themselves; and, by tracing 
the progress of the rays of light, in a manner similar to 
Mr. Huddart’s, concludes that those phenomena arose 
from unusual variations of increasing density in the lower 
strata of the atmosphere. In the vol. for 1795, Mr. Dalby 
mentions having seen the top of a hill appear detached ; 
for the sky was seen under it. In this case, as well as in 
the preceding, says Dr. W., it is probable that inversion 
took place, and that the lower half of the portion detached 
was an inverted image of the upper, as the sky could only 
be seen beneath it by an inverted course of the. rays. 

Since the causes of such peculiarities of terrestriul re¬ 
fraction had not received so full an explanation as might 
be wished, Dr. Wollaston has endeavoured, 1 st, To in¬ 
vestigate theoretically the successive variations ot in¬ 
creasing or decreasing density to which fluids in general 
arc liable, and the laws Of the refractions occasioned by 
them. 2dly. To illustrate and confirm the truth of this 
theory by experiments with fluids of known density. And 
lastly, to ascertain, by trial on the air itself, the causes and 
extent of those variations of its refractive density, on which 
the inversions of objects, &c, appear to depend. Sec 
vol. 90, or my Abridgement, vol. 18, p. 667 . 

In a lute letter from Mr. Dalby he says, he repeatedly 
observed, when measuring the base on King’s Scdgemoor, 
those extraordinary refractions. The moor is several miles 
in length, and as level as the sea. When the sun shone out 
after a shower of rain, he placed a telescope on the top of 
the front wheel of a carriage, and then the cattle grazing 
on the moor, at the distance of 4 or 5 miles* appealed 
through tho telescope in their proper shapes and position, 
without any inversion; but when the telescope was laid 
on the box near the axle, at about 2 feet below the top of 
the wheel, or 2 feet from the ground, he saw the inverted 
images of the cattle complete- Suppose, says he, a look¬ 
ing-glass laid on a tabic before you; then if you conceive 
flics, or mice, or any small animals,* to be walking on the 
glass, you will have a perfect idea of the appearance. 
(Sec an idea of it represented, plate xxxi, rig- 1). It was 
curious to see cows and horses with their backs downwards* 
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talking foot to foot against others above. The lower or 
rejected images were as bright and well defined, as the 
upper or real objects. In moving the telescope from the 
top of the wheel, down towards the axle, the first change 
observed, was the lengthening of the animals’ legs; after¬ 
wards, before the complete inversion took place, the ap¬ 
pearand's were so singularly fantastical, that it is impos¬ 
sible to describe them. 

The inversion, above mentioned, is evidently the effect 
of reflection from a stratum of dense vapour ; tor I ne\er 
could perceive any thing of the kind but when the sun 
shone out immediately after n shower of rain, and the 
evaporation was copious. Such refractions and reflections 
will account for those strange appearances noticed by some 
travellers while they were crossing the extensive flats in 
Arabia and Egypt. 

A similar phenomenon Mr. Dalby observed while lie 
was crossing, in a small boat, from Mutton Cove, Plymouth 
Dock, to the Passage-house below Mount Egdecuinbc. He 
says, “ When in^ eye was brought down to the edge of the 
boat, about a foot from the surface of the water, the sum¬ 
mit of the distant rock called the Mewer-stonc, in Ply¬ 
mouth harbour, appeared totally detached, or lifted up, 
from the lower part. This proves that the vaptmr rising 
from the sea must have had a great refractive power near 
the surtace ; for no apparent separation took place when 
the eye was 2 or 3 feet from the water/' 

RfckRANG1BIL1TY of Light, the disposition of the 
rays to be refracted. And a greater or less refrangibility, 
is a disposition to be more or less refracted, in passing at 
equal angles of incidence into the same medium.—That 
the rays of light are differently refrangible, is the founda¬ 
tion of Newton's whole theory of light and colou rs; and 
the truth and circumstances of the principle he evinced 
from such experiments as the following. 



Let eg represent the window-shutter of a dark room, 
and f a hole in it, through which the light ■ passes, from 
the luminous object s, to the glass prism auc within the 
room, which refracts it towards the opposite side, or a 
screen, at pt, where it appears of an oblong form; its 
length being about 5 times the breadth, and exhibiting 
the various colours of the rainbow ; whereas without the 
interposition of the prism, the ray of light would have 
proceeded on in its first direction to D. Hence then it 
follows, 1. That the rays of light arc refrangible. This 
appears by the ruy being refracted from its original direc¬ 
tion s ii i>, into another, up or iit, by passing through a 
different medium.—2. That the ray sru is a compound 
one, which, by means of the prism, is decompounded or 
separated into its parts, up, iit, &c f which it hence ap¬ 
pears, arc all endued with diflerent degrees of refrangi- 
bility, as they arc transmitted to all the intermediate 
points from t to p, and there painting all the different 
colours.—From this, and a great variety of other experi¬ 


ments, Newton proved, that the blur rays are more re¬ 
fracted than the red ones, and that there is likewise un¬ 
equal refraction in the intermediate rays; and upon the 
whole it appears that the sun's rays have not all the same 
refrangibility, and* consequently are not of the same na¬ 
ture. It is also observed that those ra^s which are most 
refrangible, are also most reflexible. See Reflexi- 
bility; also Newton’s Optics, pa. 22 &c, 3d edit. 

The difference between refrangibility and reflexibility 
was first discovered by Sir Isaac Newton, in lb'71-2, 
and communicated to the Royal Society, in a letter dated 
Feb. (i of that year, which was published in the Philos. 
Trans, numb. SO, pa. 3075; and from that time it was 
vindicated by him, from the objections of several persons ; 
particularly Par dies, Mariotte, Linus or Lin, and other 
gentlemen of the English college at Liege ; and at length it 
was more fully laid down, illustrated, and confirmed, by 
a great variety of experiments, related in his excellent 
treatise on Optics. 

Blit further, as not only these colours of light produced 
by refraction in u prism, but also those reflected from 
opaque bodies, have their different degrees of refrangi¬ 
bility and reflexibility ; and as a white light arises from 
a mixture of the several coloured rays together, the 
same great author concluded that all homogeneous light 
has its proper colour, corresponding to its degree of re¬ 
frangibility, and not capable of being changed by any 
reflections, or any refractions ; that the sun’s light is com¬ 
posed of all the primary colours ; and that all compound 
colours arise from the mixture of the primary ones, &c. 

The different degrees of refrangibility, lie conjectures 
to arise from the different magnitude of the particles com¬ 
posing the different rays. Thus, the most refrangible 
rays, that is the red ones, he supposes may consist of the 
largest particles ; the least refrangible, i. c. 'the violet 
rays, of the smallest particles ; and the intermediate rays, 
yellow, green, and blue, of particles of intermediate sixes. 
Sec Colour. 

Dr. Herschcl* has made many ingenfbus observations 
and experiments on the different degrees of refrangibility 
of the sun's rays ; from which it appears, that beside the 
seven coloured rays of light which formed the basis of 
Newton's theory, there arc other rays that arc perfectly 
colourless ; a summary of which experiments is given 
under the article Sun, in treating of the nature of his 
rays. See Sun. 

For the method of correcting the effect of the different 
refrangibility of the rays of light in glasses, see Aberra¬ 
tion and Telescope. 

REGEL, or Rio el, a fixed star of the first magnitude, 
in the left foot of Orion. 

REGIOMONTANUS. See John Muller. 

REGION, of the Air or Atmosphere. Authors divide 
the atmosphere into three stages, called the upper, mid¬ 
dle, and lower regions.—The lowest region is that in 
which we breathe, and is bounded by the reflection of the 
sun's rays, that is, by the height to which they rebound 
from the earth.—The middle region is that in which the 
clouds reside, and where meteors arc formed, &c ; ex¬ 
tending from the extremity of the lowest, to the tops of 
the highest mountains.—The upper region commences 
from the tops of the mountains, and reaches to the ut¬ 
most limits of the atmosphere. In this region there pro^ 
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bablv reigns a perpetual equable calmness, dearness, and 

serenity. . ... 

Elementary Region, according to the Aristotelians, is 

a sphere terminated by the concavity of the moon’s orb, 
comprehending the earth's atmosphere. 

Ethereal Region, is the whole extent of the universe, 
comprising all the heavens with the orbs of the fixed stars 
and other celestial bodies. 

Region, in Geography, a country or particular divi¬ 
sion of the earth, or a tract of land inhabited by people 
of the same nation. 

Regions of the Moon. Modern astronomers divide 
the moon into several regions, or provinces, to each of 
which they give its proper name. 

Regions of the Sea, are the two parts into which the 
whole depth of the sea is conceived to be divided. The 
upper of these extends from the surface of the water, 
down as low as the rays of the sun can pierce, and ex¬ 
tend their influence; and the lower region extends from 
thence to the bottom of the sen. 

Subterranean Regions. These nre three, into which 
the earth i> divided, at different depths below the surface, 
according to different degrees of cold or warmth; and it 
is imagined that the 2 d or middlemost of these regions is 
the coldest of the three. 

REG lb (Petek Sylvain), a French philosopher, and 
great propagator of Gartcsianism, was born in Agcnois 
1632. He studied the languages and philosophy under 
the Jesuits at Caliors, and afterwards divinity in the uni¬ 
versity of that town, being designed for the church. His 
progress in learning was so uncommon, that ut the end 
of four years he was offered a doctor’s degree without the 
usual charges; but he did not think it became him till he 
should study also in the Sorbonnc at Paris. He accord¬ 
ingly repaired to the capital for that purpose; but he 
soon became disgusted with theology; and, as the philo¬ 
sophy of Descartes began at that time to become popular 
through the lectures of Rohault, ho conceived a taste for 
it, and gave himself up entirely to its doctrines. Having, 
by attending those lectures, and by close study, become 
an adept in that philosophy, lie went to Toulouse in l6<>5, 
where he gave lectures in it himself. Having a clear and 
fluent manner, anil n happy way of explaining his subject, 
he drew many persons to his discourses; the magistrates, 
the literati, the ecclesiastics, and the very women, who all 
now affected to renounce the ancient philosophy. 

In 1671, he received at Montpellier the same ap¬ 
plauses for his lectures ns at Toulouse. Finally, in l6’80 
he returned to Paris; where the concourse about him 
was such, that the sticklers for Peripatcticism began to be 
alarmed. These applying to the archbishop of Paris, he 
thought it expedient, in the name of the king, to pul n 
stop to the lectures ; which accordingly were discontinued 
for several months. Afterwards his whole time was spent 
in propagating the new philosophy, both by lectures, and 
by publishing books; and in defence of his system, he 
had disputes with Huet, Du Hamel, Mulbrftnche, and 
others. His works, though abounding with ingenuity and 
learning, have been neglected in consequence of the great 
discoveries and advancement in philosophic knowledge 
that has been since made.—He was chosen tt member of 
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1 . A system of Philosophy ; containing Logic, Me¬ 
taphysics, and Morals: in lbyO, 3 vols in 4to. being a 
compilation of the different ideas of Descartes.—It was 
reprinted the year after at Amsterdam, with the addition 
of a Discourse on Ancient and Modern Philosophy. 

2. The Use of Reason and of Faith. 

3. An Answer to Huct’s Censures of the Cartesian Phi¬ 

losophy; and an Answer to Du Hamel’s Critical Reflec¬ 
tions. t | . 

4 . Some pieces against Malbranche, to show that the * 
apparent magnitude of an object depends solely on the 
magnitude of its image, traced on the retina. 

5 . A small piece on the question. Whether Pleasure 
makes our present Happiness? 

REGRESSION, or Retrogradation of Curves, &c. 
See Retrogradation. 

REGULAR Figure, in Geometry, is a figure that is 
both equilateral and equiangular, or having all its sides 
and angles equal to one another.—I’or the dimensions, 
properties, &c, of regular figures, sec Poi.ygon. 

Regular Body, called also, Platonic Body, is a body 
or solid comprehended by like, equal, and'regular.plane 
figures, and whose solid angles are all equal. I he plane 
figures by which the solid is contained, arc the luces of 
the solid. And the sides of the plane figures uic the edges, 
or linear sides of the solid. 

There arc only five regular solids, viz, 

The tetraedron, or regular triangular pyramid, having 

4 triangular faces ; 

The hexaedron, or cube, having 6 square faces; 

The octncdron, having 8 triangular fuces; 

The dodecnedron, having 12 pentagonal laces; 

The icosnedron, having 20 triangular faces. 

Resides these five, there can be no other regular bodies 

in nature. _ , c 

Prod. 1. To construct or form the Regular Solids. i>ce 

the method of describing these figures under the article 

B °2!'to find cither the Surface or the Solid Content of any 
of the Regular Bodies.— Multiply the proper tabular area 
or surface (taken from the following table) by the square 
of the linear edge of the solid, for the superficies. And 
multiply the tabular solidity, in the last column of the 
table, by the cube of the linear edge, for the solid con- 

tent. . 

Surfaces and Solidities of Regular Bodies, the Side being 

unity or 1 . 




No. of 
hides. 

Name. 

• 

Surface. 

4 

Tetraedron 

1-7320508 

6 

Ilexaedron 

60000000 

8 

Octucdron 

3*4641016 

12 

Dodecacdron 

206457788 

20 

Icosaedron 

&-6602540 


SoliiUty. 


0 1178513 
rooooono 
0-4714045 
7 1)6311S9 
218 16950 


-- He was - 

the Academy of Sciences in lG'99 » and died 1707» at 

7 5 years of age. 

His works, which lie published, arc, 


3. The diameter of a sphere being given, to find the 
side of nny of the Platonic bodies, that may bef cither in¬ 
scribed in the sphere, or circumscribed about the sphere, 

or that is equal to the sphere. 

Multiply the given diameter of the sphere by the pro¬ 
per or corresponding number, in the following t« °» an¬ 
swering to the thing sought, and the product will be the 
sido of the Platonic body required. 
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The diam. of u 
•phere »*ing 1 , 
the side of a 

'Thai may he in¬ 
scribed in the 
sphere, is 

That n»ay be cir¬ 
cumscribed about 
the split re, is 

Thar is equal 
to the sphere, 
is 

Tc trued ron 

0816497 

2-4494S 

1-64417 

llexaedron 

0577350 

1-00000 

o-ssGio 

Octacdron 

0 707107 

1-22474 

1 03576' 

Dodecacdron 

0525731 

0 66158 

0 62153 

Icosaedron 

0:356822 

0-44903 

040883 


4. The side of any of the five Platonic bodies being 
given, to find the diameter of a sphere, that may either 
be inscribed in that body, or circumscribed about it, or 
that is equal to it.— As the respective number in the 
table above, under the title, inscribed, circumscribed , or 
equal , is to 1, so is the side of the given Platonic body, 
to the diameter of its inscribed, circumscribed, or equal 
sphere. . 

5. The side of any one of the five Platonic bodies being 
given; to find the side of any of the other four bodies, 
that may be equal in solidity to that of the given body.-— 
As the number under the title equal in the last column of 
the table* above, against the given Platonic body, is to 
the number under the same title, against the body whose 
side is sought, so is the side of the given Platonic body, to 
the side of the body sought. 

See demonstrations of many other properties of the Pla¬ 
tonic bodies, in my Mensuration, part 3 sect. 2 pa. 183, 
&c, 4th edition. ~ . • 

Regular Curve . See Curve. 

REGULATOR of a Hatch, is a small spring belonging 
to the bulance, serving to adjust the going, and to make 
it go either faster or slower. 

RLGULUS, in Astronomy, a star of the first magni¬ 
tude, in the constellation. Leo ; called also, from its si¬ 
tuation, Cor Leonis, or the Lion's Heart; by the Arabs, 
Alhabor ; and by the Chaldeans, Kulbeleced, or Karbc- 
Icccid; from an opinion of its influencing the affairs of 
the heavens; as Thcon observes.——The longitude of Rc- 
gulus, as fixed by Flamsteed, is 25° 31' 21", and its la¬ 
titude 0° 26' 38" north. See Leo. 

' REINFORCE, in Gunnery, is that part of a gun next 
the breech, which is made stronger to resist the force of 
the powder. There are usually two reinforces in each 
piece, called the first and second reinforce. The second 
is somewhat smaller than the first, because the inflamed 
powder in that part is less strong. 

JtEiN force Rings of a cannon, arc flat mouldings, 
like iron hoops, placed at the breech end of the first and 
second reinforce, projecting beyond the rest of the metal 
about a quarter of an inch. 

REINilOLD (Erasmus), an eminent astronomer and 
mathematician, was born at Salfcldt in Thuringia, a pro¬ 
vince in Upper Saxon/, the llili of October 1511. lie 
studied mathematics under James Milichi at Wittcinberg, 
in which university he afterwards became professor of 
those science!, which he taught with great applause ; and 
after writing u number of useful and learned works, he 
died tire 19*h of February 1553, ut 42 years of age only, 
liis writings arc chiefly the following: 

1. Theorise novae PI u net arum G. Purbachii, augmented 
and illustrated w ith diagrams and Scholia; iir 8vo, 1542; 
find ugain in 158*—In this work, among, other things 
worthy of notice, he teaches (pa. 75 and 76) that the 
centre of the lunar epicycle describes an oval figure in 
each monthly period, and that the orbit oP Mercury is 
alto of the same oval figure. 


3. Ptolemy s Almagest, the first book, in Greek, with 
a Latin version, and Scholia, explaining the more ob¬ 
scure passages; in 8vo, 154J).—At the end of pa. 123 he 
promises an edition ol 1 boon's Commentaries, which arc 
very useful for understanding Ptolemy's meaning; but 
his immature death prevented Reinhold from giving this 
and other works which he had projected. 

3. Prutenic® Tabulre Ccclesiium Motuum, in 4to, 
1551 ; again in J571 ; and also in 1585.— Ilcinhold spent 
seven years labour on this work, in which he was assisted 
by the munificence of Albert, duke of Prussia, whence 
the tables had their name: lie compared the observations 
of Copernicus with those of Ptolemy and Hipparchus, 
whence he constructed these new tables, the uses ol winch 
he has fully explained in a great number of precepts and 
canons, forming a complete introduction to practical 
astronomy. 

4. Primus liber Tabularum Directionum ; to which 
are added, the Canon Ftrcundus, or Table of Tangents, 
to every minute of the quadrant; and New Tables of 
Climates, Parallels and Shadows, with an Appendix, con¬ 
taining the second Rook of the Cauon of directions ; in 
4to, 1554.—Reinhold here supplies what was omitted by 
Regiomontanus in his Table of Directions, &c; showing 
the finding of the sines, and the construction of the tan¬ 
gents, the sines being found to every minute of the qua¬ 
drant, to the radius 10 , 000,000 ; and he produced the 
Oblique Ascensions from 00 degrees to the end of the 
quadrant. He (caches also the use of these tables in the 
soltition of spherical problems. 

Kcinhold prepared likewise an edition of many other 
works, which arc? enumerated in the Emperor’s Privilege, 
prefixed to the Prutenic Tables. Namely, Ephemciides 
for several years to come, computed from the new tables. 
Tables of the Rising and Setting of several Fixed Stars, 
for many different climates and times. 'The illustration 
and establishment of Chronology, by' the eclipses of the 
luminaries, and the great conjunctions of the planets, and 
by the appearance of comets, &c. The Ecclesiastical 
Calendar. The History of Years,-or Astronomical Ca¬ 
lendar. • Isagoge Sphenca, or Elements of the Doctrine 
of the Priinuin Mobile. Hypotyposes Orbium Cadcs- 
tium, or the 'Theory of Planets. Construction of a New 
Quadrant. The Doctrine of Plane and Spherical Trian¬ 
gles. Commentaries on the work of Copernicus. Also 
Commentaries on the 15 books ot Euclid, on Ptolemy's 
Geography, and on the Optics of Alhazcn the Arabian. 
He also made many Astronomical Observations, but with 
a wooden quadrant, which observations were seen by 
Tycho Brahe when he passed through Wittcinberg in the 
year 1575, who wondered-that so great a cultivator of 
astronomy was not furnished with better instruments. 

Reinhold left a son, named also Erasmus after himself, 
an eminent mathematician and physician at Salfeldt. He 
wrote a small work in the German language, on Subter¬ 
ranean Geometry, printed in 4to at Erfurt 1575.—He 
wrote also concerning the New Star which appeared in 
Cassiopeia in the year 1572 ; with on Astrological Pro¬ 
gnostication, published in 1574, in the German language. 

RELAIS, in Fortification, a French term, the same 
with bermc. ; 

RELATION, in Mathematics, is the habitude or re¬ 
spect of quantities of the same kind to each other, with 
regard to their magnitude ; more usuully called Ratio.— 
And the equality, identity, or sumcncs* of two such rela¬ 
tions, is called proportion. 


It E V 


Relation', Inharmonicul , in Musical Composition, 19 
that whose extremes form a false or unnatural interval, 
incapable of being sung.—This is otherwise called a false 
relation, and stands opposed to a just or true one. 

RELATIVE Gravity , Levity , Motion, Necessity, Place, 
Space , 7V//i<*, Velocity , #c. See the several substantives. 

RELILVO, in Architecture, denotes the sally or pro- 
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To find the finite Value of any Repetend , or to reduce it 
to a vulgar fraction. 'lake the given repeating figure or 
figures for the numerator ; and for the denominator* take 
as many 9 ’s as ti-crc Hie recurring figures or places irt the 
given repetend. 

5 • 1 

_ - - _ _ • 

t 


So *3 = - = and ‘05 = *0 - = 
9 J 9 
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jeeture of any ornament. 

It EM Al N D ER, is the difference between two quantities, 
or that which is left after subtracting one from the other. 

RENDERING, in Building. See Pargeting. 

REPEATING Ci ucle. See Circul a r Instruments . 

REPELLING Power, in Physics, is a certain power or 
faculty, residing in the minute paiticlesof natural bodies, 
by which, under ccitain circumstances, they mutually 
fly from each other : being the reverse or opposite to the 
attractive power. Newton shows, from observation, that 
such a force does really exist ; and he argues, that as in 
algebra, where positive quantities cease, there negative 
ones begin; so in physics, where the attractive force 
ceases, there a repelling force must begin. 

As the repelling power seems to arise from the same 
principle as the attractive, only exercised under different 
circumstances, it is governed by the same laws. Now the 
attractive power we find is stronger in small bodies than 
in great ones, in proportion to the masses; therefore the 
repelling is so too : and as the rays of light are the most 
minute bodies we know of; therefore their repelling force 
must be the greatest. It is computed by Newton, 
that the attractive force of the rays of light is above 
1000000000000000 , or one thousand million of millions 
of times stronger than the force of gravity on the surface 
of the earth : hence arises that inconceivable velocity with 
which light must move to reach from the sun to the earth 
in little more than 7 minutes of time. For the rays emit¬ 
ted from the body of the sun, by the vibrating motion of 
its parts, arc no sooner got without the sphere of attrac¬ 
tion of the sun, than they coinc within the action of the 
repelling power. 

The elasticity or springiness of bodies, or that property 
by which, after having their figure altered by an external 
force, they return to'thcir former shape again, follows from 
the repelling power. See Repulsion. 

* REPERCUSSION. See Reflection. 

REPETEND, in Arithmetic, denotes that part of an 

infinite decimal fraction, which is continually repeated 

ad infinitum. Thus in the numbers 2’13 13 13 &c, the 

• • 

figures 13 arc the repetend, and marked thus 13.—These 
repetends chiefly arise in the reduction of vulgar fractions 

to decimals. Thus, ■} = 0 , 333&c = 0*3; and = 0'l66‘6 
&c=l lt»; and | = 0'142857 142857 &c = oi42857. 
Where it is to be observed, that a point is set over the 
figure of u single repetend, and over the first and last 
figure when there arc several that repeal. 

Repetends arc either Single or Compound. 

A Single Rf.petend is that in which only one figure re- 

peals; as 0'3, or O’O', &c. 

A Compound Repetend, is that in which two or more 

• • # # • • 

figures are repeated ; as *13, or ‘215, or'142857. 

Similar Repetends are such as begin at the same place, 
and consist of.the same number of figures; as *3 and *6, 
or 1*341 and 2*156. ' JjL 

Dissimilar Repetends begin at different places, and 
consist of an unequal number of figures. 
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99 11 

&C. 


9999990 980 ' 

Hence it follows, that every such infinite repetend has 
a certain determinate and finite value, or can be expressed 
by a terminate vulgar fraction. And consequently, that 
an infinite decimal which does not repeat or circulate, 
cannot be completely expressed by a finite vulgar fraction. 

Jt may further be observed, that if the numerator of a 
vulgar fraction be 1 , and the denominator any prime 
number, except 2 and 5, the decimal which shall be 
equal to that vulgar traction, will always be a repetend, 
beginning at the first place of decimals; and this repe¬ 
tend must necessarily be a submultiple, or an aliquot 
part of a number expressed by as muny 9 s as the repetend 
lias figures; that is, if the repetend have six figures, it 
will bo a submultiplc of 099999; >* four figures, a sub- 
multiple of 9999 ; &c. Whence it follows, that if any 
prime number be called p, the series 9999 &<\ produced 
as far as is necessary, will always be divisible by p , and the 
quotient will be the repetend ot the decimal fraction 1 -f-/>. 

'I lie same is also true of any odd number whatever 
that is not divisible by 5 ; and for any repetend as well os 
9. That is, uny odd number, not divisible by 5, is a di¬ 
visor of any repetend digit carried to a sufficient number 
of places, and these will never exceed the number ex¬ 
pressed by the divisor. 

It is also a curious circumstance, that all fractions 
whose denominators are the same, arc expressed in decimals 
by repetends which have the same effective figurcs/though 
varied in their position. Thus, 

142857 142857, &c. * 

285714 285714, &c. 

428571 428571, &c. 

•571428 571428, &c. 

•? 14285 714285, &c. 

•857142 857142, &c. 

RESIDUAL Figure, in Geometry, the figure remain¬ 
ing after subtracting a less from a greater. » 

Residual Root , is a root composed of two parts or 
members, only connected together with the sign — or 
minus. Thus, a —5, or 5 —3, is a residual root; and is 
so called, because its true value is no more than the re¬ 
sidue, or difference between the parts a and 5, or 5 and 3, 
which in this cusc is 2 . * • 

RESIDUUM qf a Charge, in Electricity, first disco¬ 
vered by Mr. Gralath, in Germany, in 1746, is that part 
of the charge that lay on the uucoated part of a Leyden 
phial, which does not part with all its electricity at once; 
so that it is afterwards gradually diffused to the coating. 

RESISTANCE, or Resisting Force , in Physics, any 
power which acts in opposition to another, so as to de¬ 
stroy or diminish its effect. 

There are .different kinds of rcsistavf£c, arising from the 
various natures and properties of the resisting bodies, atul 
governed by various laws; as, the resistance of solids, the 
resistance of fluids, the resistance of the air, dec. Of each 
of these in (heir order, as below. 
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Resistance of Solids , in Mechanics, is the force with 
which the quiescent parts of solid bodies oppose the mo¬ 
tion of others contiguous to them. Of these, there are 
two kinds. The first, where the resisting and the resisted 
parts, i.e. the moving and quiescent bodies, are only con¬ 
tiguous, and do not cohere ; constituting separate bodies 
or masses.* This resistance is what Leibnitz calls Resist¬ 
ance of the surface, but which is more properly called 
friction: for the laws of which, seethe article Friction. 

The 2d case of resistance, is where the resisting and re¬ 
sisted parts are not only contiguous, but cohere, being 
parts of the same continued body or mass. This r?sist- 
ance was first considered by Galileo, and may properly 
be called Renitency.—As to what regards the resistance 
of bodies when struck by others in motion, see Percus¬ 
sion, and Collision. 

Theory of the Resistance of the Fibres of Solid Bodies. —- 
To conceive an idea of this resistance, or renitency of the 
parts, suppose a cylindrical body suspended vertically by 
one end. Here all its parts, being heavy, tend down¬ 
wards, and endeavour to separate the two contiguous 
planes or surfaces where the body is the weakest; but all 
the parts of them resist this separation by the force with 
which they cohere, or are bound together. Here then arc 
two opposite powers; viz, the weight of the cylinder, 
which tends to break it; and the force of cohesion of the 
parts, which resists the fracture. 

If now the base of the cylinder be increased, without 
increasing its length ; it is evident that both the resistance 
and the weight will be increased in the same ratio as the 
base; and hence it appears that all cylinders of the same 
matter and length, whatever their bases be, have an equal 
resistance, when vertically suspended. 

But if the length of the cylinder be increased, without 
increasing its base, its weight is increased, while the re¬ 
sistance or strength continues unaltered ; consequently 
the lengthening has the effect of weakening it, or increases 
its tendency to break. 

Hence, to find the greatest length a cylinder of any 
matter may have, when it just breaks with the addition of 
another given weight, we need only take any cylinder of 
the same matter, and fasten to it the least weight that is 
just sufficient to break it; and then consider how much it 
must be lengthened, so that the weight of the part added, 
together with the given weight, may be just equal to that 
weight, and the thing is done. Thus, let / denote the first 
length of the cylinder, c its weight, £ the given weight the 
lengthened cylinder is to bear, and w the least weight that 
breaks the cylinder /, also x the length sought; lhcu ns 

l : x :: c = tbc weight of the longest cylinder sought ; 

and this, together with the given weight g t must be equal 
to c together with the weight w ; hence then 

~ g = C w > therefore x = * + " ~ * ./ = the whole 

length of the cylinder sought. If the cylinder must just 
break with its own weight, then isg = 0, and in that case 

x = - / is the whole length that just breaks by its own 

weight. By this means Galileo found that a copper-wire, 
and of conscquenjttLany other cylinder of copper, might 
be extended to 4 80Y braccios or fathoms of 6 feet each. 

If the cylinder be fixed by one end into a wall, with the 
axis horizontally ; the force to break it, and its resistance 
to fracture will here be both different; as both tbc weight 
to cause the fracture, and tbc resistance of the fibres to 


oppose it, are combined with the effects of the lever ; for 
the weight to cause the fracture, whether of the beam alone, 
or combined with an additional weight hung to it, is to be 
supposed collected into the centre of gravity, where it is 
considered as acting by a lever equal to the distance of 
that centre beyond the face of the wall where the cylinder 
or other prism is fixed ; and then the product of the said 
whole weight and distance, will be the momentum or force 
to break the prism. Again, the resistance of tnc fibres 
may be supposed collected into the centre of the transverse 
section, and all acting there at the end of a lever equal to 
the vertical semidiameter of the section, the lowest point 
of that diameter being immoveable, and about which the 
whole diameter turns when the prism breaks ; and hence 
the product of the adhesive force of the fibres multiplied 
by the said semidiameter, will be the momentum of resist¬ 
ance, and which must be equal to the former momentum 
when the prism just breaks. 

Ilcncc, to find the length a pri>m will bear, fixed so 
horizontally, before it breaks, either by its own weight, 
or by the addition of any adventitious weight; take any 
length of such a prism, and load it with weights till it just 
break. Then, put 

/ = the length of this prism, 

c = its weight, 

w = the weight that breaks it, 

a = distance of weight tr, 

g = any given weight to be borne, 

d = its distance, 

x = the length required to break. 

Then / : x : : c: -y the weight of the prism x, and 
y x = its momentum; also dg = the mo¬ 

mentum of the weighty; therefore yj- -+- dg is the mo¬ 
mentum of the prism x and its added weight. In like 
manner \cl •+- axv is that of the former or short prism and 
the weight that brake it ; consequently 

rx * j » i > / aw + 1 d - of 

—j -+- dg — \cl + aw, and x = - — - x 2 1 

is the length sought, that justf breaks with the weight 
g at the distance d. If this weight g ,be nothing, then 

x = s ' - * - — x ,s the length of the prism that 

just breaks with its own weight. 

If two prisms of the same matter, having their bases and 
lengths in the same proportion, be suspended horizontally ; 
it is evident that the greater has more weight than the 
lesser, both on account of its length, and of its base ; but 
it lias less resistance on account of its.length, considered 
as a longer arm of a lever, and has oqly more resistance 
on account of its base; therefore it exceeds the lesser in 
its momentum more than it docs irvits resistance, and coi*- 
scqucntly it must break more easily. 

Hence appears the reason why, iu making small ma¬ 
chines and models, people arc apt to be mistaken as to the 
resistance and strength'bf certain horizontal pieces, when ' 
they come to execute their designs in largo, by observing 
the same proportions as in the small,; 

When the prism, fixed vertically, is just about to break* 
there is an equilibrium between its positive and relative 
weight; and consequently those two opposite powers are 
to each other reciprocally as the arms of the lever to which 
they arc applied, that is, as half the diameter to half the 
axis of the prism. On the other hand, the resistance of a 
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body is always equal to the greatest weight which it will 
lust sustain m a \citiral position, that is, to its absolute 
weight. I h» re-lore, substituting the absolute weight lor 
the resistance, it appears, that the absolute weight ol u 
body, suspended horizontally, is to its relative weight, as 
the distance ol its centre of gnu ity from the fixed pointer 
axis ol motion, is to the distance ot the centre ol gravity 
of its base Ironi the same. 

The discovery of tins important truth, at least of an 
equivalent to it, ami to which tins is reducible, wo owe 
to Galileo; on whose system of resistance, however, 


Mariotte made an ingenious remark, which gave birth to 
a new system. Galileo supposes that where the body 
breaks, all the fibres break at once ; so that the body al¬ 
ways resists with its whole absolute force, or the whole 
force that all its fibres have in the place where it breaks. 
But Mariotte, finding that all bodies, even glass itself, bend 
before they break, shows that fibres are to bo considered 
as so many little bent springs, which never exert their 
whole force, till stretched to a certain point, and never 
break till entirely unbent. Hence those nearest the ful¬ 
crum of the lever, or lowest point of the fracture, are 
stretched less than those farther off, and consequently em¬ 
ploy a less part of their force, and break later. 

This consideration only takes place in the horizontal 
situation of the body : for in the vertical, the fibres of the 
base all break at once ; so that the absolute weight of the 
body must exceed the united resistance of nil its fibres; 
a greater weight is therefore required here than in the ho¬ 
rizontal situation, that is, a greater weight is required to 
overcome their united resistance, than to overcome their 
several resistances one after another. 

Varignon has improved on the system of Mariotte, and 
shown that to Galileo's system, it adds the consideration 
of the centre of percussion : for in each system, the sec¬ 
tion, where the body breaks, moves on the axis of equili¬ 
brium, or line at the lower extremity of the same section ; 
but in the second, the fibres of this section arc continually 
stretching more and more, and that in the same ratio, as 
they are situated farther and farther from the axis of equi¬ 
librium, and consequently arc still exerting a greater and 
greater part of their whole force. 

These unequal extensions, like all other forces, must 
have some common centre where they arc united, making 
equal efforts on each side of it: and as they arc precisely 
in the same proportion ns the velocities which the several 
points of a rod moved circularly would have to one an¬ 
other, the centre of extension oT the section where the 
body breaks, must be the same as its centre of percussion. 
Galileo's hypothesis, where fibres stretch equally, and 
break all at once, corresponds to the case of a rod moving 
parallel to itself, where the centre of extension or percus¬ 
sion docs not appear, as being confounded with the centre 
of gravity. 

llcncc it follows, that the resistance of bodies in Ma 
riotte’s system, is to that in Galileo's, as the distance of 
the centre of percussion, taken on the vertical diameter of 
the fracture, is to the whole of that diameter: and hence 
also, the resistance being less than what Galileo imagined, 
the relative weight Jhust qUo be less, ami in the ratio just 
mentioned. So that, after conceiving the relative weight 
of a body, and its resistance equal to its absolute weight, 
as two contrary powers applied to the two arms of a lever, 
in the hypothesis of Galileo, there needs nothing to change 
it into that of Mariotte, but to imagine that the resistance, 
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or the absolute WeioM, is become less, in the ratio above 
mentioned, every tiling else remaining the same. 

One ol the most curious, and perhaps the most useful 
questions in this research, is to lind what figure a body 
must have, that its resistance may be equal or propor¬ 
tional in every part to the force tending to break it. Now 
to litis end, it is necessary,some part of it being conceived 
as cutoff by a plane parallel to the fracture, that the mo¬ 
mentum of the part retrenched be to its resistance, in the 
same ratio as the momentum of the whole is to its resist¬ 
ance ; these four powers acting by arms of levers peculiar 
to themselves, and arc proportional in the whole, and in 
each part,of a solid of equal resistance ; and from this pro¬ 
portion, Varignon easily deduces two solids, which shall 
resist equally in all their parts, or be no more liable to 
break in one part than in another : Galileo had found one' 
before. That discovered by Varignon is in the form of a 
trumpet, and is to be fixed into a wall at its greater end ; 
so that its magnitude or weight is always diminished in 
proportion as its length, or the arm of the lever by which 
its weight acts, is inert-used : and it is remarkable that, 
however different the two systems may be, the solids - of 
equal resistance arc the same in both. 

For the resistance of a solid supported at each end, as 
of a beam between two walls, sec Beam. 

Resistance of Fluids, is the force, with which bodies, 
moving in fluid mediums, arc impeded and retarded in 
their motion. A body moving in a fluid is resisted front 
two causes. The first of these is the cohesion of the partk 
of the fluid. 1 or a body, in its moljon, separating the 
parts of a fluid, must overcome the force with which thoso 
parts cohere. The second is the inertia, oi* inactivity of 
matter, by which a certain force is required to move the 
particles from their places, in order to let the body pass. 

The retardation front the first cause is always the same 
in the same space, whatever the velocity be, the body re¬ 
maining the same ; that is, the resistance is ns the space 
run through in the same time: but the velocity is also iu 
the same ratio of the space run over in the same time: mid 
therefore the resistance, from this cause, is as the velocity 
itself. 

The resistance from the second cause, when a body 
moves through the same fluid with different velocities, is 
as the square of the velocity. For, first the resistance in¬ 
creases according to the number of particles or quantity 
of the fluid stfuck in the same time ; which number must 
be us the space run through in that time, that is, ns the 
velocity ; but the resistance also increases in proportion 
to the force with which the body strikes against every 
part; which force is also ns the velocity of the body, being 
double with n double velocity, and triple with a triple 
one, &c : therefore, on both these accounts, the resistance 
is as the velocity multiplied by the velocity, or as the 
square of the velocity. On the whole therefore, on ac- 
- count of both causes, viz, the tenacity and inertia of the 
fluid, the body is resisted partly as the velocity and partly 
as the square of the velocity. # 

But when the same body moves through different fluids 
with the same velocity, the resistance from the second 
cause follows the proportion of the matter to be removed 


in tl\c same time, which is as the ddflfeyof the fluid. _ 
Hence therefore, if d denote thc^ensity of the fluid, 

s> the velocity of the body, 
and a and b constant coefficients : 
then ado' + bv will' be proportional to the whole resist- 
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nncc totlie same body, moving with different velocities, 
in the same direction, through fluids of different densities, 
but of the same tenacity. 

But, to take in the consideration of different tenacities 
of fluids; if t denote the tenacity, or the cohesion of the 
parts of the fluid, then adv 2 btv will be as the whole 
resistance. 

Indeed the quantity of resistance from the cohesion of 
the parts of fluids, except in glutinous ones, is very small 
in respect of the other resistance ; and it also increases in 
xi much lower degree, being only as the velocity, while 
the other increases as the square of the velocity, and rather 
more. Hence then the term btv is very small in respect of 
the other term adv 2 { and consequently the resistance is 
nearly as this latter term ;.or nearly as the square of the 
velocity. Which rule has been employed by most authors, 
and is very near the truth in slow motions; but in very 
rapid ones, it differs considerably from the truth, as we 
shall perceive below ; not indeed from the omission of the 
small term bt r, due to the cohesion, but from the \\ant of 
the full counter pressure on the hinder part of the body, 
a vacuum, either perfect or partial, being left behind the 
body in its motion ; and also perhaps to some compression 
or accumulation of the fluid against the fore part of the 
body. IJencc, • 

To conceive the resistance of fluids to a body moving in 
them, we must distinguish between those fluids which, 
being greatly compressed by some incumbent weight, 
always close up the space behind the body in motion, 
without leaving any vacuity there ; and those fluids which, 
not be ing much compressed, do not quickly fill up the 
space quitted by the body in motion, but leave a kind of 
vacuum behind it. These differences, in the resisting 
fluids, will occasion very remarkable varieties in the laws 
of their resistance, and arc absolutely necessary to be con¬ 
sidered in the determination of the action of the air on 
shot and shells; for the air partakes of both these affec¬ 
tions, according to the different velocities of the projected 
body. • 

In treating of these resistances too, the fluids may be 
considered either as - continued or discontinued, that is, 
having their particles contiguous or else as separated and 
unconnected ; and also cither as clastic or non-elastic. If 
a fluid were so constituted, that all the particles composing 
it were at some distance from each other, and having no 
action between them, then the resistance of a body moving 
in it would be casHy. computed, from the quantity of mo¬ 
tion communicated to those particles ; for instance, if a 
cylinder moved in such a fluid in the dircciion of its axis, 
it would communicate to the particles it met with, a velo¬ 
city equal to its own, and in its own direction, when neither 
the .cylinder nor the parts of the fluid arc cliistic : whence, 
it the velocity and diameter of the cylinder be known, and 
also the density of the fluid, there would thence be de¬ 
termined the quantity of motion communicated to the 
fluid, w hich (as action and reaction arc equal) is the same 
with the quantity lost by the cylinder, and consequently 
the resistance would thus be ascertained. 

In ibis kind of discontinued fluid, the particles being 
detached from each other, every one of them can pursue 
its own motion in any direction, at least for some time, 
independent of the neighbouring ones ; so that,'instead of 
a cylinder moving in the direction of its axis, if a body 
with a surface oblique to its direction be supposed to move 
in such a fluid, the motion which the parts of the fluid 
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will hence acquire, w ill not be in the direction of the re¬ 
sisted body, but perpendicular to its oblique surface ; 
whence the resistance to such a body will not be estimated 
from the whole motion communicated to the particles of 
the fluid, but from that part of it only which is in the 
direction of the resisted body. In fluids then, where the 
parts arc thus discontinued from each other, the different 
obliquities of that surface which goes foremost, will occa¬ 
sion considerable changes in the resistance ; though the 
transverse section of the solid should in all cases be the 
same : And Newton has particularly determined that, in 
a fluid thus constituted, the resistance of a globe is but 
half the resistance of a cylinder of the same diameter, 
moving, in the direction of its axis, with the same velo¬ 
city. 

But though the hypothesis of a fluid thus constituted be 
of great use in explaining the nature of resistances, yet we 
know of no such fluid existing in nature ; all the fluids 
with which we are conversant being so constituted, that 
their particles either lie contiguous to each other, or at 
least act on each other in the same manner as if they did : 
consequently, in these fluids, no one particle that is con¬ 
tiguous to the resisted body, can be moved, without moving 
at the same time a great number of others, some of which 
will be distant from it; and the motion thus communicated 
to a'mass of the fluid, will not be in any one determined 
direction, but different in all the particles, according to 
the different positions in which they lie in contact with 
those from which they receive their impulse; whence, 
great numbers of the particles being diverted into oblique 
directions, the resistance of the moving body, which will 
depend on the quantity of motion communicated to the 
fluid in its own direction, will be different in quantity from 
what it would be in the foregoing supposition, and its 
estimation becomes much more complicated and operose. 

If the fluid be compressed by the incumbent weight of 
its upper parts (as all fluids arc with us, except at their 
very surface), and if the velocity of the moving body be 
much less than that with which the parts of the fluid would 
rush into a void space, in consequence of their compres¬ 
sion ; it is evident, that in this case the space left by the 
moving body will be instantanconsly filled up by the fluid ; 
and the parts of the fluid against which the foremost part 
of the body presses in its motion, will, instead of being 
impelled forwards in the direction of the body, in some 
measure circulate towards the hinder part of it, in order 
to restore the equilibrium, which the constant influx of the 
fluid behind the body would otherwise destroy ; whence 
the progressive motion of the fluid, and consequently the 
resistance of the body, which depends upon it, would in 
this instance be much less, than in the hypothesis where 
each particle is supposed, to acquire, from the stroke of 
the resisting body, a velocity equal to that with which 
the body moved, and in the same direction. Newton has 
determined, that the resistance of a cylinder, moving in 
the direction of its axis, in such a compressed fluid as we 
have here treared of, is but one-fourth part of the resistance 
to the same cylinder, if it moved with’ the same velocity 
in a fluid constituted in the manner described in the first 
hypothesis, each fluid being supposed of the-same density. 

But again, it is not only in the quantity of their resist¬ 
ance that these fluids differ, but also in the different manner 
in which they act upon solids of different forms moving in 
them. In the discontinued fluid, first described, the ob¬ 
liquity of the foremost surface of the moving body would 
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diminish the resistance ; but the same thing does not bold 
true in compressed fluids, at least not in any considerable 
degree; for the chief resistance in compressed fluids arises 
from the greater or less facility with* which the fluid, im¬ 
pelled by the fore part of the body, can circulate towards 
its hinder part; and this being little, if at all, nllecled by 
the form of the moving body, whether it be cylindrical, 
conical, or spherical, it follows, that while the transverse 
section of the body is the same, and consequently the 
quantity of impelled fluid also, the change of figure in the 
body will scarcely affect the quantity of its resistance. 

And tiiis case, viz, the resistance of a compressed fluid 
to a solid, moving in it with a velocity much less than 
what the parts of the fluid would acquire from their com¬ 
pression, has been very fully considered by Newton, who 
lias ascertained the. quantity of such a resistance, accord¬ 
ing to the different magnitudes of the moving body, and 
the density of the fluid ; but he expressly informs us that 
lint rules he has laid down, are not generally true, being 
only so on a supposition that the compression of the fluid 
be increased in the greater velocities of the moving body : 
however, some unskilful writers, who have followed him, 
overlooking this caution, have applied this determination 
to budiesmovingwithall degreesof velocity, without attend¬ 
ing to the different compressions of the fluids they arc re¬ 
sisted by ; and by this means they have accounted the re¬ 
sistance, for instance, of the air to musket and cannon 
shot, to be but about one-third part of what it is found to 
be by experience* 

It is indeed evident that the resisting power of the me¬ 
dium must be increased, when the resisted body moves so 
fast that the fluid cannot instantaneously press in behind 
it, and fill tha descried space ; for when this happens, the 
body will be deprived of the pressure of the fluid behind 
it ; which in some measure balanced its resistance, or at 
least the fore pressure, and must support on its fore part 
(he whole weight of a column of the fluid, over and above 
the motion it gives to the parts pf the same; and besides, 
the motion in the particles driven before the body, is less 
affected in this case by the compression of the fluid, and 
consequently they arc less deflected from the direction in 
which they are impelled by the resisted surfucc ; whence 
it happens that this species of resistance approaches more 
and more to that described in the first hypothesis, where 
each particle of the fluid, being unconnected with the 
neighbouring ones, pursued its own motion, in its own 
direction, without being interrupted or deflected by their 
contiguity; and therefore, as the resistance of a discon¬ 
tinued fluid to.a cylinder, moving in the direction of its 
axis, is 4 times greater than the resistance of a fluid suffi¬ 
ciently compressed of the same density, it follows that the 
resistance of a fluid, when a vacuity is left behind the 
moving body, may bo near 4 times greater than that of the 
same fluid, when no such vacuity is formed ; for when a 
void space is thus left, the resistance approaches in its 
nature to that of a discontinued fluid. # 

This then may probably be the case in a cylinder moving 
in the same compressed fluid, according to the different 
degrees of its velocity; so that if it set out with a great 
velocity fi and moves in the fluid till that velocity be much 
diminished, the resistingpower of the medium may be near 
4 timesgreaterintho beginning of its motion than inthe end. 

In a globe, the difference will not be so great, because, 
on account of its oblique surface, its resistance in a dis¬ 
continued medium is but about twice as much as in one 


properly compressed ; for its oblique surface diminishes 
its resistance in one case, and not in the otherhowever, 
as the compression of the medium, even when a vacuity 
is left behind the moving body, may yet confine the 
oblique motion of the parts of the fluid, which arc driven ' 
before the body, and as in an elastic fluid, such as our 
air is, there will be some degree of condensation in those 
parts ; it is highly probable that the resistance of a globe, 
moving in a compressed fluid with a very great velocity,, 
may greatly exceed the proportion of the resistance to 
slow motions. 

And as this increase of the resisting power of the me¬ 
dium will take place, when the velocity of the moving 
body is so great, that a perfect vacuum is left behind it, 
so some degree of augmentation will be sensible in ve¬ 
locities rnuqh short of this; for even when, by the comr 
pression of the fluid, the space left behind the body is in¬ 
stantaneously filled up; yet, if the velocity with which 
the parts of the fluid rush in behind, is not much greater 
than that with which the body moves, the samu reasons 
that Have been urged above, in the case of an absolute 
vacuity', will hold in a less degree in this instance; and 
therefore it is not to be supposed that, in the increased 
resistance which has been hitherto treated of r it imme¬ 
diately vanishes when the compression of the fluid is ^just 
sufficient to prevent a vacuum behind the resisted body y 
but wc must consider it as diminishing only according as 
the velocity, with which the parts of the fluid follow the 
body, exceeds that with which the body moves. 

lienee then it may be concluded, that if a globe sets 
out in a resisting medium, with a velocity much exceed¬ 
ing that with which the particles o£ the medium would 
rush into a void space, in consequence of their com¬ 
pression, so that a vacuum is necessarily left behind the 
globe in its motion; the resistance of this medium to the 
globe will be much greater, in proportion to its velocity,, 
than what we arc sure, from sir 1. Newton, would take 
place in a slower motion: and wc may further conclude, 
that the resisting power of the medium will gradually di¬ 
minish as the velocity of the globe decreases, till at last, 
when it moves with velocities which bear but a small pro¬ 
portion to that with which the particles of the medium 
follow it, the resistance becomes the same with what is* 
assigned by New ton in the case of a compressed fluid. 

And from this determination may bo. seen, how false 
that position is, which asserts the resistance i)f any me¬ 
dium to be always in the duplicate ratio of the velocity 
of the resisted body; for it plainly appears, by what has 
been said, .that this can only be considered as nearly true 
in small variations of velocity, and can never be applied 
in comparing together the resistances to all velocities 
whatever, without incurring the most enormous errprs. 
See Robins’s Gunnery, chap. 2, prop. 1, and my Tract* 
and Course of Mnihcm. vols, 2 and 3. Sec also the ar¬ 
ticles Resistance qf the Air r Projectile, and Gun¬ 
nery. . * . 

Resistance and retardation are used iudiffetcntly for 
each other, ns being both in the same proportion, and the 
same resistance always generating the same retardation.' 
But with regard* to different bodies, the same resistance- 
frequently generates different retardations* the resistance 
being as the quantity of motion, and the retardation a* 
that of the celerity. For the fiiffcrcnco and measure of 
the two, sec Retardation. 

Thcrctardation? from this resistance may be compared 
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together, by comparing the resistance with the gravity or 
quantity of matter. It is demonstrated that the resist¬ 
ance of a cylinder, which moves in the direction of its 
axis, is equal to the weight of a column of the fluid, 
whose base is equal to that of the cylinder, and its alti¬ 
tude equal to the height through which a body must fall 
in vacuo, by .the force of gravity, to acquire the velocity 
of the moving body. So that, if a denote the area of the 
face or end of the cylinder, or other prism, v it?» velocity, 
and n the specific gravity of the fluid j then, the altitude 

' „ / # v 3 • * ; 

due to the velocity v being —the whole resistance, or 

motive force m, will be a x n x — = -; thequau- 

tity g being = 16 ^ feet, or the space a body falls, in 
vacuo, in the first second of time. And the resistance to 
a globe of ihe same diameter would be the half of this.— 
Let a ball, tor instance, of 3 inches diameter, be moved in 
water with a celerity of 16 feet per second of time: now 
from experiments on pendulums, and on falling bodies, it 
has been found, that this is the celerity which a body 
acquires in falling from the height of 4 feet; therefore 
the weight of a cylinder of water of 3 inches diameter, 
and 4 feet high, that is a weight of about 12lb 4oz, is 
equal to the resistance of the cylinder; and consequently 
the half of.it, or 61b 2oz is that of the ball. Or, the for- 


morion here continually generated by the relative gravity, 
will be destroyed by the re*istiince, or the force of resist¬ 
ance is equal to the relative gravity, and the body must 
then go on equably; tor after the velocity is arrived at 


such a degree, that the 


weight 


resisting 


force is equal to the 


that urges it, it can increase no longer, and the 
globe mu>t afterward continue to descend with that ve¬ 
locity uniformly. And a body continually comes nearer 
and nearer to this greatest celerity, but can never attain 
it accurately. Now, n and n being the specific gravities 
of the globe and fluid, n — n will be the relative gravity 
of the globe in the fluid, and therefore ty = | pd 3 (n —//) 
is the weight by which it is urged downward ; also in = 

pn?Pv* . , . 

the resistance, as above; therefore these two 


is 




must be equal when the velocity can be no further in¬ 


creased, or m = w y that is 


pnd 7 1 >* 
*5 


= T P# (n -»), 


or nz>- 


= (* v — n ) ; and hence r = y/ ( J , 4 dg x n ) is the 

said uniform or greatest velocity which the body can at¬ 
tain ; which is evidently the greater in the subduplicatc 
proportion of d the diameter of the ball. Rut v is always 
= s/*&f s > the velocity generated by any accelerative 
forcc/in describing the space s; which bcingcomparcd with 

= igtfoz.or 121b thc formcr > il S ivcs 5 = H when / is = ^ ; that is, 


mula 
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gives 


7034 x 9 x 1000 x 10 x 16 


4g " - 144X4X16 

4oz, for the resistance of the cylinder, or 61b. 2oz. for 
that of thc ball, the same as before. 

Let now the-resistance, so discovered, be divided by thc 
weight of thc body, and the quotient will show thc ratio 
of the retardation to the force of gravity. So, if the said 
ball, of 3 inches diameter, be of cast iron, it will weigh 
nearly 61 ounces, or 3^16; and the resistance being 61b 
2oz, or 98 ounces ; therefore, the resistance being to the 
gravity ns 98 to 61 , thc retardation, or retarding force, 
will be ££ or the force of gravity being 1. Or thus ; 
because a> the area of a great circle of thc ball, is = 
/></*,rvvhete d is the diameter, and p = "7854, therefore 

thc resistance to thc ball is m = * and because its 

solid content is tv = and its weight jSpd 3 , where 

n denotes its specific gravity; therefore, dividing thc 
resistance or motive force m by the weight xv 9 gives 

= f thc retardation, or retarding force, 


the greatest velocity is that which is generated by the ac¬ 
celerating force in passing over the space $d or $ of 
the diameter of the ball f or it is equal to thc velocity ge¬ 
nerated by gravity in describing thc space x $d. For 

ex. if the ball be of load, which is about 11} times the 
density of water; then n = 11 }, n = 1 , n — n =s 

= 10} = y, and x $d = yd = 13yd; 

that is, the uniform or greatest velocity of a ball of lead, 
descending in water, is equal to that which a heavy body 
acquired by falling in vacuo through a space equal to 
13}« of the diameter of thc ball, which velocity is r = 
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that of gravity being 1; which is therefore as thc square 
of thc velocity directly, and as the diameter inversely ; 
and this is the reason why a large ball overcomes the re¬ 
sistance better than a small one, of the same density. See 
my Tracts and Coursers above. 

Reki4tavck of Fluid Mediums to thc Motion of Falling 
Bodies .—-A body freely descending in a fluid, is accele¬ 
rated by the relative gravity of the body, (that is, thc dif¬ 
ference between its own absolute gravity and that of a 
like bulk of the fluid,) which continually acts upon it, 
yet not equably, as in * vacuum : for the resistance of 
the fluid occasions a retardation, or diminution of acce¬ 
leration, which diminution increases with the velocity of 
the body. Hence it happens, that there is a certain ve¬ 
locity, which is the greatest that a body can acquire by 
falling J for if its velocity be such, that the resistance 
arising from it becomes equal to the relative weight of the 
body, its motion can be no longer accelerated; for thc 


2 V^(t dg* ——) = 2v/13 \dg = 8^13jd nearly, or 8 
times the root of the same space. 

Hence it appears, how soon small bodies come to their 
greatest or uniform velocity in descending in a fluid, ns 
water, and how very small that velocity is : which ex¬ 
plains thc reason of thc slow precipitation of mud, and 
small particles, in water, as also why, in precipitations, 
the larger and gross particles descend soonest, and thc 
lowest. 

Further, where n = n, or the density of the fluid is 
equal to that of the body, then y—n = 0, consequently 
the velocity and distance descended are each nothing, and 
the body will just float in any part of the fluid. 

Moreover, when the body is lighter than the fluid, then 
N is less than n, and s — n becomes a negative quantity, 
or the force and motion tend the contrary way, that is, 
thc ball will ascend up towards thc top of thc fluid by a 
motive force which is as n — n. In this case then, the 
body ascending by thc action of the fluid, is moved ex¬ 
actly by the same laws as a-hoavier body falling in the 
fluid. And wherever the body is placed, it is Tustaincd 
by thc fluid, and carried up with a force equal to the 
difference of the weight of a quantity of the fluid of thc 
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same bulk as the body, from the weight of the body ; 
there is therefore a force which continually acts equably 
on the body; by which not only the action of gravity of 
the body is counteracted, so as that it is not to be consi¬ 
dered in this case; but the body is also carried upwards 
by a motion equably accelerated, in the same manner 
as a body heavier than a fluid descends by its relative 
gravity : but the equability of acceleration is destroyed 
in the same manner by the resistance, in the ascent of a 
body lighter than the fluid, as it is destroyed in the de¬ 
scent of a body that is heavier. 

The resistance to a plane surface of 1 foot square, in 
passing through water with various degrees of velocity,* 
is as below : 


Velocities per hour 

Resistances 

in miles. 

in avoirdupois pounds. 

1 

40lbs 

S— 

1 

l 

90 

o 

160 

2 i -. - 

250 

3 

360 

q 1 

°I - V . 

490 

4 ... 

640 

&c. 



For the circumstances of the correspondent velocity, 
space, and time, &c, of a body moving in a fluid in which 
it is projected with a given velocity, or descending by its 
own weight, &c, sec my Tracts and Course, as before- 
mentioned. 

Resistance of the Air, in Pneumatics, is the force 
with which the motion of bodies, particularly of pro¬ 
jectiles, is retarded by the opposition of the air or atmo¬ 
sphere. See Gunneky, Projectiles, &c. 

The air being a fluid, the general laws of the resistance 
of fluids obtain in it; subject only to some variations and 
irregularities from the different degrees of density in the 
different stations or regions of the ntmosphere. 

The resistance of the air is chiefly of. use in military 
projectiles, in order to allow for the differences caused by 
it in their flight and range. Before the time of Mr. Ro¬ 
bins, it was thought that this resistance to the motion of 
such heavy bodies ns iron balls and shells, was too incon¬ 
siderable to be regarded, and that the rules and conclu¬ 
sions derived from the common parabolic theory, were 
sufficiently exact for. the common practice of gunnery. 
But that gentleman showed, 'in his New Principles of 
Gunnery, that, so far from being inconsiderable, it is in 
reality enormously great, and by no means to be rejected 
without incurring the grossest errors; so much so, that 
balls or shells which range, at the most/in tho air, to 
the distance of two or three miles, would in a vacuum 
range to 20 or 30 miles, or more. To determine the 
quantity of this resistance, in ,thc case of different ve¬ 
locities, Mr. Robius discharged musket-bath, with various 
degrees of known velocity, ngainsthis ballistic pendulums, 
placed at several different distances, and sodiscovered by ex- 
periment the quantity of velocity lost, when passing through 
those distances or spaces of air, with the several known 
degrees of celerity. For having thus known the velocity 
lost or destroyed, in passing over a certain space, in a cer¬ 
tain time, (which time is very nearly equal to the quotient 
of the space divided by the medium velocity between the 
greatest and least, or botween the velocity at the mouth of 
the gun and that nt the pendulum j) that is, knowing the 
velocity v, the space s, and time /, the resisting force is 


thence easily known, being equal to ^ or 


where 


b denotes the weight of the ball, and v the medium ve¬ 
locity above-mentioned. The balls employed on this 
occasion by Mr. Robins, were leaden ones, of of a 
pound weight, and £ of an inch diameter; and to the 
medium velocity of 

1600 feet the resistance was 1 lib, 

1065 feet --- it was ; 

but by the theory of Newtcn, before laid down, the for¬ 
mer of these should be only 4$lb, and the latter 2 lb :• so 
that, in the former case the real resistance is more than 
double of that given by the theory, being increased as Q to 
22; and in the lesser velocity the increase is from 2 to 2|, 
or as 5 to 7 only. 

Mr. Robins also invented another machine, having a 
whirling or circular motion, by which he measured the 
resistances to larger bodies, though with much smaller ve¬ 
locities : it is described, and a figure of it given, near the 
end of the 1st vol. of his works, and in the 3d vol. of my 


Tracts. 

That this resisting power of the air to swift motions is 
very sensibly increased beyond what Newton’s theory for 
slow motions makes it, seems'hence to be evident. By 
other experiments it appears that the resistance is very 
sensibly increased, even in the velocity of 400 feet. How¬ 
ever, this increased power of resistance diminishes.as the 
velocity of the resisted body diminishes, till at length, 
when the motion is sufficiently abated, the actual resist¬ 
ance coincides with that supposed in the theory nearly. 
For these varying resistances Mr. Robins has'given a rule, 
though not correct, extending to l 6’70 feet velocity. 

Mr. Euler has shown, that the common doctrine of .re¬ 
sistance answer^ pretty well When the motion is not very- 
swift, but in swift motions it-gives the resistance less than 
it ought to be, on two accounts. 1. Because in quick mo¬ 
tions, the air does not fill up the space behind the body 
fust enough to press on the hinder parts, to counterbalance 
the weight of the atmosphere on the fore part. 2. The 
density of the air before the ball being increased by the 
quick motion, will press more strongly on the fore part, 
and so will resist more than lighter air in its natural ^tate. 
And he has also shown that Mr. Robins has restrained his 
rule to velocities not exceeding 1670 feet per. second ; 
whereas had he extended it to greater velocities, the result 
must have been erroneous; and he gives another formula 
himself, and deduces conclusions differing from those of 
Mr. Robins. See his Principles of Gunnery investigated, 
translated by Brown in 1777, pa. 224 &c. 

Mr. Robins having proved that, in vtfry great changes 
of velocity, the resistance docs not accurately follqw the 
duplicate ratio of the velocity, lays down two positions, 
which he thought might be of some service in thepracticc 
of artillery, till a more complete and accurate theory of 
resistance, and the changes of its augmentation, could be. 
obtained. The first of these is, that till the velocity of the 
projectile surpass 1100 or 1200 feet in A second, the re¬ 
sistance may be esteemed to be in the duplicate ratio of 
the velocity; and. the second is, that When the velocity 
exceeds 1100 or 1200 feet, then the absolute quantity of 
the resistance will-be near 3 times as great as it would be 
by a comparison with the smaller velocities. On these 
principles he proceeds in approximating to the nctual 
ranges of pieces with small angles of elevation, viz, such 
as do not exceed 8° or 10°, which he sots down in ft lablo, 
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compared with their corresponding potential ranges. See 
his MathemalicalTracts, vol. 1, pa. 1 79 &c. Hut we shall 
sec presently that these positions are both without founda¬ 
tion ; that there is no such thing as a sudden or abrupt 
change in the law of resistance, from the square of the\e- 
locity to one that gives a quantity three times as much ; 
but that the change is slow and gradual, from the lowest 
to the highest velocities ; and that the increased real re¬ 
sistance no where rises much higher than double of that 
which Newton's theory gives it. 

Mr.Glenie, in his History of Gunnery, 1776, pa. 4.0, 
observes, in consequence of some experiments with a rifled 
piece, properly fitted for experimental purposes, that the 
resistance of the air to a velocity somewhat less than that 
mentioned in the first of the above propositions, is consi¬ 
derably greater than in the duplicate ratio of the velocity ; 
and that, to a celerity somewhat greater than that stated 
in the second, the resistance is considerably less than that 
which is treble the resistance in the said ratio. Some of 
llobins*s own experiments seem necessarily to make it so ; 
since; to a velocity no quicker than 400 feet in a second, 
he found the resistance to be somewhat greater than in that 
ratio. But the true value of the ratio, and other circum¬ 
stances of this resistance, will more fully appear from what 
follows. * ' 9 

The subject of the resistance of the air, as begun by 
Jlobins, has been prosecuted by myself, to a very great 
extent and variety, both with the whirling machine, and 
with cannon balls of all sizes, from I lb to Gib weight, as 
well as with figures of many other different shapes, both 
on the fore part and hind part of them, and. with planes set 
at all varieties of angles of inclination to the path or mo¬ 
tion of the same ; from all which 1 have obtained the real 
resistance to bodies for all velocities, from 1 up to 2000 
feet per second : together with the law of the resistance to 
the same body for all different velocities, and for different 
sizes with the same velocity, and also for all angles of in¬ 
clination ; a full account of which is givcitdn the 2d and 
3d vols. of my Tracts. Some of the tables and rules are 
abstracted as below. 

Table I. Resistances of several different Bodies. * . 
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In this tabic arc contained the resistances to several 
forms of bodies, when moved with various degrees of velo¬ 
city, from 3 feet per second to 20. The names of the bo¬ 
dies are at the tops of the columns, as also which end went 
foremost through the air ; the different velocities are in the 
first column, and the resistances on the same line, in their 
several columns, in avoirdupois ounces and decimal parts. 
So on the first line are contained the resistances when the 
bodies move with a velocity of 3 feet in a second, viz, in 
the 2d column for the small hemisphere, of 43 inches dia¬ 
meter, its resistance # 028 oz when the flat side went fore¬ 
most; ui the 3d and 4th columns the resistances to a larger 
hemisphere, first with the flat side, and next the round 
side foremost, the diameter of this, as well as all the fol¬ 
lowing figures being 6j inches, and therefore the area of 
the great circle = 32 sq. inches, or \ of a sq. foot ; then 
in the 5th and 6th columns are the resistances to a cone, 
first its vertex and then its base foremost, the altitude of 
the cone being Clinches, being only } inch more than the 
diameter of its base; in the 7th column the resistance to 
the end of the cylinder, and in the 8th that against the 
whole globe or sphere. All the numbers show the real 
weights which arc equal to the resistances; and at the 
bottoms of the columns arc placed proportional numbers, 
which show the mean proportions of the resistances of all 
the figures to one another, with any velocity. Lastly, in 
the 9lh column are placed the exponents of the power of 
the velocity which the resistances in the Sth column bear 
to each other, viz, which that of the 10 feet velocity bears 
to each of the following ones, the medium of all of them 
being as the 2 # 04 power of the velocity, that is, very little 
above the square or second power of the velocity, so far as 
the velocities in this table extend.—From this table the 
following inferences are easily deduced. 

1. That the resistance is nearly in the same proportion 
as the surfaces ; a small increase oi)ly taking place in the 
greater surfaces, and for the greater velocities. Thus, by 
comparing together the numbers in the 2d and 3d co¬ 
lumns, for the bases of the two hemispheres, the areas of 
which bases arc in the proportion of 17% to 32, or 5 to 9 
very nearly, it appeurs that the numbers in those two co¬ 
lumns, expressing the resistances, are nearly as 1 to 2 or 
5 to 10, as far as the velocity of 12 feet ; but after that, 
the resistances on the greater surface increase gradually 
more and more above that proportion. 

2. The resistance to the same surface, with different ve¬ 
locities, is, in these slow motions, nearly as the square of 
the velocity; but gradually increases more and more 
above that proportion as the velocity increases. This is 
manifest from all the columns; and the index of the power 
of the velocity is set down in the 9th column, for the re¬ 
sistances in the 8th, the medium being 2*04 ; by which it 
appears that the resistance to’ the same body is, in these 
slow motions, as the 2 # 04 power pf the velocity* or nearly. 
as the square of it. . 

3.. The round ends, and sharp ends, of solids, suffer less 
resistance than the Qat or plane ends, of the same diame¬ 
ter ; but thrsharper end has not always the less resistance. 
Thus, the cylinder, and the flat ends of the hemisphere 
and cone, have more resistance, .than the round or sharp 
ends of the same;, but the round side of the hemi¬ 
sphere has. less resistance than the sharper end of the 
cone. 

4. The resistance on the ba.^e of the. hemisphere, is to 
that on the round, or whole sphere, as 2} to 1, instead of 
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2 to l v as the theory gives that relation. Also the expe¬ 
rimented resistance, on each of these, is nearly J more 
than the quantity assigned by the theory. 

5. The resistance on the base of the cone, is to that on 
the vertex, nearly as 2-^ to 1 ; and almost in the same 
ratio is radius to the sine of the angle of inclination ot the 
side of the com* to its path or axis. So that, in this in¬ 
stance, the resistance is directly as the sine of the angle 
ol incidence, the transverse section being the same. 

6. When the hinder parts of bodies arc of different 
forms, the resistances are different, though the fore-parts 
bo exactly alike and equal; owing probably to the differ¬ 
ent pressures of the air on the hinder parts. Thus, the rc- 
sisiance to the fore part of the cylinder, is less than on the 
equal flat surface of the cone, or of the hemisphere; be¬ 
cause the hinder part of the cylinder is more pressed or 
pushed, by the following air than those of the other two 
figures; also, for the same reason, the base of the hemi¬ 
sphere suffers a less resisiance than that of the cone, and 
the round side of the hemisphere less than the whole 
sphere. 

Sec other deductions in my Tracts, vol. 3, pa. 193 &c. 

Table II. Resistances both by Experiment and Theory , to 
a Globe of I *955 Inches Diameter . 



In ihe first col. mn of this table are contained the se¬ 
veral velocities, from O up to the great velocity of 2000 
feet per second with whicli the ball or globe moved. 
Iu the 2d column are the experimented resistances, in 
avoiidupois ounces. In the Sd column arc the correspon¬ 
dent resistances, as computed by the foregoing theory. 
In the 4th column are the ratios of these two resistances, 
or the quotients of the fo- mer divided by the latter. And 
in the 5th or last, the indexes of the power of the velocity 


which is proportional to the experimented resistance; 
which are found by comparing the resistance of 20 feet 
velocity with each of the following ones. 

From the 2d, 3d and 4th columns it appears, that at 
the beginning of the motion, the experimented resistance 
is nearly equal to that computed by theory ; but that, as 
the velocity increases, the experimented resistance gra¬ 
dually exceeds the other more and more, till at the velo¬ 
city of 1300 feet the former becomes double the latter; 
after which, the difference increases a little farther, till at 
the velocity of 1600 or 1700 , where that excess is the 
greatest, and is rather less than 2-^; and after this, the 
difference decreases gradually as the velocity increases, 
and at the velocity of 2000, the former resistance again 
becomes just double the latter. 

From the last column it appears that, near the begin¬ 
ning, or in slow motions, the resistances arc nearly as the 
square of the velocities ; but that the ratio gradually in¬ 
creases, with some small variation, till at the velocity of 
1500 or 1600 feet it becomes as the power of the ve¬ 
locity nearly, which is its highest ascent; and after that 
it gradually decreases again, as the velocity goes higher. 
And similar conclusions have also been derived from ex¬ 
periments with larger balls or globes. 

And hence \vc perceive that Mr. Robins's positions ate 
erroneous on two accounts, viz, both in stating that the 
resistance changes suddenly, or all at once, from being as 
the square of the velocity, so as then to become as some 
higher and constant power; and also when he states the 
resistance as rising to the height of three times that which 
is given by the.theory: since the ratio of the resistance 
both increases gradually from the beginning, and yet never 
Ascends higher than of the theory. 


Table III. Resistance to a Plane , set at various Angles 
' of Inclination to its Path . • 



actual experimented resistances, in ounces, to a plane’of 
32 square inches, or i of a square foot, moved through 
the air with a velocity of exactly 12 feet per Second, when 
the plane was set so as to make, with {he direction of its 
path, the corresponding angles in the first column. 

And from these has been deduced this formula, or 
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theorem, viz, # 84s l ’ 642c , which brings out very nearly the 
same numbers, and is a general theorem for every angle, for 
the same plane of £ of a foot, and moved with the same 
velocity of 12 lectin a second of time; where s is the sine, 
and c the cosine of the angles of inclination in the first 
column. 

If a theorem be desired for any other velocity r, 
and any other plane whose area is it will be this: 

, or more nearly ?\av s ; which de¬ 
notes the resistancejnearly to any plane surface whose 
area is a, moved through the air with the velocity v, in a 
direction making with that plane an angle, whose sine is 
1 , and cosine c. 

If it be water or any other fluid, different from air, this 
formula will be varied in proportion to tire density. 

By this theorem were computed the numbers in the 3d 
column ; which it is evident agree very nearly with the 
experiment resistances in the 2d column, excepting in two 
or three of.the small numbers near the beginning, which 
are of the least consequence. In all other cases, the 
theorem gives the true resistance very nearly. In the 4th 
or last column arc entered the sines of the unglcs of the 
first column, to the radius *84, in order to compare them 
with the resistances in the other columns. Whence it 
appears, that, those resistances are not always proportional 
to the sines of the angles, nor yet to the squares of the 
sines, nor to any other power of them whatever. In the 
beginning pf the columns, the sines much exceed the re¬ 
sistances all the way till the angle be between 55 and 60 
degrees ; after which the sines are loss than the resistances 
all the way to the end, or till the angle become of 90 de¬ 
grees. 

Mr. James Bernoulli gave some theorems for the re¬ 
sistances of different figures, in the Acta Erud. Lips, for 
June IC 93 , pa. 252 &c. But as these arc deduced from 
theory only, which we find to be so different from expe¬ 
riment, they cannot be of much use. Messieurs Euler, 
Dalembert, Gravcsandc, and Simpson, have also written 
pretty largely on the theory of resistances, besides what 
had been done by Newton. Also Mr. Vince, in the Philos. 
Trans, an. 1795, pa. 24. 

Solid of Least Resistance. Sir Isaac Newton, from 
his general theory of resistance, deduces the figure of a 
solid which shall have the least resistance, of the same 
base, height, and content. 



The figure is this. Suppose dng to be a curve of such 
b nature, that if from any point n the ordinate nm bo 
drawn perpendicular to the axis ab ; and from a given 
point o tbgre be drawn 011 parallel to a tangent at n, and 
meeting the axis produced in a; then if jun be to or, as 
or 3 to 4 b a x bo 1 , a solid described by the revolution of 
this figure about its axis ab, moving in a medium from'A 
-towards b, is less resisted than any other circular solid of 
the same base, &c. 

This theorem, which Newton gave without a demon- 
fttralion,kas been demonstrated by several mathematicians,. 


as Facio, Bernoulli, Hospital, &c. Sec Maclaurin's Flux, 
sect. 606 and 607 ; also Horsley's edit, of Newton, \ol. 
2, pa. 390. See also Act. Erud. 16‘99> P a - 514; and Mem. 
de l’Acad. See ; also Robins's View of Newton’s method 
for comparing the Resistance of Solids, 8vo, 1734; and 
Simpson's Fluxions, art. 413; or my Principles of Bridges, 
in my Tracts, prop. 15. 

M. Bougucr has resolved this problem in a very general 
manner; and not in supposing the solid to be formed by the 
revolutions of any figure whatever. The problem, as enun¬ 
ciated and resolved by M. Bouguer, is this: any base be- 
ing given, to find what kind of solid must be formed upon 
it, so that the impulse upon it may be the least possible. 
Properly however it ought to be the retardive force, or 
the impulse divided by the weight or mass of matter in 
the body, that ought to be the minimum. 

RESOLUTION, in Physics, the reduction of a body 
into its original or natural state, by a dissolution or sepa¬ 
ration of its aggregated parts. Thus, snow and ice are 
said to be resolved into water; water resolves in vapour 
by heat; and vapour is again resolved into water by cold ; 
also any compound is resolved into its ingredients, &c.— 
Some of the modern philosophers, particularly Boyle, 
Mariotte, Bocrhaave, &c, maintain, that the natural state 
of water is to he congealed, or in ice; inasmuch as a cer¬ 
tain degree of heat, which is a foreign and violent agent, 
is required to make it fluid : so that near the pole, where* 
this foreign agent is wanting, it constantly retains its fixed 
or icy state. 

# Resolution, or Solution, in Mathematics, is an 
orderly enumeration of several things to he done, to ob¬ 
tain what is required in a problem.—Wolfius makes a 
problem to consist of three parts : the proposition (or 
what is properly called the problem), the resolution, and 
the demonstration. As soon as a problem is demonstrated, 
it is converted into a theorem ; of which the resolution 
is the hypothesis; and the proposition the thesis. For 
the process of a mathematical resolution,-see the follow¬ 
ing article. 

Resolution in Algebra , or Algebraical Resolution,* 
is of two kinds ; the one practised in numerical problems, 
the other in geometrical ones. 

In Rerolving a Numerical Problem Algebraically , the me¬ 
thod is this. 1st, the given quantities arc distinguished 
from those that arc sought; and the former denoted by 
the initial letters of the alphabet, but the latter by the last 
letters.—2d, Then as many equations arc formed as there 
arc unknown quantities. If that cannot be done from 
‘the proposition or data, the problem is indeterminate; 
and certain arbitrary assumptions must be made, to sup 
ply the defect, and which can satisfy the question. When 
the equations are not contained in the problem itself, 
they arc to be found by particular theorems concerning 
equations, ratios, proportions, &c.—Since, in an equation, 
the known and.unknown quantities are mixed together, 
they must be separated in such a manner, that the un¬ 
known 011 c remain alone on one side, and the known ones- 
on the other. This reduction, or separation, is made by 
addition, subtraction, multiplication, division, extraction- 
of roots, and raising of powers; resolving every kind of 
combination of the quantities, by their counter or re¬ 
verse ones, and performing the same operation on all the- 
quantities or terms, on both sides of the equation, that 
the equality may still be preserved. 

To Resolve a Geonbeiricul Problem Algebraically .—Tho 
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^me kind of operations are to be performed, as in the 
former article ; besides several others, that depend on the 
nature of the diagram, and geometrical properties. As 
I st, the thing required or proposed, must be supposed done, 
the diagram being drawn or constructed in all its parts, 
both known and unknown. 2. Wc must then examine the 
geometrical relations which tlie lines of the figure have 
among themselves, without regarding whether they arc 
known or unknown, to find what equations arise from 
those relations, for finding the unknown quantities. 3. It 
is often necessary to form similar triangles and rectangles, 
sometimes by producing of lines, or drawing parallels and 
perpendiculars, and forming equal angles, &C ; till equa¬ 
tions can be formed, from them, including both the known 
and unknown quantities. 

It we do not thus arrive at proper equations, the thing 
is to be tried in some other way. And sometimes the 
thing itself, that is required, is not to be sought directly, 
but some other tiling, bearing certain relations to it, by 
means of which it may be found. 

'1 lie final equation being at last arrived at, the geome¬ 
trical construction is to be deduced from it, which is per¬ 
formed in various ways according to the different kinds of 
equations. See Analysis. 

Resolution of Forces , or of I\lotion % is the resolving 
or dividing of any one force or motion, into several 
others, in other directions, but which, taken together, 
shall have the some effect as the single one; and it is 
the reverse of the composition of forces or motions. See 
these articles. 

Any single direct force ad, may be 
resolved into two oblique forces, whose 
quantities and directions are ab, ac, 
having thesamceffect,hy describing any 
parallelogram abdc, whose diagonal 
is ad. And each of these may, in like 
manner, be resolved into two others ; 
and so on,* as far as we please. And all these new forces, 
or motions, so found, when acting together, will produce 
exactly the same effect as the single original one. Sec also 
Collision, Percussion, Motion, Composition, Pa¬ 
rallelogram and Polygon of Forces , &c. 

REST, in Physics, the continuance of a body in the 
same place; or its continual application or contiguity to 
the same parts of the ambient and contiguous bodies.— 
See Space. 

•. Rest is cither Absolute or Relative, as place is. 

Some define Rest to be the state of a thing without mo¬ 
tion ; and honcc again rest becomes either absolute'or re- 


body be likewise relatively moved in the ship, its real mo* 
lion will arise partly from the real motion of the earth in 
immoveable space, and partly from the relative motion of 
the ship on the sea, and of the body in the ship. 

It is an axiom in philosophy, that matter is indifferent 
as to rest or motion. Hence Newton lays it down, as a 
law of nature, that every body perseveres in its slate, either 
of rest or uniform motion, except so far as it is disturbed 
by external causes.—The .Cartesians assert, that firmness, 
hardness, or solidity of bodies, consists in this, that their 
parts arc at rest with regard to each other ; and this rest 
they establish as the great nexus, or principle of cohesion, 
by which the parts arc connected together. On the other 
hand, they make fluidity to consist in a perpetual motion 
of the parts, &c. But the Newtonian philosophy furnishes 
us with much, better solutions.—Maupcrtuis asserts, that 
when bodies arc in cquilibrio, and any small motion is 
impressed on them, the quantity of action resulting will 
be the least possible. This he calls the law of rest; and 
from this law he deduces the fundamental proposition of 
statics. Sec Berlin Mem. tom. 2, pa.294. And from the 
same principle too he deduces the laws of percussion. 

RLS'I I 1 U 1'ION, in Physics, the returning of elastic 
bodies, forcibly bent, to their natural state; by some 
called the Motion of Restitution. 

RLTARDA'I ION, in Physics, the act of retarding, 
that is, of delaying the motion or progress of a body, or 
of diminishing its velocity.—The retardation of moving 
bodies arises from two great causes, the resistance of the* 
medium, and the force of gravity. 

Retardation from the \Resiitance is often confounded 
with the resistance itself; because, with respect to thc.samc 
moving body, they arc in the same proportion. 

But with respect to different bodies, the same resistance 
often generates different retardations. For if bodies of 
equal bulk, but different densities, be moved through the 
same fluid with equal velocity, the fluid will net equally 
on each ; so thut they will have equal resistances, but 
different retardations; and the retardations will be to each 
other, as the velocities which might be generated by the 
same forces in the bodies proposed ; that is, they are in¬ 
versely as the quantities of matter in the bodies, or in¬ 
versely ns the densities. 

Suppose then bodies of equal density, but of unequal 
bulk, to move equally fast through the same fluid ; then 
their resistances increase according to their superficies, 
that is as the squares of their diameters; but the quanti¬ 
ties of matter are increased according to their mass or mag- 
, aim uvin-v again rest uccomcseiincr nosotutc or re- nitude, that is as the cubes of their diameters: the rcsist- 
lative, as motion is. anccs arc the quantities of motion ; the retardations are 

Newton defines true or absolute rest to be the continu- . the celerities arising from them; and dividing the quanti- 
ancc of a body in the same part of absolute and immovc- tics of motion by the quantities of matter, wc shall have 



able space ; and relative rest to be the continuance of a 
body in tin- same part of relative space. Thus, in a ship 
under sail, relative rest is the continuance of a body in 
the same part of the ship. But true or absolute rest is 
its continuance in the same part of universal space in 
which the ship itself is contained. 

Hence, if the earth were really and absolutely at rest, 
the body relatively at rest in the ship would really and 
absolutely move, and that with the same velocity as the 
ship itself. But as the earth also moves, there arises a real 
and absolute motion of the body at rest; partly front the 
real motion of the earth in absolute space, and partly from 
the relative motion of the ship on the sea. Lastly, if the 


the celerities; therefore the retardations are directly as 
the squares of the diameters, and inversely as the cubes 
of the diameters, that is inversely as the diameters them¬ 
selves. 

If the bodies be of equal magnitude and density, and 
moved through different fluids, with c-qual celerity, their 
retardations are as the densities of the fluids. And when 
equal bodies are carried through the same fluid with 
different velocities, the Retardations arc as the squares ol 
the velocities. 

So that, if s denote the superficies of a body, u> its 
weight, d its diameter, r the velocity, and n the density 
of the fluid medium, anti K that of the body; then, in 
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similar bodies, the resistance is as nsv* or as ml 2 v 2 , and the 

, .. - rzsv* nd'v J nv J 

retardation, or retarding force, as -, or as—— = —. 

° W Sit sd 

The Retaudatiok from Gratify is peculiar to bodies 
projected upwards. For a body thrown upwards is re¬ 
tarded after the same manneras a falling body is accelerated ; 
only in the one case the force of gravity conspires with the 
motion acquired, and in the other it acts contrary to it. 

As the force of gravity is uniform, the retardation from 
that cause will be equal in equal times. And hence, as 
it is the same force which generates motion in the falling 
body, and diminishes it in the rising one, a body rises till 
it lose all its motion ; which it does in the same time in 
which a body falling would have acquired a velocity equal 
to that with which the body was thrown up. 

Also, a body thrown up will rise to the same height 
from which, in falling, it would acquire the same velocity 
with which it was thrown up: therefore the heights which 
bodies can rise to, when thrown up with different veloci¬ 
ties, are to each other as the squares of the velocities. 

Hence, the retardations of motions may be compared 
together. For they are, first, as the squares of the velo¬ 
cities ; 2dly, as the densities of the fluids through which 
the bodies arc moved ; 3dly, inversely as the diameters 
of those bodies ; 4thly, inversely as the densities of 
the bodies themselves; as expressed by the theorem above, 

. nu ?. 
viz, —. 

N d 

The Laws ©/'Retardation, are the very same as those 
for acceleration ; motion and velocity being destroyed in 
the one case, in the very same quantity and proportion as 
they are generated in the other. 

RETICULA, or Reticule, in Astronomy, a con¬ 
trivance for very accurately measuring the quantity of 
eclipses, &cc. This instrument, introduced some years 
since by the Paris Acad* of Sciences, is a little frame, 
consisting of 13 fine silken threads, parallel to, and equi¬ 
distant from each other; placed in the focus of object- 
glasses of telescopes ; that is, in the place where the imago 
of the luminary is painted in its full extent. Consequently 
the diameter of-the sun or moon is thus seen divided into 
12 equal parts or digits : so that, to find the quantity of 
the eclipse, there is nothing to do but to number the parts 
that are dark, or that are luminous.—As a square reticule 
is only proper for the diameter of the luminary, not for 
the circumference of it, it is sometimes made circular, by 
drawing 6 concentric equidistant circles; which represents 
the phases of the eclipse perfectly.—But it is evident that 
the reticule, whether square or circular, ought to be per¬ 
fectly equal to the diameter or circumference of the sun 
or star, such as it appears in the focus of the glass; other¬ 
wise the division cannot be just. And this is no easy 
matter to effect, because the apparent diameter of the sun 
and moon differs in each eclipse; nay that of the moon 
differs from itself in the progress of the same eclipse.— 
Another imperfection in the reticule is, that its magnitude 
is determined by that of the image in the focus ; and of 
consequence it will only fit one certain magnitude. 

But M. Lahire has found a remedy for all these incon¬ 
veniences, and contrived that the same reticule shall serve 
for all telescopes, and all magnitudes of the luminary in 
the same eclipse. The principle on which his invention 
is founded, is, that two object-glasses applied against each 
other, having a common focus, and these forming an image 
'of a certain magnitude, this image will increase in pro* 
Vol.41. 4 # 


portion as the distance between the two glasses is in¬ 
creased, as far as to a certain limit. If therefore a reticule 
be taken of such a magnitude, asjubt to comprehend the 
greatest diameter the sun or moon can ever have in the 
common focus of two object-glasses applied to each other, 
there needs nothing but to remove them from each other, 
as the body comes to have a less diameter, to have the 
image still exactly comprehended in the same reticule. 

Further, as the silken threads are subject to swerve 
from the parallelism, &c, by the different temperature of 
the air, another improvement is, to make the reticule of 
a thin looking-glass, by drawing lines or circles upon it 
with the fine point of a diamond. See Micrometer. 
RETIRED Flank, in Fortification. See Flank. 
llE'l ROCESSION of Curtesy be. See Retrocra- 

DATION. • 

Retrocession of (he Equinox. See Precession 
RETROGRADATION, or Retrogression, in Astro¬ 
nomy, is an apparent motion of the planets, by which 
they seem to go backwards in the ecliptic, and to move 
contrary to the order or succession of the signs. 

When a planet moves in consequentia, or according to 
the order of the signs, as from Aries to Taurus, from 
Taurus to Gemini, 6cc, which is from west to cast, it is 
said to be Direct.—When it appears for some days in the 
same place, or point of the heavens, it is said to be Sta¬ 
tionary.—And when it goes in antcccdcntia, or backwards 
to the foregoing signs, or contrary to the order of the signs, 
which is from east to west, it is said to be Retrograde. 
All these different affections or circumstances, may happen 
in all the planets, except the sun and moon, which are 
seen to go direct only. But the times of the superior and 
inferior planets being retrograde are different; the former 
appearing so about their opposition, and the latter about 
their conjunction. The intervals of time also between two 
rctrogradations of the several planets, are very unequal. 
In Herschcl it is 1 year 6 days, 

In Saturn - - 1 - - - 13 

In Jupiter - - 1 - - - 43 

In Mars - - - 2 - - - 50 

In Venus - -> 1 - - 220 

In Mercury - 0 - - 115 
Again, Herschcl continues retrograde 153 clays, Saturn 
140, Jupiter 120 , Mars 73, Venu 9 42, and Mercury 22 ; 
or nearly so ; for the several rctrogradations of the same 
planet aro not constantly equal. 

These various circumstances however in the motions 
of the planets are not real, but only apparent; as the in¬ 
equalities arise from the motion and position of the 
earth, from which they are viewed; for when they anj 
considered as seen from the sun, their motions appear al¬ 
ways uniform and regular. These inequalities arc thus 
explained : ' • 

Let s-denote the sun ; tmd adcd&c the path or orbit 
of the earth, moving from west to east, and in that or¬ 
der ; also gk&c the orbit of a superior planet, as Saturn 
for instance, moving the same way, or in the direction 
gklg, but with a much less celerity than the earth’s mo¬ 
tion. Now when the earth is at the point a of its orbit 
let Saturn be at g, in conjunction with the sun, when 
it will be seen at p in the zodiac, or amonsthc stars • and 
when the earth has moved from a to n, let Saturn*have 
moved from o to h in its orbit, when it will be seen in the 
line BHQ, and will appear to have moved from p to q in 
the zodiac; also when the earth has got to c, let Saturn 
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be arrived at t, but found at u in the zodiac, where being 
seen in the line cm, it ap¬ 
pears stationary, or without 
motion in the zodiac at n. 

But alter this, Saturn will 
appear for some time in re- 
trogradution, viz, moving 
backwards, or the contrary 
nay : for when the eartli hns 
moved to r>, this planet will 
have got to k, and, being 
seen in the line dk«j, will 
appear to have moved retro¬ 
grade in the zodiac from it 
to q; about which place the 
planet, ceasing to recede any 
farther, again becomes stationary, and afterwards proceeds 
forward again ; lor while the earth moves from p to e, and 
Saturn from k to l, the latter, being now seen in the line 
llk, appears to have moved forward in the zodiac from 
q to u : and so on ; the superior planets always becoming 
retrograde a little before they are in opposition to the 
sun, and continuing so till sometime after the opposition: 
tlm retrograde motion being swiftest when the planet is in 
the very opposition itself; and the direct motion swiftest 
when m the conjunction. The arch rq, which the planet 
describes while thus retrograde, is called the arch of re- 
trogradation. These arches are unequal in all the planets, 
being greatest in the most distant, and gradually less in 
the nearer ones. 

In like manner may he shown the circumstances of the 
retrogradalions of the inferior planets; b}' which it will 
appear, that they become stationary a little before their 
inferior conjunction, and go retrograde till a little time 
after it; moving the quickest retrograde just at that con¬ 
junction, and the quickest direct just at the superior or 
further conjunction. 

Rltrog radation of the Nodes of the Moon, is a mo¬ 
tion of the line of the nodes of her orbit, by which it 
continually shifts its situation from cast to west, contrary 
to the order of the signs, completing its retrograde circu¬ 
lation in the period of about 19 years: after which time, 
either of the nodes, having receded from any point of the 
ecliptic, returns to the same again.—Newton has demon¬ 
strated, in his Principia, that the Rctrogradation of the 
moon's nodes is caused by the action of the sflh, which 
continually drawing this planet from her orbit, deflects 
this orbit from a plane, and causes its intersection with 
the ecliptic continually to vary ; and his determinations 
on this point have been confirmed by observation. 

Hetuoo radation qf the Sun, a motion by which in 
some situations, in the torrid 
zone, he seems to move re¬ 
trograde or backwards. When 
the sun is in the torrid zone, 
and has his declination a m 
greater than the latitude 
of the place az, hut cither 
northern or southern as that 
is, the sun will appear to go 
retrograde, or backwards, 
both beforp and uftcr noon. 

For draw the vertical circle 
, #gn to be a tangent to* the 
sun’s diurnal circle wco in 


o, and another y.os through the suns rising, at o : then 
it is evident, that all the intermediate vertical circles cut 
the sun's diurnal circle twice; first in the arc go, and the 
second time in the arc gi. So that, as the sun ascends 
through the arc go. he continually arrives at farther and 
farther verticals. But as he continues his ascent through 

c 

the arc gi, he returns to his former verticals; and there¬ 
fore is seen retrograde for some time before noon. And 
in like manner it may be shown that he does the same 
thing for some time after noon. Hence, as the shadow 
always tends opposite to the sun, it will be retrograde 
twice* every day in all places of the torrid zone, where the 
sun’s declination exceeds the latitude. 

Ret uugkad at ion , or Retrogression, in the Higher 
Geometry, is the same with what is otherwise culled Con¬ 
trary Flexion orFIcxurc. See Flexure, and Inflexion. 

RETROGRADE, denotes backward, or contrary to 
the forward or natural direction. See Retrog rada¬ 
tion. 

RETROGRESSION, or Retrocession. The same 
with Retrograration. 

RETURNING Stroke, in Electricity, is an Expression 
used by lord Mnhon (now Earl Stanhope) to denote the 
effect produced by the return of the electric flic into a 
body from which, in certain circumstances, it has been 
expelled. * . • 

Ty understand properly the meaning of these terms, it 
must be premised that, according to the noble author's 
experiments, an insulated smooth body, immerged within 
the electrical atmosphere, but beyond the striking distance 
of another body, charged positively, is at the same time 
in a slate of threefold electricity. The end next to the 
charged body acquires negative electricity ; the farther 
end is positively electrified ; while a certain part of the 
body, somewhere between its two extremes, is in a na¬ 
tural, unelectrified, or neutral state; so that the two con¬ 
trary electricities balance each other. It may further 
be added, that if the body be not insulated, but have a 
communication with the earth, the whole of it will he in 
a negative state. Suppose then u brass ball, which may 
be called a, to be constantly placed at the striking dis¬ 
tance of a prime conductor; so that the conductor, the 
instant when it becomes fully charged, explodes into it. 
Let another large or second conductor be suspended, in a 
perfectly insulated state, farther from the prime conductor 
than the striking distance, but within its electrical atmo¬ 
sphere: let a person standing on an insulated stool touch 
this second conductor very lightly with a finger of his 
right hand ; while -with a finger, of his left hand, he 
communicutos with the'earth, by touching very light¬ 
ly a second brass ball fixed 'at the top of n metallic 
stand, on the floor, which may be culled n. Now 
while the prime conductor is receiving its electricity, 
sparks pass (at least if the distance between the two con¬ 
ductors is not too great) from the second conductor to 
the right hand of the insulated person ; while similar and 
simultaneous sparks puss out from the finger of his left 
hand into the second metallic ball B, communicating 
with the earth. At length however the prime conductor, 
having acquired its full charge, suddenly strikes into the 
bull a, of the first mctullic stand, placed for that purpose 
at the striking distance. The explosion being made, and 
the prime conductor suddenly deprived of its elastic at¬ 
mosphere, its pressure or action on tho second conductor, 
and on the insulated person, as suddenly ceases; and (he 
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latter instantly feels a smart returning strike, though he 
has no direct or visible communication (except by the 
floor) with either of the two bodies, and is placed at life 
distance of 5 or 6 feet from boll) of them. This return¬ 
ing stroke is evidently occasioned by the sudden rc-rn- 
trance of the electric lire naturally belonging to his body 
and to the second conductor, which had before been ex¬ 
pelled by the action of the charged prime conductor up¬ 
on them; and which returns to its former place in the 
instant when that action or elastic pressure ceases. Whe n 
the second conductor and the insulated person arc placed 
in the densest part of the electrical atmosphere of the 
prime conductor, or just beyond the striking distance, 
iheeffocts are still more considerable; the returning stroke 
being in that case extremely severe and pungent, and ap¬ 
pearing considerably sharper than even the main stroke 
itself, received directly from the prime conductor. Lord 
Mahon observes, that persons and animals may be de¬ 
stroyed, and particular parts of buildings may be much 
damaged, by an electrical returning stroke, occasioned 
even by some very distant explosion from a thunder¬ 
cloud.; possibly at the distance of a mile or more. It is 
certainly not difficult to conceive that a highly charged 
thunder-cloud must be productive of effects similar to 
those produced by the prime conductor; but perhaps the 
effects are not so great, nor the danger so terrible, as it 
sccins have been apprehended. If the quantity of electric 
fluid naturally contained, for example, in the body of a 
man, were immense or indefinite, then the estimate be¬ 
tween the effects producible by a cloud, and those caused 
by a prime conductor, ini^lit be admitted ; but surelv no 
electrical cloud can expel from a body more than the na¬ 
tural quantity of electricity which it contains. On the 
sudden removal therefore of the pressure by which this 
natural quantity had been expelled, in consequence of 
the explosion of the cloud into the earth, no more (at the 
utmost) than the whole natural stock of electricity can 
re-enter his body, provided it be so situated, that the re¬ 
turning fire of other bodies must necessarily pass through 
his body. But perhaps we have no reason to suppose thut 
this quantity is so great, a* that its sudden re-cntrancc 
into bis body should destroy or injure him. 

Allowing therefore the existence of the returning stroke, 
as sufficiently ascertained, and well illustrated, in a va¬ 
riety of circumstances, by the author's experiments, the 
magnitude and danger of it do not seem to be so alarm¬ 
ing as he apprehends. Sec Lord Mahon's Principles of 
Electricity, tic c. 4lo. 1779* pa* 76, 113, and 131. Also 
Monthly Review, vol, 62, pa. 436. 

REVERSION in Annuities, or Reversionary Payments , 
are payments that arc not to be made till after some 
stated period; being thus distinguished from payments 
that arc to be mude immediately. 

Reversions arc either certain, or contingent: of the 
former kind, arc all sums payable after a certain number 
of years, or any other fixed and determinate period of 
time, as also on the extinction of any lives. And of the 
latter sort, arc all such reversions as depend on any con¬ 
tingency ; anrl particularly the survivorship of any lives 
beyond, or after, others. See the .articles Assurance, 
Annuities, Life Annuities, and Survivorship. 

Reversion of Series, in Algebra; is the finding the 
value of the root, or unknown quantity, whose powers 
enter tbe terms of an infinite series, by means of another 
infinite series in which it is not contained. As, in the 


infinite >crics t = ar -f- hi 2 ex' dx 4 fee; then if 
there be found x = \z -t- hz z c:’ &c t that $c ries i* re¬ 
vert ed, or its root x is found in an infinite series of other 
terms. 


This was one of Newton's improvements in analysis, 
the first specimen of which was given in his Analysis per 
jEqualioncs Numcro Terininorum Infinitas; and it is ut 
great use in resolving many problems in various parts of 
the mathematics. 

The most usual anti general way of reversion, is to as¬ 
sume a series, of a proper form, for the value of ihc re¬ 
quired unknown quantity; then substitute the powers of 
this value, instead of those of that quantity into the given 
series; lastly compare the resulting terms with the said 
given series, and the values of the assumed coefficients 
will thus be obtained. So, to revert the scries z = cr 
-+- bx 2 cx* fee, or to find the value of x in terms of r ; 
assume it thus, x =s a: + i\z* cz 3 &c; then by in¬ 
volving this series, for the several powers of x, and mul- 
tiplying the corresponding powers by a, b 9 c , ft C, there re¬ 
sults 

z = axz fibz 2 aez' -4- avz\ &c. 

-i- b\*z* -4- 26a uz 3 -4- 2/>acz* 

-t- bti*Z* 

h- caV h- 3ca 2 ds 4 
-H c/a V 

Then by comparing the corresponding terms of this last 
series, or making their coefficients equal, there arc ob¬ 
tained these equations, viz, 

a\ = I, and a b ■+■ Aa“ = 0, and ac 2Aab ■+■ ca 3 =s 0, 
&c, which give these values of the assumed coefficients, 



•P’aB -4- ex* Sib — ac 


C 

D 


a a 

2f-AC -4- bti 9 -4- OrA a n -4- r/.V* 


bale — bl* — a 9 d 


; &c. consequently 
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x = - x — — s 
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a 9 <f . 

— z\ fee. 


which is therefore a general formula or theorem for every 
series of the same kind, as to the powers of the quantity x. 
Thus, for 

Ex. Suppose it were required to revert the series' 
z = x — x 2 - 4 - x 5 — a 4 , fee. 

Here a = 1, b = — 1 , c 1 , d = — 1 , &c; which 
values of those letters being substituted in the theorem, 
there results x = s -f- z 1 - 4 - z 3 -4- z\ &c, which is that 
scries reverted, or the value of x in it. 

In the same way it will be found that the theorem for, 
reverting the scries 
z = ax -4- Ax 3 cx 5 -4- dx 7 &cc\ is 

1 b - abb — ac . a 9 d -4- 126* — Qahe 0 

f =a 2 - ^- 2 - — 2 -?•“- ; &c - 

Various methods of reversion may be scon ns given by 
Dc Moivre in the Philos. Trans. No. 240; or Maclauriu’s 
Algebra pa. 263 ; or Stuart’s explanation of Newton's 
Analysis ( &c. pa.455; or Colson’s Comment on Newton's 
Dux. pa. 219; or Horsley's ■ed. of Newton's works vol. I, 
pa. 291 ; or Simpson's Flux. vol. 2, pa. 302; or most au¬ 
thors on algebra. ‘ , 

REVETEMENT, in Fortification, a strong wull built 
on tbe outside of tbe rampart and parapet, to support the 
earth, and prevent its rolling into tbe ditch. 

REVOLUTION, in Geometry, tbe motion of rotation 
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of a line about a fixed point or centre, or of any figure 
about a fixed axis, or upon any line of surface. Thus, 
ihc revolution of a given line about a fixed centre, gene¬ 
rates a circle; and that of a right-angled triangle about 
one side, as an axis, generates a cone; and that of a semi¬ 
circle about its diameter, generates a sphere or globe, &c. 

Revolution, in Astronomy, is the period of a star, 
planet, or conn t, &c ; or its course from any point of its 
orbit, till it return to the simc again. 

The planets have a twof Id revolution. The one about 
their own axes, usually called their diurnal rotation, which 
constitutes their day. 1 he other about the sun, called 
their annual revolution, or period, constituting their year. 

REYN LA U (Ch arles-Rene), commonly, called fa¬ 
ther Reyneau, a noted French mathematician, was born at 
Brissac m the province of Anjou, in the year 1656. • At 
20 years ol age be entered himself among the Oratorians, 
a kind oi religious order, in which the members lived in 
community without making any vows, and applied them¬ 
selves chiefly to the education of youth. He was soon 
after sent, by bis superiors, to teach philosophy at Pczenas, 
and then at Toulon. This requiring sonic acquaintance 
with geometry, he contracted a great affection for that 
science, which he cultivated and improved to a great ex¬ 
tent ; in consequence he was called to Angers in 16*83, to 
fill the mathematical chair; and the Academy of Angers 
elected him a member in ]694. 

In this occupation father Ileyncau, not content with 
making himself master of every thing worth knowing, which 
the modern analysis, so fruitful in sublime speculations 
and ingenious discoveries, bad already produced, under¬ 
took to reduce into one body, for the use of bis scholars, 
the principal theories scattered about in Newton, Des¬ 
cartes, Leibnitz, Bernoulli, the Leipsic Acts, the Memoirs 
oi the Paris Academy, and in other works ; treasures which 
by being so widely dispersed, proved much less useful than 
they otherwise might have been. I hc fruit of this under¬ 
taking, was his Analyse Dcmontrec, or Analysis Demon¬ 
strated, which he published in 2 volumes 4to, 1708. 

Reyneau, alter thus giving lessons to those who under¬ 
stood something oi geometry, thought proper to compose 
a work also for such as were utterly unacquainted with 
that science. f I his was in some measure a condescension 
in him, but bis passion to be useful made it easy and agree¬ 
able. Accordingly, in’ 1714 he published a useful vo¬ 
lume in 4to on calculation, under the title of Science du 
Calcul des Grandeurs. 

As soon as the Royal Academy of Sciences at Paris, in 
consequence of a regulation made in the year 1716 , opened 
its doors to other learned men, under the title of Free Asso¬ 
ciates, lather Reyneau was admitted of the number. The 
works however which we have already mentioned, besides 
a small piece upon logic, arc the only ones he ever pub¬ 
lished, or probably ever composed, except most of the ma¬ 
terials for a second volume of his Science du Calcul, 
which he left behind him in manuscript. The last years 
of his life were attended with too much sickness to admit 
of any extraordinary application. He died in 1728, at 
72 years of age, not more regretted on account of his 
great learning, than of his many virtues, which all con¬ 
spired in an eminent degree to make that learning agree¬ 
able to those about him, and useful to the world. . The 
first men in France deemed it an honour and a happiness 
to count him among their friends. Of this number were 
the chancellor of that kingdom, and father Mnllcbr&nchc, 
of whom Reyneau was a zealous and faithful disciple. 


RHABDOLOGY, or Rabdolooy, in Arithmetic, a 
name given by Napier to a method of performing some of 
the more difficult operations of numbers by means of cer¬ 
tain square little rods. Upon these are inscribed the 
simple numbers; then by shifting them according to cer¬ 
tain rules, those operations are performed by simply add¬ 
ing or subtracting the numbers as they stand upon the 
rods. See Napier's Rabdologin, printed in 16*17. Sec 
also the article Napier's Bones . 

RHEO-STATICS, is used by some for the statics, or the 
science of the equilibrium of fluids. 

RIIETICUS (George Joachim), a noted German 
astronomer and mathematician, who was the colleague of 
Reinhold in the university of Wittemberg, being joint pro¬ 
fessors of mathematics there together. He was born at 
Feldkirk in Tyrol the 15th of February 1514. After 
studying the elements of the mathematics at Zurich with 
Oswald Mycone, he went to Wittemberg, where he dili¬ 
gently cultivated that science. Here he was made master 
of philosophy in 1535, and professor in 1537. He quitted 
this situation however two years after, and went to Fruen- 
burg to put himself under the assistance of the celebrated 
Copernicus, being induced to this step by his zeal for 
astronomical pursuits, and the great fame which Coperni¬ 
cus had then acquired. Rheticus assisted this astronomer 
for some years, and constantly exhorted him to perfect 
his work, Dc Rcvolutionibus, which he published after the 
death of Copernicus, viz, in 1543, folio, at Noriinberc, 
together with an illustration of the same in a narration, 
dedicated to Schoncr. Mere too, to render ustronomical 
calculations more accurate, he; began his very elaborate 
canon of sines, tangents, and secants, to 15 places of fi¬ 
gures, and to every 10 seconds of the quadrant, a design 
which he did not live quite long enough to complete. The 
canon of sines however to that radius, for every 10 seconds, 
and for every single second in the first and last degree of 
the quadrant, computed by him, was published in folio at 
Francfort 1613 by-Pitiscus, who himself added a few of 
the first sines computed to 22 places of figures. Blit the 
larger work, or canon of sincs x tangents, and secants, to 
every 10 seconds, was finished and published after his 
death, viz, in 1596, by his disciple Valentine Olho, ma¬ 
thematician to thoelectoral prince Palatine; a particular 
account and analysis of which work may be seen in tho 
Historical Introduction to my Logarithms. 

After the death of Copernicus, Rheticus returned to 
Wittemberg, viz, in 1541 or 1542, and was again admit¬ 
ted to his office of professor of mathematics. • Tfie same 
year, by the recommendation of Melancthon, he went to 
Norimberg, where be. found certain manuscripts of Werner 
and Regiomontanus. He afterwards taught mathematics 
at Leipsic. From Saxony he departed a second time, for 
what reason is not known, and went to Poland ; and from 
thence to Cossovia in Hungary, where he died December 
the 4th, 1576, at nearly 63 years of age. 

His Narratio dc Libris Uevolutionum Copcrnici, was 
first published at Gedunum in 4to, 1540; und afterwards 
added to the editions of Copernicus's work. He also 
' composed and published Ephemerides, according to tho 
doctrine of Copernicus, till the year 1551. 

Rheticus also projected other works, of various kinds, 
astronomical, astrological, geographical, chemical, &c, ancl 
partly executed them, though they were never published, 
which arc more particularly mentioned in his litter to 
Peter Ramus in the year 1568, which Adrian Romanus 
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inserted in the preface to the first part of his Idea of Ma¬ 
thematics. 

RHOMB-Solid, consists of two equal and right cones 
joined together at their bases. 

RHOMBOID. or Riiomboidfs, in Geometry, a qua¬ 
drilateral figure, whose opposite sides and angles are equal; 
but which is neither equilateral nor equiangular. 

RHOMBUS, is an oblique equilateral parallelogram; 
or a quadrilateral figure, whose sides are equal and paral¬ 
lel, but the four angles not all equal, two of the opposite 
ones being obtuse, and the other tv\o opposite ones acute. 
The two diagonals of a rhombus intersect at right angles. 
As to the area of the rhombus or rhomboides, it is found, 
like that of all other parallelograms, by multiplying the 
length or base by the perpendicular breadth. 

UuoMBUs-So/id. bee Rhomb -Solid. 

RHUMB, or Rumb, in Navigation, a vertical circle 
of any given place; or the intersection of a part of such 
a circle with the horizon. Rhumbs therefore coincide 
with the points of the horizon. And hence mariners dis¬ 
tinguish the rhumbs by the same names as the points and 
winds. But we may observe, that the rhumbs are deno¬ 
minated fr 6 m the points of the compass in a different 
manner from the winds: thus, at sea, the north-east 
wind is that which blows from the north-east point of the 
horizon towards the ship in which wc are; but we arc 
said to sail upon the north-east rhumb, when wc go to¬ 
wards the north-east.—They usually reckon 32 rhumbs, 
which are represented by the 32 lines in the rose or card 
of the compass. 

Aubin defines a rhumb to be a line on the terrestrial 
globe, or sca-cqmpass, or sea-chart, representing one of 
the 32 winds which serve to conduct a vessel. So that 
the rhumb a vessel pursues is conceived as its route, or 
course. 


vessel always makes the same angle with the meridian ef 
the place where it is each moment, or in each point of its 
coutm* which the wind mak« s.— Now a wind, for example, 
that is north-east, and which consequently makes an angle 
of 45 degrees with the meridian, is equally north-east 
wherever it blows, and makes the same an^lc of 4 5 degrees 
with all the meridians it meets. And thcrcbqe a vessel, 
driven by the same wind, always makes tin- sane- angle 
with all the* meridians it meets with on the surlace of the 
earth. If the vessel sail north or south, it desci ibes the 
great circle of a nu-iidian. If it runs c ast or wist, it cuts 
all the meridians at right angles, and describe* either the 
circle of the equator, or else a circle parallel to it. But 
if the vessel sails between the two, it does not then describe 
a circle; since a circle, drawn obliquely to a meridian, 
would cut all the meridians at unequal angles, which the 
vessel cannot do. It describes therefore a particular curve, 
the essential property of which is, that it cuts all the me¬ 
ridians in the same angle, and it is called the Loxodromy, 
or Loxodromic Curve, or Rhumb-line. 

This curve, on the globe, is a kind of spiral, tending 
continually nearer and nearer to the pole, and making an 
infinite number of circumvolutions about it, without ever 
arriving exactly at it. But the spiral rhumbs on the globe 
become proportional spirals in the stereographic projection 
on the plane of the equator. The length of u part of this 
rhuml-line, or spiral, then, is the distance run by the 
ship while she keeps in the same course. But as such a 
spiral line would prove very perplexing in the calculation, 
it was necessary to have the ship's way in a right line; 
which right line however must have the essential proper¬ 
ties of the curve, viz, to cut all the meridians at right 
angles. The method of effecting which, sec under the 
article Chart. 

The arc of the rhumb-line is not the shortest distance 


, Rhumbs arc divided and subdivided like points of the between any two places through which it passes ; for the 

compass. Thus, the whole rhumb answers to the cardinal shortest distance, on the surface of the globe, is an arc of 

point. The half rhumb to a collateral point, or makes the great circle passing through those places; so that it 

an angle of 45 degrees with the former. And the quarter would be a shorter course to sail on the arc of this great 

rhumb makes an angle of 22° 30' with it. Also the half- circle : but the ship cannot be kept in a great circle, be- 
quarter rhumb makes an angle of 11 ° 15 # with the same. cause the angle it makes with the meridians is continually 
For a table of the rhumbs, or points, and their dis- varying, more or less. 

Cances from the meridian, see Wind. Let f be the pole, rw the equator, 

Rhumb-Link, Loxodromia , in Navigation, is aline a bcdf.p a spiral rhumb, divided into 
prolonged from any point of the compass in ft nautical an indefinite number of equal parts 
chart, except the four cardinal points : or it is the line at the points b, c, d, &c ; through 
which a ship, keeping in the same collateral point, or which arc drawn the meridians, P9, 
rhumb, describes throughout its whole course; being de- pt, pv, &c, and the parallels fd, kc, 
rived from a Portuguese word. ld, &c, also draw the parallel an. 

The chief property of the rhumb-line, or loxodromia, Then, as a ship sails ulong the rhumb- 
and that from which some authors define it, is, that it line towards the pole, or in the dircc- 
cuts all the meridians in the same angle. This angle is tion abcd &c, from a to e, the dig- 
called the Angle of the Rhumb, or the Loxodromic angle, tance sailed ae is made up of all the 
And the angle which the rhumb-line makes with any pa- small equal parts of the rhumb ab 

rallcl to the equator, is called the Complement of the bc + cd -f de; and 

Rhumb. the suin of all the small differences of latitude af ■+- do 

An idea of the origin and properties of the rhumb-line, -t- ch di make up the whole difference of latitude am 
the great foundation of navigation, may be conceived or en J and the sum of all the small parallels fb + cc -+• 
thus: A vessel beginning its course,the wind by which it hd ie is wlmt i 9 called the depariure in plane sailing 5 
is driven makes a certain angle with the meridian of the and me is the meridional distance, or distance between 

place; and as wc shall suppose that the vessel runs cx- the first and last meridians, measured on the last parallel; 

actly in the direction of the wind, it makes the same angle also rw is the difference of longitude, measured on the 
with the meridian which the wind makes. Supposing equator. So that these last three are all different, viz, the 
then the wind to continue the same, as each point or departure, the meridional distance, and the difference of 
instant of the progress may be esteemed the beginning, (he longitude. 
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If the ship sail towards the equator, from e to a; the 
departure, difference of latitude, and d life re nee of longi¬ 
tude, will he all three the same as before; but the meri¬ 
dional distance will then be an, instead of me; the one 
of winch an being greater than the departure fb -+• oc 
-+■ ii d il, and the other me less than the same; and 
indeed that departure is nearly a mean proportional be¬ 
tween the two meridional distances me, an. Other pro¬ 
perties are as below. 

1. All the small elementary triangles arf, bco, cdii, 
&c, are mutually similar and equal in all their parts. 
For al! the angles at a, b, c\ i>, tS:c are equal, being the 
angles which the rhumb makes with the meridians, or the 
angles of the course; also all the* angles F, o, ii, i, arc 
equal, being right angles; therefore the third angles are 
equal, and the triangles all similar. Also the bypothenuses 
An, DC, CD, \c, are all equal by the hypothesis; and con¬ 
sequently the triangles arc both similar and equal. 

2. As radius : distance run al 

: : sine of course Z. a : departure fb gc &c, 

: : cosin. of course z. a : dif. of lat. am. 

I'or in any one a nr of the equal elementary triangles, 
which may be considered as small right-angled plane tri¬ 
angles, ii is, as rad. or sin. z. f* : sin. course a : : ab : fb 
; : (by composition) the sum of all the distances au -f 
bc -+• cd &c : the sum of all the departures FD c;c 
iid &c. 

And, in like manner, as radius : cos. course a : : ab : 
af : : ab nc &c : af bc; &c. 

Hence, of these four things, the course, the difference 
of latitude, the departure, ami the distance run, having 
any two given, the other two are found by the proportions 
above in this article. 

By means of the departure, the length of the rhumb, 
or distance run, may be connected with the longitude and 
latitude, by the following two theorems. 

3. As radius : half the sum of the cosines of both the 
latitudes, of a and e : : dif. of long, uw : departure. 

Because ns : fb ; : radius : sine of pa or cos. ha, 
and v\v : ie : : radius : sine of peoi cos. ew, 

4-. As radius : cos. middle latitude : ; dif. of longitude : 
departure.— For the cosiife of middle latitude is nearly 
equal to half the sum of the cosines of the two extreme 
latitudes. 

RICCI (Miciiael-Angelo), a learned Italian divine, 
born at Rome in l6ij). He was well skilled in the pure 
mathematical sciences ; and he wafcreated a cardinal in 
16*81 ; but did not long enjoy that dignity, as he died in 
16*83, at 64 years of age. He published at Rome, in 4to, 
ExcrcitatioGeomelrica, a small tract, which was reprinted 
at London, and annexed to N. Mercator’s Logarilhmo- 
. tcchuia ; having been thought fit to bc so reprinted, partly 
by reason of its scarceness, but chiefly on account of the 
excellency of the argument, which is, dc muximis et mi¬ 
nimis, or the doctrine of limits; where the author shows 
a deep judgment in exhibiting the means of reducing that 
lately discovered doctrine to pure geometry. In this tract 
is demonstrated the doctrine of Caravagio clc applicationi- 
bus, who affirms, that he who is ignorant of it may mispend 
his time about equations, in searching for that which 
cannot bc found. He delivers also a method of drawing 
tangents to all the conic sections, and to several other 
curv.*s. 

RICCIOLI (Jo a NNEs-B aptist a*), a learned Italian 
astronomer, philosopher, and mathematician, was born in 


I5£8, at Ferrara, a city in Italy, in the dominions of the 
Pope. At 16 yeais ot age he was admitted into the so- 
ciecy of the Jesuits. He was endowed with uncommon 
talents, which lie cultivated with extraordinary applica¬ 
tion; so.that the progress ke made ill every branch of 
literature and science was surprising. . He was first ap¬ 
pointed to teach rhetoric, poetry, philosophy, and scho¬ 
lastic divinity, in the Jesuits' colleges at Parma and Bo¬ 
logna ; yet he applied himself in the mean time to making 
observations in geography, chronology, and astronomy. 
This was bis natural bent, and at length he obtained leave 
from.bis superiors to quit all other employment, that he 
might devote himself entirely to those sciences. 

He projected u large work, to be divided into three 
parts, and to contain as it were a complete system of phi¬ 
losophical, mathematical, and astronomical knowledge. 
The first of these parts, which regards astronomy, was 
published at Bologna in 1651, 2 veils- folio, with this 
title, J. B. lliccioli Almugcstuin Novum, Astronomiam 
vetcrein novamqiic complectens, obscrvationibus ulioruin 
et propriis, novisque theorematibus, problematibus, ac 
tabulis promotion. lliccioli imitated Ptolemy in this 
work, by collecting and digesting into proper order, with 
observations, every thing ancient and modern, which re¬ 
lated to bis subject; so that Gusscndus very justly called 
bis work, * 4 Proniptuurium el tbesaurum ingentem Astro¬ 
nomic." - *, 

In the first volume of this work, he treats of the sphere 
of the world, of the sun mid moon, with their eclipses; 
of the fixed stars, of the planets, of the comets and new 
stars, of the several mundane systems, and six sections of 
general problems serving to astronomy, &c.—In the se¬ 
cond volume, he treats of trigonometry, or the doctrine of 
plane and sphcricul triangles ; proposes to give a treatise 
of astronomical instruments, and the optical part of ustrt>- 
nomy (which part was never published); it also treats of 
geography, hydrography, with an epitome of chronology. 
—The third, comprehends observations of the sun, moon, 
eclipses, fixed stars and planets, with precepts and tables 
of the primary and secondary motions, and other astro¬ 
nomical tables. Uiccioli printed also, two other works, 
in folio, at Bologna, viz, 

2. Astronomiu Reformata, 1665 : tl^ design of which 
was, that of considering the various hypotheses of several 
astronomers, and the difficulty thence arising of conclu¬ 
ding any thing certain, by comparing together all the best 
observations, and examining what inmost certain in them, 
thence to reform the principles of astronomy. 

3. Chronologia Reformata, l66<). 

Riccioli'died in 167L at 73 years of age. 

RICOCHET Firing , in the Military Art, is a method 

of firing with small charges, from pieces of ordnance 
elevated at small angles, ns from 3 to 6 degrees. The 
\yord signifies duck-and-drake, or rebounding, because 
the ball or shot, thus discharged, goes bounding and roll¬ 
ing along, killing or destroying every thing in its way, like 
the bounding of a flat stone ulong the surfaco of water 
when thrown almost horizontally. 

IUDEAU, in Fortification, a small elevation of earth, 
extending itself lengthways on a plain ; serving to cover a 
camp, or give an advantage to n post. 

Rideau is sometimes also used for a trench, the earth 
of which is thrown up on its side, to serve as a parapet for 
covering the men. . r ? 

RIFLE Guns, in the Military Art, arc those whose 
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barrels, instead of being straight on the inside, are formed 
with spiral channels, making each about a turn and a half 
in the length of the barrel. These carry their balls farther 
and with more certainty than the common pieces. Tor 
the nature and qualities of them, see Robins’s Tracts, 
vol. 1, pa.32S &c. 

RIG EL, in Astronomy. See Regel. 

RIGHT, in Geometry, something that lies evenly or 
equally, without inclining or bending one way or another. 
Thus, a right-line is that whose parts all tend the same 
way. In this sense, right means the same as straight, as 
opposed to curved or crooked. 

Right- Angle, is that which one line makes with another 
upon which it stands, so as to incline neither to one side 
nor the other. And in this sense the word light stands 
opposed to oblique. 

RiGiiT-an^/cJ, is said of a figure when its sides arc at 
right angles or perpendicular to each other.—'This some¬ 
times holds in all the angles of the figure, as in squares and 
rectangles ; sometimes only in part, as in right-angled 
triangles. 

Rig ur-angled Triangle in Numbers. It was a favourite 
speculation with the ancient geometers, to express nume¬ 
rically, or in integer numbers, the sides of a right-angled 
triangle. The rules which they used for that purpose, are 
equally simple and ingenious. In symbols they arc briefly 
expressed thus ; viz, if n denote any odd number, above 1, 
then 


»r — l 


and 


n 7 4 - 1 


or 


according to Pythagoras, n y and ^ # # 

according to Plato, 2n, and n f — l,and ri 1 1 , 

will represent the three sides-of a right-angled triangle, 
the last term being the hypothcnusc. In the second of 
these forms, which is only the double of the former, » may 
he any number, above 1 , either odd or even ; in the for¬ 
mer n must be an odd number, to give integral results. 
In any case, the results are rational at least; and the pro¬ 
position is manifest, viz, that the sum of the squares of the 
first two terms, is cquul to the square of the third.* 

But a more general form of the same property is exhi¬ 
bited in the following terms, 2mn, m 2 — n f , and ttfi ■+■ n f , 
where m and n may be any two numbers taken at plea¬ 
sure, so as that m he greater than n. And by taking any 
particular numbers lor m and ;i, an endless series of right- 
angled triangles, in rational, or even in whole numbers, 
will be the result. 

Victa employed another form of the like properties, in 
his curious work, Canon Mnthcmaticus, 6cu ad Triangu¬ 
la, in which the three sides arc either of the three follow- 
ins forms: 

W — _ 1 _ wh J m 7 4- 1 [ 

* R - i n > | 


o 
inn 


Jm' 4- T Jm' 4- 1 


/It n 


71 


’pn* - 1 


7/« 


m — 1 


71. 


m 


m T 4- 1 


m 


n ; where the 3d or last term, in each of the three 

sets, denotes the hypothenusc of a triangle, and the two 
leading terms, the base and perpendicular, as it is evident 
th.it, in them nil, the square of the 3d term is equal to the 
sum of the squares of the 1st and 2d. And by these forms, 
Victa computed the sides of 4300 right-angled triangles, 
in rational numbers, and arranged them in tables. See 
an account of them in the introduction to tuy Mathema¬ 
tical Tubles, pa. 5 and 0 ; or in my Tracts, vol. 1, pa. 285. 

If in the second set, (2 n, n* — 1, n* -t- 1 }, above men¬ 
tioned, we express frncliomvise the second term divided by 


the aforesaid frac- 
in the 


m 


the first, thus, —--—, and expound the value of n suc¬ 
cessively by the numbers 2, 3, 4, 5, &c, we shall obtain 
a series of fractions, of which the numerators and denomi¬ 
nators will be the two less sides of a series of right-angled 
triangles, in whole numbers. 

Or, if for n we substitute 2 m 1 

w* — 1 . -t- '2m 

tion-becomes - = m -- 

~n '2 m +1 

form of a mixt number, in which the value of tn may be 
any number whatever, the denominator 2m -t- 1 denoting 
the least side, the numerator 2m * 4 - 2m the other side, 
and the same increased by l, viz, 2m x 4 - 2m 4- 1 the hy¬ 
pothcnusc. So, if 7/i be expounded successively by the 
numbers 1, 2, 3, 4, Se c, the series of fractions will be 
V* V 4 > V* &c, the denominators being the least sides, 
the numerators the greater, and these increased by 1 , the 
hypothenuses, of the series of triangles. Or if we employ 

the form m h ---. the same numbers 1,2, 3, Sec, will 


•2 m -r- l 
the mixed numbers 


give the mixed numbers 1 -J-, 2\, 
which the law of continuation 


3J,4£. 5< 


^rji &c, in 
is manifest ; the denomi¬ 
nator of each being the least side, the integer multiplied 
by the denominator and the numerator added is the 


greater side, and 1 more is the hypothcnusc. 

Again, if instead of n, in the first fraction 
substituted 2 m -h 2, that fraction then becomes 


*r — i 


n 


be 


•Im + fim 4- 3 


4 m 


m 


Then, taking for m suc- 

4/n 4-4 4m 4- 4 ° 

cessively the numbers 1, 2, 3, 4, &c, this other series of 
mixed numbers results, viz, Ifc, 2|J, 3' r £, 4J-g, 5f 
Sec, expressing another series of the triangles, in the same 
way as the former one.—And in like manner for any other 
series. 

Right Cone, Cylinder , Prism , or Pyramid , one whose 
axis is at right-angles to the base. 

Rigii T-iined Angle , one formed by right lines. 

Right Sine, one that stands at right-angled to the dia¬ 
meter; as opposed to versed sine. 

Rig iit Sphere, is that where the equator cuts the horizon 
at right-angles; or that which has the poles in the horizon, 
and the equinoctial in the zenith. Such is the position of 
the sphere with regard to those who live at the equator, or 
under the equinoctial. The consequences of which are; 
that they have no latitude, nor elevation of the pole ; they 
see both poles of the world, and all the stars rise, culmi¬ 
nate and set; also the sun always rises and descends at 
right-angles, and make their days and nights equal. In a 
right sphere, the horizon is a meridian ; and if the sphere 
be supposed to revolve, all the meridians successively be¬ 
come horizons, one after another. 

Right Ascatsion y Descension y Parallax y Sec. Sec the 
respective urticles. 

Right Circle, in the Stereogrnphic Projection of the 
Sphere, is a circle at right-angles to the piano of projec¬ 
tion, or that which is projected into aright line. 

Right Sailing y is that in which a voyage is performed 
on some one of the four cardinal points, cast, west, north, 
or south.—If the ship sail on a meridian, that is, north or 
south, she docs not alter her longitude, hut only changes 
the latitude, and that just us much as the number of de¬ 
grees she has run.—But if she sail on the equator, directly 
east or west, she varies not her latitude, but only changes 
the longitude, and that just as much as the number ofde- 
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greos she has run.—And if she sail directly east or west 
upon any parallel, she again does not change her latitude, 
but only the longitude; yet not the same ns the number 
of dogn es of a great circle she has sailed, ns on the equa¬ 
tor, bui iimrc, according as the parallel is remoter from 
the equinoctial towards the pole. For the less any paral¬ 
lel is, the greater is the difference of longitude answering 
to the distance run. 

RIGIDiTY, a brittle hardness; or that kind of hard¬ 
ness which is supposed to arise from the mutual indenta¬ 
tion ol the component particles within one another. Rigi¬ 
dity is opposed to ductility, malleability, &c. 

RING, in Geometry, is a figure returning into itself, 
the axis being bent round into a circular form.—This is 
either plane or solid. In the former case, it is the space 
or figure contained between the circumferences of two con¬ 
centric circles. In the latter, or solid ring, it resembles 
a cylinder, or other prism, bent round into a circular 
lorin. And, in cither of them, the transverse section, per¬ 
pendicular to the axis, is the same quantity ; in the plane 
ring, it is the same line, or difference of the two radii; in 
the solid ring, it is the same plane figure. 

For the measures of the surface and solidity of rings, 
multiply the axis by the transverse section perpendicular 
to it. See my Mensuration, pa. 110 and 194, edit. 4. 

Ring, in Astronomy and Navigation,an instrument used 
for taking the sun’s altitude &c. It is usually of brass, 
about f) inches diameter, suspended by a little swivel, at 
the distance of 45° from the point of which is a perfora¬ 
tion, which is the centre of a quadrant of f)0° divided in 
the inner concave surface. 

To use it, let it be held up by the swivel, and turned 
round to the sun, till his rays, falling through the hole, 
make a spot among the degrees, which marks the altitude 
required. This instrument is preferred to the astrolabe, 
because the divisions arc here larger than on that instru¬ 
ment. 

Ring, of Saturn, is a thin, broad, opaque circular 
arch, encompassing the body of that planet, like the 
wooden horieon of an artificial globe, without touching it, 
and appearing double, when seen through a good telescope. 

This ring was first discovered by Huygens, who, after 
frequent observation of the planet, perceived two lucid 


points, like ansre or handles, arising out from the body in a 
right line. Hence, as in subsequent observations he al¬ 
ways found the same appearance, he concluded that Sa¬ 
turn was encompassed with a permanent ring ; and ac¬ 
cordingly produced his New System of Saturn, in 1659. 
It was however, Galileo who first discovered that the figure 
of Saturn was not round. 

Huygens estimates the space between the globe of Sa¬ 
turn and the ring as equal to the breadth of the ring, or 
rather more, being about 22000 miles broad ; and the 
greatest diameter of the ring, in proportion to that of the 
globe, as 9 to 4. But Mr. Pound, by an excellent micro¬ 
meter applied to the Huygenian glass of 123 feet, deter¬ 
mined this proportion, more exactly, to be as 7 to 3. 

Observations havc^lso determined, that the plane of the 
ring is inclined to the plane of the ecliptic in an angle of 
30 degrees ; that the ring probably turns, in the direction 
of its plane, round its axis, because when it is almost edge¬ 
wise to us, it appears rather thicker on one side of the 
planet than on the other; and the thickest edge lias been 
seen on different sides at different times : the sun shines 
almost 15 of our years together on one side of Saturn’s 
ring without setting, and as long on the other in its turn 5 
so that the ring is visible to the inhabitants of that planet 
for almost 15 of our years, and as long invisible, by turns, 
if its axis has no inclination to its ring; but if the axis 
of the planet be inclined to the ring, ex. gr. about 30 de¬ 
grees, the ring will appear and disappear once every natu¬ 
ral day to all the inhabitants within SO degrees of the 
equator, on both sides, frequently eclipsing the sun in a 
Saturnian day. Moreover, if Saturn’s a:us be so inclined 
to his ring, it is perpendicular to his orbit; by which the 
inconvenience oY different seasons to that planet is avoided. 

This ring, seen from Saturn, appears like a large lumi¬ 
nous arch in the heavens, as if it did not belong to the 
planet. 

When we sec the ring most open, its shadow upon the 
planet is broadest; and from that time the shadow grows 
narrower, as the ring appears to do to us; until, by Sa¬ 
turn's annual motion, the sun conirs to the plane of the 
ring, or even with its edge ; which, being then directed to¬ 
wards us, becomes invisible, on account of its thinness. 



The phenomena of Saturn’s ring arc illustrated by a 
view of this figure. Lets be the sun, abcdefgii Sa¬ 
turn’s orbit, and iklmno the earth's orbit. Both Saturn 
and the earth move according to the order of the letters ; 
and when Saturn is at a, his ring is turned edgewise to the 
sun s, and he is then seen from the earth as if he had lost 
his ring, let the earth be in any part of its orbit whatever, 
except between N and o ; for while it describes that space, 
Saturn is apparently so near the sun as to be hid in his 
beams. As Saturn goes from a to c, his ring appears more 
and more open to the earth ; at c the ring appears most 
open ; but seems to bccovpe more and more narrower as 
Saturn goes from c to e; and when arrived at this point 
the ring is again turned edgewiso both to the sun and 


earth ; and as neither of its sides is illuminated, it is invi¬ 
sible to us, because its edge is too thin to be perceptible ; 
and Saturn appears again as if he had lost his ring. But 
as he goes from e to g, his ring opens more and more to 
our view on the under side; and seems just as bpen at o 
as it was at c, and may be seen in the night-time from the 
earth in any part of its orbit, except about M, when the 
sun hides theplauet from our view. 

As Saturn goes from o to a, his ring turns more and 
more edgewise to us, and therefore, it seems to be nar¬ 
rower; till at a it quite disappears os before. Hence, 
while Saturn goes from a to x, the sun shines \>n the up¬ 
per side of hi* ring, and the underside is dark; and while 
be goes from z to a, the son shines on the under side of his 


R I N 


[ 3*9 ] 

ring, and the upper side is dark. The ring disappears 
twice in every annual revolution of Saturn, viz, when he 
is in the J % yth degree of Pisces and of Virgo, and when 
Saturn is in the middle between these points, or in the l.Qth 
degree cither of Gemini or of Sagittarius, his ring ap¬ 
pears most open to us; and then its longest diameter is to 
its shortest, as 9 to 4. Fergusons Astr. sect. 204. 

I here are various hypotheses concerning this ring. 
Kepler, in his l.pitom. Astron. Copern., and after him Dr. 

Halley, in his Lnquiry into the Causes of the Variation of 
the Needle, Phil. '1 rans. No. 195, supposes our earth may 
be composed of several crusts or shells, one within ano- 
ther, and concentric to each other. If this be the case, it 
is possible the ring of Saturn may be the fragment or re¬ 
maining ruin ol his formerly exterior shell, the rest of 
which is broken or fallen down upon the body of the 
planet. And some have supposed that the ring may be a 
congeries or series of moons revolving about the planet. 

Liter observations have thrown much more light on this 
curious phenomenon, especially respecting its dimensions, 
and rotation, and division into two or more parts. La- 
lande and Laplace say, that Cassini saw the breadth of the 
ring divided into two separate parts that are equal, or 
nearly so. Mr. Short assured M. Ltlande, that he had 
seen many divisions on the ring, with his 1*2 feet telescope. 

And Mr. Hadley, with an excellent 5{ feet reflector, saw 
the ring divided into two parts. Several excellent theories 
have been given in the French Memoirs, particularly by 
Laplace, contending lor the division of the ring into many 
parts. Hut finally, the observations of Dr. llerschel, in 
several volumes of the Philos. Trans., seem to confirm the 
division into two concentric parts only. The dimensions 
of these two rings, and the space between them, he states 
in the following proportions to each other. 

V I • 4* a A 
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smaller rin" 

o 

- 146345 miles. 

of ditto 

-- 184393 

larger ring 

- 190248 

of ditto 

- 204883 

inner ring 

- • 20000 

outer ring 

7200 

vacant space 

r 2839 


Ring revolves in its own plane, in 10 k 32 ' 15 ''* 4 . 

So that the outside diameter of the larger ring is almost 26 
timo* the diameter of the earth. 

Dr. Hcrschcl adds, “ Some theories and observa¬ 
tions, of otht'r persons, lead us to consider the question, 
whether the construction of this ring is of a nuture so as 
permanently to remain in its present state ? or whether it 
be liable to continual and frequent changes, in such a 
manner as in the course of not many years, to be seen sub¬ 
divided into narrow slips, and then again as united into 
one or two circular planes only. Now, without entering 
into a discussion, the mind seems to revolt, even at first 
sight, against an idea of the chaotic state in which so 
large a mass as the ring of Saturn must needs be, if phe¬ 
nomena like these can bo admitted. Nor ought we to in¬ 
dulge a suspicion of this being a reality, unless repeated 
and well-confirmed observations had proved, beyond a 
doubt, that this ring was actually in so fluctuating a con¬ 
dition." But from his own observations he concludes, 
“ It docs not appear to me, that there is a sufficient gound 
for admitting the ring of Saturn to be of a very change¬ 
able nature; and I guess that its phenomena will hereafter 
be so fully explained, as to reconcile all observations. In 
the mean-while, we must withhold a final judgment of its 
Voi.. II. 


construction, till we can have more obsrirations. l;s di¬ 
vision however into two\try unequal parts, can admit of 
no doubt. - ' See Philos. Trans, vol. SO, pa. 4, 481 &c, and 
the vol. for 1792, pa. I Cvc, also I list, de J’Acad. des 
Scienc. de Paris, 17S7, pa. 24 9 A:c. 

Rings of Colours, in Optics, a phenomenon first ob¬ 
served in thin plates of various substances, by Bovle, and 
Hooke, but afterwards- nu.rc fully explained "by Newton. 

Mr. Boyle having exhibited a variety of colours in co¬ 
lourless liquors, by shaking them till they rose in bub¬ 
bles, us well as in bubbles of soap and water, and also in 
turpentine, procured glass blown so thin as to exhibit 
similar colours; ami he observes, that a feather ot a proper 
shape and size, and also a black ribband, held at a proper 
distance between his eye and the sun, showed a variety of 
little rainbows, as he calls them, with very vivid colours. 
Boyle’s Works by Shaw, vol. 2. pa. 70. Dr. Hooke, about 
nine years after the publication of Mr. Boyle's Treatise on 
Colours, exhibited the coloured bubbles of soap and water, 
and observed, that though at first it appeared white and 
clear, yet as the film ot water became thinner, there ap¬ 
peared upon it all the colours ol the rainbow. He also 
described the beautiful colours that are seen in thin plates 
of Muscovy glass ; which appeared, through the micro¬ 
scope, to be ranged in rings surrounding the white specks 
or Haws in them, and with the same order of colours us 
those ol the rainbow, and which were often repeated ten 
times. He also took two thin pieces of glass, ground 
plane and polished, ami putting them one upon another, 
pressed them till there began to appear a rid coloured 
spot in the middle; and pressing them closer, he observed 
several rings of colours encompassing the first place, till, 
at last, all the colours disappeared out of the middle of 
the circles, and the central spot appeared white. The 
first colour that appeared was red, then yellow, then green, 
then blue, then purple ; then again red, yellow, green, 
blue, and purple; and again in the same order; so that 
he sometimes counted nine or ten of these circles, the red 
immediately next to the purple; and the last colour that 
appeared before the while was blue; so that it began with 
red, and ended with purple. These rings, he says, would 
change their places, by changing the position of the eye, 
so that, the glasses remaining the same, that part which 
was red in one position of the eye, was blue in a second, 
green in the third, &c. Birch’s Hist, of the Royal So¬ 
ciety, vol. 3, pa. 54. 

Newton, having demonstrated that every different colour 
consists of rays which have a different and specific degree 
of rcfrangibility, and that natural bodies appear of this or 
that colour, according to their disposition to reflect this 
or that species of rays (see Colour), pursued the hint 
suggested by the experiments of Dr. Hooke, already re¬ 
cited, and casually noticed by himself, with regard to thin 
transparent substances. On coinpressing two prisms hard 
together, in order to make their sides touch one another, 
he observed, that in the place of contact they were per¬ 
fectly transparent, which appeared like a dark spot, and 
when it was looked through, it seemed like a hole in that 
air, which was formed into a thin plnie, by being im¬ 
pressed between the glasses. When this plate of air, by 
turning the prisms about their common uxis, became so 
little inclined to the incident rays, that some of them be¬ 
gan to be transmitted, there arose in it many slender arcs 
of colours, which increased, as the motion of the prisms 
was continued, and bended more ond more about th* 
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transparent spot, till they were complete*! into circles, or 
rings, surrounding it; and afterwards they became con¬ 
tinually more and more contracted. 

By another experiment, with two object-glasses, he was 
enubh'd to observe distinctly the order and quality of the 
colours from the central spot, to a very considerable dis¬ 
tance. Next to the pellucid central spot, made by the 
contact of the glasses, succeeded blue, white, yellow, and 
red. The next circuit immediately surrounding these, 
consisted of violet, blue, green, yellow, and red. The 
third circle of colours was purple, blue, gTecn, yellow, 
and red. The fourth circle consisted of green and red. 
All the succeeding colours became more and more imper¬ 
fect, till, after tbiee or four revolutions, they ended in 
perfect whiteness. 

When these rings were examined in a darkened room, 
by the coloured light of a prism cast on a sheet of white 
paper, they became more distinct, and visible to a far 
greater number than in the open air. He sometimes saw 
more than twenty of them, whereas in the open air he 
could not discern above eight or nine. 

From other curious observations on these rings, made 
by different kinds of light thrown upon them, he inferred, 
that the thicknesses of the air between the glasses, where 
the rings are successively made, by the limits of the seven 
colours, red, orange, yellow, green, blue, indigo, and violet, 
in order, are one to another as the cube roots of the squares 
of the eight lengths of a chord, which sound the notes in 
an octave, sol, la, fa, sol, la, mi, fa, sol; that is, as the 
cube roots of the squares of the numbers 1, |, -J, f > 

*• These rings appeared of that prismatic colour, with 
which they were illuminated, and by projecting the pris¬ 
matic colours immediately upon the glasses, he found 
that the light, which fell on the dark spaces between the 
coloured rings, was transmitted through the glasses with¬ 
out any change of colour. Prom this circumstance lie 
thought that the origin of these rings is manifest; because 
the air between the glasses is disposed according to its 
various thickness, in some places to reflect, and in others 
to transmit the light of any particular colour, and in the 
same place to reflect that of one colour, where it trans¬ 
mits that of another. 

In examining the phenomena of colours made by a 
denser medium surrounded by a rarer, such as those 
which appear in plates of Muscovy glass, bubbles of soap 
and water, &c, the colours were found to be much more 
vivid than the others, which were made with a rarer me¬ 
dium surrounded by a denser. 

From the preceding phenomena it is an obvious deduc¬ 
tion, that the transparent parts of bodies, according to 


speculum, concave on one side, and convex on the other, 
and quicksilvered over on the convex side, the rays go 
through the plate and return before they are alternately 
reflected and transmitted. Newton’s Optics, pa. l69« &c. 
or Newtoni Opera, Horsley’s edit, vol 4, pa. 121, &c. 

p. 184, &c. . , . 

The abbe Mazeas, in his experiments on the rings of 
colours thdt appear in thin plates, has discovered several 
important circumstances attending them, which were over¬ 
looked by the sagacious Newton, and which tend to inva¬ 
lidate his theory for explaining them. In rubbing the 
flat side of an object-glass against another piece of flat and 
smooth glass, he found that they adhered very firmly to¬ 
gether after this friction, and that the same colours were 
exhibited between these plane glasses, which Newton had 
observed between the convex object-glass of a telescope, 
and another that was plane ; and that the colours were in 
proportion to their adhesion. When the surfaces of pieces 
of glass, that arc transparent and well polished, are equally 
pressed, a resistance will be perceived ; and wherever this 
is felt, two or three very fine curve lines will be discovered, 
some of a pale red, and others of a faint green. If the 
friction be continued, the red and green lines increase in 
number at the place of contact; the colours being some¬ 
times mixed without any order, and sometimes disposed 
in a regular manner; in which case the coloured lines are 
generally concentric circles, or ovals, more or less elon¬ 
gated, as the surfaces arc more or less united. 

When the colours are formed, the glasses adhere with 
considerable force ; but if the glasses be separated sud¬ 
denly, the colours will appear immediately upon their 
being put together, without the least friction. Beginning 
with the slightest touch, and increasing the pressure by 
insensible degrees, there first appears an oval plate of a 
faint red, and in the centre of it a spot of light green, 
which enlarges by the pressure, and becomes a green oval, 
with a red spot in the centre; and this enlarging in its 
turn, discovers a green spot in its centre. Thus the red 
and green succeed one another in turns, assuming different 
shades, and having other colours mixed with them. The 
greatest difference between these colours exhibited between 
plane surfaces, and those by curve ones, is, that, in the 
former, pressure alone will not produce them, except in 

the case above-mentioned. * 

In rubbing together two prisms, with very small re¬ 
fracting angles, which were joined so as to form a pnrul- 
lclopipcd, the colours appeared with a surprizing lustre at 
the places of contact, and differently coloured ovals ap¬ 
peared. In the centre there was a black spot, bordered 

by a deep purple; next to this appeared violet, blue, 
J 1 i .• * i _..«l n rtTupn. nncl Faint 


lion, that the transparent parts oi Domes, accorumg uy » . ~ and r a ; nt 

their several scries, reflect rays of one colour and transmit orange, red tinged with purple, li D ht gr , 

those of another ; on the same account that thin plates, purple* 
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or bubbles, reflect or transmit those rays; and this New¬ 
ton supposed to be the reason of all their colours. Hence 
also he has inferred, that the size of those component 
parts of natural bodies that affect the light, may be con¬ 
jectured by their colours. SccColow r, and Reflection. 

Newton, pursuing his discoveries concerning the colours 
of thin substances, found that the same were also pro¬ 
duced by plates of a considerable thickness, divisible into 
lesser thicknesses. The rings formed in both cases have 
the same origin, with this difference, that those of the thin 
plates are made by the alternate reflections and transmis¬ 
sions of the rays at the second surface of the plale, after 
one passage through it; but that, in the case of a glass 


The otherTings appeared to the naked eye to consist of 
nothing but faint reds and green?. When these c ° lo V"’ d 
glasses were suspended over the flame of a candle, the 
colours disappeared suddenly, though they still adhered ; 
but being suffered to cool, the colours returned to their 
former places, in the same order as before. At first the 
abbe Maaeas had no doubt but that these colours were 
owing to a thin plnte of air between the glasses, t ° wh ‘™ 
Newton has ascribed them ; but the remarkable difference 
in the circumstances attending those produced yj 
plates and those produced by the object-glasses °^£ wt jj* 
convinced him that the air was not the cause of this ap¬ 
pearance, The colours of the flat plates vauished at the 


R I V 


R I S 


C 


approach of flame, but those of the object-glasses did not, 
Kor was this difference owing to the plane glasses being 
less compressed than the convex ones; lor though the 
former were compressed ever so much by a pair of for¬ 
ceps, it did not in the least hinder the cflect of the flame. 
He then put both the plane glasses and the convex ones 
into the receiver oi an air-pump, suspending the former 
by a thread, and keeping the latter compressed by two 
string*; but he observed no change in the colours of 
either of them, in the most perfect vacuum that he could 
make. Suspecting still that the air adhered to the sur¬ 
face of the glasses, so as not to be separated from them 
by the force of the pump, he had recourse to other ex¬ 
periments, which rendered it still more improbable that 
the air should be the cause of these colours. Having 
laid the coloured plates, alter warming them gradually, 
on burning coals; and thus, when they were nearly red, 
rubbing them together, he observed the same coloured 
circles and ovals as before. When he ceased to press 
upon them, the colours seemed to vanish ; but they re¬ 
turned, as he renewed the friction. In order to deter¬ 
mine whether the colours wore owing to the thickness of 
some matter interposed between the glasses, he rubbed 
them together with suet and other soft substances be¬ 
tween them ; yet his endeavour to produce the colours 
had no cflccl. However by continuing the friction with 
some degree of violence, he observed, that a candle ap¬ 
peared through them encompassed with two or three con¬ 
centric greens, and with a lively red inclining to yellow, 
and a gteen like that ol an emerald, and at length the 
'Vr®* turned colours ol blue, yellow, and violet, 
i lie abbe was thus confirmed in his opinion that there 
must be some error in Newtons hypothesis, by consider¬ 
ing that, according to his measures, the colours of the 
plates varied with the difference of a millionth part of an 
inch; whereas he was satisfied that there must have been 
much greater differences in the distance between his 
glasses, when the colours remained unchanged. From 
other experiments he concluded, that the plate of water 
introduced between the glasses was not the cause of their 
colours, as Newton apprehended ; and that the coloured 
rings could not be owing to the compression of the glasses. 
Alter all, he adds, that the theory of light, thus reflected 
Irom thin plates, is too delicate a subject to be completely 
ascertained by a small number of observations. Berlin 
Mem. for 1752, or Mcmoires Prcscntes, vol.2, pa. 28 — 43 . 
M du Tour repeated the experiments of the abbe Mazeas, 
and added some observations of his own. See Mem. Pres. 
vol.4, pa. 288. 

Musschenbroeck is also of opinion, that the colours of 
thin plates do not depend upon the air; but as to the 
cause of them, he acknowledges that he could not satisfy 
himself about it. Introd. ad Phil. Nat vol. 2, pa. 738. 
Sec on this subject Priestley's Hist, of Light, & C ; per. 6, 
sect. 5, pa. 498, &c. v 

For an account of the rings of coloure produced by 
electrical explosions, see Colours of Natural Bodies 
Circular Spots , and Fairy Circles . 9 

RISING, in Astronomy, the appearence of the sun, or 
a star, or other luminary, above the horizon, which be¬ 
fore was hid beneath it. By reason of the refraction of 
the atmosphere, the heavenly bodies always appear to rise 
before their time ; that is, they are seen above the hori¬ 
zon, while they arc really below it, by about 33' of a 
degree. 


331 ] 

There are three poetical kinds of rising of the stars. See 
Acronical, Cosmicai, and Heliacal. 

Ill I I LN HOUSE (Dr. David), President of the Ame¬ 
rica n Philosophical Society, died July 10 , 1790, in the 
6+th year of his age. He was a native of Pennsylvania ; 
and, in the early part of life, mixed the pursuits of science 
with the active employments of farming and watch-mak- 
ing. In I76'9, he was invited by the American Philoso¬ 
phical Society, in association with other gentlemen, for 
making astronomical observations, particularly of the 
transit of Venus, that year; when he greatly distinguish¬ 
ed himself by the accuracy of his observations and cal¬ 
culations. He afterwards constructed an observatory, 
which he superintended in person, and which became the 
source of many important discoveries, us well as greatly 
tended to the general diffusion of science in the western 
world. During the American war he was an active as- 
serter of the cause of independence. After the conclu¬ 
sion of the peace, he successively tilled the offices of trea¬ 
surer of the stale of Pennsylvania, and director of the na¬ 
tional mint. He succeeded the illustrious Franklin in the 
office of President of the Philosophical Society; a situa¬ 
tion which the bent of his mind, and the course of his 
studies, had rendered him eminently adequate to fill. To¬ 
wards the close of his life he had retired from active oc¬ 
cupations. He was the author of several excellent papers, 
chiefly on astronomical subjects, inserted in the Transac¬ 
tions ot the American Philosophical Society. 

RIVER, in Geography, a stream or current of fresh 
water, flowing in a bed or channel, from a source or 
spring, into the sea.—When the stream is not large enough 
to bear boats, or small loadeii vessels, it is properly called 
by the diminutive. Rivulet or Brook ; but when it is con¬ 
siderable enough to carry larger vessels, it is called by 
the general name River.—Rivulets have their rise some¬ 
times from great rains, or great quantities of thawed 
snow, especially in mountainous places ; but they more 
usually arise from springs.—Rivers themselves all arise 
either from the confluence of several rivulets, or from 
lakes. 

River, in Physics, denotes a stream of water running 
by its own gravity, from the more elevated parts of the 
earth, towards the lower parts, in a natural bed or chan¬ 
nel open above.—When the channel is artificial, or cut by 
art, it is called a canal; of which there are two kinds, 
viz, that whose channel is every where open, without 
sluices, called an artificial river, and that whose water is 
kept up and let off by means of sluices, which is properly 
a canal. 

Modern philosophers endeavour to reduce the motion 
and flux of rivers to precise laws; and with this view they 
have applied geometry and mechanics to this subject; so 
that the doctrine of rivers is become a part of the new 
philosophy. The authors who have most distinguished 
themselves in this branch, are the Italians, the French, 
and the Dutch, but especially the first, and among them 
more particularly Gulielraini, and Ximenes. 

Rivers, says Gulieimini, usually have their sources in 
mountains or elevated grounds ; in the descent from which 
it is, that they mostly acquire the velocity, or accelera¬ 
tion, which maintains their future current. In propor¬ 
tion as they advance farther, this velocity diminishes, on 
account of the continual friction of the water against the 
bottom and sides of the channel ; as also from the various 
obstacles they meet with in their progress, and from their 
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arriving at length in plains where the descent is less. Thus 
the Reno, a river in Italy, which he says gave occasion, 
in some measure, to his speculations,-is found to have 
near its mouth a declivity of scarce 52 seconds, being 
only 1 foot in 1000. 

When the acquired velocity is quite spent, by means of 
the many obstacles that the water meets with, so that the 
current becomes horizontal, there will then remain no¬ 
thing to propagate the motion, and continue the stream, 
but the depth, or the perpendicular pressure of the water, 
which is always proportional to the depth. And, hap¬ 
pily for us, this resource increases, as the occasion for 
it increases; for in proportion as the water loses of the 
velocity acquired by the descent, it rises and increases in 
its depth.— It appears from the laws of motion pertaining 
to bodies moving on inclined planes, that when water 
flows freely upon an inclined bed, it acquires a velocity, 
which is always as the square root of the quantity of 
descent of the bed. But in an horizontal bed, opened by 
sluices or otherwise, at one or both ends, the water flows 
out by its gravity alone. 

The upper parts of the water of a river, ami those at 
a distance from the hanks, may continue to flow, from 
the simple cause or principle of declivity, how small 
soever it be; for not being detained by any obstacle, the 
minutest difference of level will have its effect; but the 
lower parts, which roll along the bottom, will scarcely be 
sensible of so small a declivity; and will only have what 
motion they receive from the pressure of the superincum¬ 
bent waters.—The greatest velocity of a river is about the 
middle of its depth and breadth, or that point which is 
the farthest possible from the surface of the* water, and 
from the bottom and sides of the bed or channel. Where¬ 
as, on the contrary, the least velocity of the water is at 
the bottom and sides of the bed, because there the resist¬ 
ance arising from friction is the greatest, which is com¬ 
municated to the other parts of the section of the river 
inversely as the distances from the bottom and sides.— 
To find whether the water of a river, almost horizontal, 
flows by means of the velocity acquired in its descent, or 
by the pressure of its depth ; set up an obstacle perpen¬ 
dicular to it ; then if the water rise and swell immediately 
against the obstacle, it runs by virtue of its fall; but if 
it first stop a little while, in virtue of its pressure.' 

Rivers, according to this author, almost always make 
their own beds. If the bottom have originally been a 
large declivity, the water, hence falling with a great force, 
will have swept away the most elevated parts of the soil, 
and carrying them lower down, will gradually render the 
bottom more nearly horizontal.—The water having made 
its bed horizontal, becomes so itself, and consequently 
rakes with the less force against the. bottom, till at length 
that force becomes only equal to the resistance of the bot¬ 
tom, which is now arrived at a state of permanency, at 
least for a considerable time; and the longer according to 
the quality of the soil, clay and chalk resisting longer 
than sand or mud. 

On the other hand, the water is continually wearing 
away the brims of its channel, and this with the more 
force, as, by the direction of its stream, it impinges more 
directly against them. By this means it has a continual 
tendency to render them parallel to its own course. At 
the same time that it has thus rectified its edges, it has 
widened its own bed, and thence becoming less deep, it 
loses part of its force and pressure: this it continues tp 


do till there is an equilibrium between the force of the 
water aud the resistance of its banks, and then they will 
remain without farther change. And it appears by ex¬ 
perience that these equilibriums arc all real, as we find 
that rivers only deepen and widen to a certain pitch. 

The very reverse of all these things does also on some 
occasions happen. Rivers, whose waters arc thick and 
muddy, raise their bed, by depositing part of the hetero¬ 
geneous matters contained in them : they also contract 
their banks, by a continual opposition of the same mat¬ 
ter, in brushing over them. This matter, being thrown 
aside far from the stream of water, might even serve, by 
reason of the dullness of the motion, to form new banks. 

If these various causes of resistance to the motion of 
flowing waters did not exist, viz, the attraction and con¬ 
tinual friction of the bottom and sides, the inequalities in 
both, the windings and angles that occur in their course, 
ami the diminution of their declivity the farther they re¬ 
cede from their springs, the velocity of their currents 
would be accelerated to 10, 15, or even 20 times more 
than it is at present in the sumc rivers, by which they 
would become absolutely unnavigable. 

The union of two rivers into one, makes the whole 
flow the swifter, because, instead of the friction of four 
shores, they have only two to overcome, and one bottom 
instead of two ; also the stream, being farther distant from 
the banks, goes on with the less interruption, besides, that 
a greater quantity of water, moving with a greater velo¬ 
city, digs deeper in the bed, and of course retrenches its 
former width. Hence also it is, that rivers, by being 
united, take up less space on the surface of the earth, 
and are more advantageous to low grounds, which drain 
their superfluous moisture into them, and have also less 
occasion for dykes to prevent their overflowing. 

A very good and simple method of measuring the ve* 
locity of the current of a river, or canal, is the following. 
Take a cylindrical piece of dry, light wood, and of iv 
length something less than the depth of the water in the 
river ; about one end of it let there be suspended, as 
many small weights, as may keep the cylinder in a ver¬ 
tical or upright position, with its head just above water. 
To the centre of this end fix a small straight rod, pre¬ 
cisely in the direction of the cylinder's axis ; in order 
that, when the instrument is suspended in the water, the 
deviations of the rod from a perpendicularity to the sur¬ 
face of it, may indicate which end of the cylinder goes 
foremost, and by which may be discovered the different 
velocities of the water at different depths; for when the 
rod inclines forward, according to the direction of the 
current, it is a proof that the surface of the water has. 
the greatest velocity; but when it reclines backward, it 
shows that the swiftest current is at the bottom; and when 
it remains perpendicular, it is a sign that the velocities at 
the top and bottom are equal. 

This instrument, being placed in the currcut of a river 
or canal, receives all the percussions of the water through¬ 
out the whQlc depth, and will have an equal velocity with 
that of the whole current from the surface to the bottom 
at the place where it is put in, and by that means im>y 
be found, both with exactness and ease, the mean ve¬ 
locity of ihat«part of the river for uny determinate djs* 
tancc and time. 

put to obtain the mean velocity of the whole section of 
the river, thejnstrument must be put successively both 
in the middle and towards the sides, because the velocities. 
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at those places are often very different from each other. 
Having by this means found the several velocities, from 
the spaces run over in certain times, the arithmetical 
mean proportional of all these trials, which is found by 
dividing the common sum of them all by the number of 
the trials, will be the mean velocity of the river or canal. 
And if this medium velocity be multiplied by the area 
of the transverse section of the waters at any place, the 
product will be the quantity running through that place 
in a second of time. 

If it be required to find the velocity of the current only 
at the surface, or at the middle, or sit the bottom, a,spherc 
of wood loaded, or a common bottle corked with a little 
water in it, of such a weight as will remain suspended in 
equilibrium with the water at the surface or depth which 
we want to measure, will be better for the purpose than 
the cylinder, because it is only affected by the water of 
that sole part of- the current where it remains sus¬ 
pended. 

It follows from what has been said in the former part 
of this article, that the deeper the waters arc in their bed 
in proportion to its breadth, the more their motion is ac¬ 
celerated ; so that their velocity increases in the inverse 
ratio of the breadth of the bed, and also of the magnitude 
of the section; whence, in order to augment the velocity 
of water in a river or canal, without increasing the de¬ 
clivity of the bed, we must increase the depth of the 
charinel, and diminish its breadth. And these principles 
are agreeable to observation ; as it is well known, that the 
velocity of flowing waters depends much more on the 
quantity and depth of the water, and on the compression 
of the upper parts on the lower, than on the declivity of 
the bed ; and therefore the declivity of a river must be 
made much greater in the beginning Than toward the end 
of its course; where it should be almost insensible. If 
the depth or volume of water in a river or canal be con¬ 
siderable, it will suffice, in the part next the mouth, to 
allow one foot of declivity through 6*000, or 3000, or 
even (according to Dechalcs, De Fontibus et Fluviis, 
prop. -19) 10,000 feet in horizontal extent; at most it 
need not be above 1 in 6 or 7 thousand. From hence the 
quantity of declivity in equal spaces must slowly and 
gradually increase a9 far as the current is to be made fix 
for navigation ; but in such a manner, that at this upper 
end there may not be above one foot of perpendicular de¬ 
clivity in 4000 feet of horizontal extent. 

To conclude this article, M. de Buffon observes, that 
people accustomed to rivers can easily foretell when there 
is going to be a sudden increase of water in the bed from 
floods, produced by sudden falls of rain in the higher 
countries through which the rivers puss. This they per¬ 
ceive by a particular motion in the water, which they 
express by saying, that the river's bottom moves, that is, 
the water at the bottom of the channel runs off faster than 
usual; and this increase of motion at the bottom of a 
river always announces a sudden increase of water coming 
down the stream. Nor, says he, is their opinion ill 
grounded ; -because the motion and weight of the waters 
coming down, though not yet arrived, must act upon the 
waters in the lower parts of the river, and communicate 
by impulsion part of their motion to them, within a cer¬ 
tain distance. 

On the subject of this article, see an elaborate treatise 
on rivers and canals, in the Philos. Trans, vol. 69, pa. 
555 Acc, by Mr. Mann, who has availed himself of the 
observations of Gulielmini, and most other writers. 


ROBERTSON (Jons), f. r. s. was born in the year 
1712; and though he was at first placed out in a trade, 
yet he must soon have quitted it, as in the title of his first 
book, a Complete Treatise on Mensuration, in 1739* 
is styled Teacher of the mathematics. In this line, as a 
private teacher, he continued several years, till in 1734 
he was appointed Master of the Royal Mathematical 
School in Christ’s Hospital; in which year also he pub¬ 
lished the first edition of his Elements of Navigation. 
The year following, however, he left Christ’s Hospital, 
in consequence of an Admiralty appointment to be first 
master of the Royal Naval Academy at Portsmouth; soon 
after which he published his Treatise on Mathematical 
Instruments. In 176*6*, through the petty cabals of the se¬ 
cond master, they were both dismissed from that service by 
the first lord of the Admiralty ; on which Mr. R. returned 
to London, where he was soon appointed clerk and libra¬ 
rian to the Roy al Society ; an office which he respectably 
held to the time of his death, in December 1776, at 64 
years of age. 

Besides the three works above-mentioned, which were 
all excellent of their kind, particularly the Navigation, 
he had many ingenious papers inserted in the Philos. 
Trans, from the 40th to the 6*0th volume. Mr. R. was a 
person of very honourable character and conduct, being 
greatly respected by the more learned and best characters 
among the members of the Royal Society ; on most occa¬ 
sions his advice in the council was much regarded ; and 
lie had the honour to be one of the committee chosen to 
inspect and report on the government's powder-magazine 
at Purfleet, concerning its damage and security from light¬ 
ning. In his mode of teaching, and arranging the matter 
in his publications, Mr. R. was remarkably neat and me¬ 
thodical ; a habit which he probably in Some measure ac¬ 
quired in imitation of his good friend and master, William 
Jones, esq. many of whose papers, on his decease, came 
into the possession of Mr. R. which were sold by auction, 
alon" with the valuable library of the latter, after his 
death, on which occasion many of them were purchased 
by myself. ; * k 

ROBERVAL (Giles-Pehsonn e), an eminent French 
mathematician, was born in 1602, at ltoberval, a parish 
in the diocese of Beauvais. lie was first professor of ma¬ 
thematics at the College of Maitre-Gervais, and afterwards 
at the College-royal. A similarity of taste connected him 
with Gassendi and Morin ; the latter of whom he suo 
cccded in the mathematical chair at the Royal College, 
without quitting however that of Ramus. 

ltoberval made experiments on the Torricellian vacuum : 
he invented two new kinds of1>alancc, 011c of which was 
proper for weighing air; and made many other curious 
experiments, lie was one of the first members of the 
ancient Academy of Sciences of 1666 ; but died in 1675, 
at 73 years of age. His principal works arc, 

I. A Treatise on Mechanics. 

II. A work entitled Aristarchus Samos. 

He had several memoirs inserted in the volumes of the 
Academy of Sciences of 1666, viz, 1. Experiments con¬ 
cerning the Pressure of the Air. 2. Observations on the 
Composition of Motion, and on the Tangents of Curve 
Lines. 3. The Recognition of Equations. 4. The Geo¬ 
metrical Resolution of Plane and Cubic Equations. 5. 
Treatise on Indivisibles. 6. On the Trochoid, or Cycloid. 
7. A Letter to Father Merscnne. 8. Two Letters from. 
Torricelli. 9. A new kind of Balance. 
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ROBERVALLI.AN Lines, a name given to certain 
lines, u*e<J for the transformation of figures: thus called 
from their inventor Roberval. These lines bound spaces 
that arc infinitely extended in length, which are never¬ 
theless equal to other spaces that arc terminated on all 
sides. 

The abbot Gallois, in the Memoirs of the Koyal Aca¬ 
demy, anno 109*, observes, that the method of trans¬ 
forming figures, explained at the latter end of Roberval's 
treatise ol Indivisibles, was the same with that afterwards 
published by James Gregory, in his Gcoinctria Univer¬ 
salis, and also by Barrow in bis Lcctiones Geometries?; 
and that, by a letter of Torricelli, it appears, that llo- 
bcrval was the inventor of this method of transforming 
figuies, by means of certain lines, which Torricelli there¬ 
fore called Robervallian Lines. He adds, that it is highly 
probable, that J. Gregory first learned the method in the 
journey he made to Padua in 166*8, the method itself 
having been known in Italy from the year 1646, though 
the book was not published till the year l6<)2. 

This account David Gregory has endeavoured to refute, 
in vindication of his uncle James. His answer is inserted 
in the Philos. 'Frans, of 16^4, and the abbot rejoined in 
the French Memoirs of the Academy of 1703. 

ROBINS (Benjamin), an English mathematician 
and philosopher of great genius and eminence, was born 
At Bath in Somersetshire, 1707. His parents were Qua¬ 
kers of low condition ; and consequently neither able from 
their circumstances, nor willing from their religious pro¬ 
fession, to have him much instructed in that kind of learn¬ 
ing which they are taught to despise as human. Never¬ 
theless, he made an early and surprising progress in va¬ 
rious branches of science and literature, particularly in 
the mathematics; and his friends being desirous that he 
might continue his pursuits, and that his merit might not 
be buried in obscurity, wished that he could be properly 
recommended to teach that science in London. Accord- 
ingly, a specimen of his abilities in this way was sent up 
thither, and shown to Dr. Pemberton, the author of the 
“ View of Sir Isaac Newton's Philosophy;” who, thence 
conceiving a good opinion of the writer, for a farther trial 
of his skill sent him some problems, which Robins resolved 
tcry much to bis satisfaction. He then came to London, 
where he confirmed the opinion which had been precon¬ 
ceived of his abilities and knowledge. 

But though Robins was possessed of much more skill 
than is usually required in a common teacher; yet being 
very young, it was thought proper that he should employ/ 
some time in perusing the best writers upon the sublimer 
parts of the mathematics, before he should publicly un¬ 
dertake the instruction of others. In this interval, besides 
improving himself in the modern languages, he had op¬ 
portunities of reading in particular the works of Archi¬ 
medes, Apollonius, Fermat, Huygens, De Witt, Slusius, 
Gregory, Barrow, Newton, Taylor, and Cotes. These 
authors he readily understood without any assistance, of 
which he gave frequent proofs to his friends: one was, a 
demonstration of the last proposition of Newton's treatise 
on Quadratures, which was thought not undeserving a 
place in the Philosophical Transactions for 1727. 

Not long after, an opportunity occurred of exhibiting 
to the public a specimen also of his knowledge in Natural 
Philosophy. The Royal Academy of Sciences at Paris 
had proposed, among their prize questions in 1724 and 
1726/ to demonstrate the laws of motion in bodies ira- 


pinging on one another. John Bernoulli here conde¬ 
scended to be a candidate; and as bis dissertation lost the 
reward, he appealed to the learned world by printing it 
in 1727. In this piece he endeavoured to establish Leib¬ 
nitz's opinion of the force of bodies in motion from the ef¬ 
fects of their striking against springy materials; as Poleni 
had before attempted to evince the same thing front expe¬ 
riments of bodies falling on soft and yielding substances. 
But as the insufficiency of Poleni's arguments had been 
demonstrated in the Philosophical Transactions, for 1722; 
so Robins published in the Present State of the Republic 
of Letters, for May 1728, a Confutation of Bernoulli's 
performance, which was allowed to be unanswerable. 

Robins now'began to take scholars; and about this 
time he quitted the garb and profession of a Quaker; for, 
having neither enthusiasm nor superstition in his nature, 
as became a mathematician, he soon shook off the preju¬ 
dices of such early habits. But though he professed to 
teach the mathematics only, he would frequently assist 
particular friends in other matters; for he was a man of 
universal knowledge: and the confinement of this way of 
life not suiting his disposition, which was active, he gra¬ 
dually declined it, and went into other courses, that re¬ 
quired more exercise. Hence he tried many laborious 
experiments in gunnery ; believing that the resistance of 
the air had a much greater effect on swift projectiles, than 
was generally supposed. And hence he was led to con¬ 
sider those mechanic arts that depend upon mathematical 
principles, in which he might employ his invention: as, 
the constructing of mills, the building of bridges, draining 
of fens, rendering of rivers navigable, and making of har¬ 
bours. Among other arts of this kind, fortification very 
much engaged his attention; in which he met with op¬ 
portunities of perfecting himself, by a view of the principal 
strong places of Flanders, in some journeys he made abroad 
with persons of distinction. 

On his return home from one of these excursions, he 
found the learned here amused with Dr. Berkeley's trea¬ 
tise,-printed in 1734, entitled, 11 The Analyst;” in which 
an examination was made into the grounds of the doctrine 
of Fluxions, and occasion thcncc taken to explode that 
method. Robins was therefore advised to clear up this 
affair, by giving a full and distinct account of Newton's 
doctrines, in such u manner, as to obviate all the objec¬ 
tions, without naming them, which had been advanced by 
Berkeley; and accordingly be published, in 1735, A Dis¬ 
course concerning the Nature and Certainty of Sir Isaac 
Newton's Method of Fluxions, and of Prime and'Ultimatc 
Ratios.- This is a very clear, neat, and elegant perform¬ 
ance: and yet some persons, even among those who had 
written against The Analyst, taking exception at Robins's 
manner of defending Newton’s doctrine, he afterwards 
wrote two or three additional discourses. 

In 1738, be defended Newton against an objection, 
contained in a note at the end of a Latin piece, called 
u Matho, sivc Cosmothcoria puerilis,” written by Baxter, 
author of the 4< Inquiry into the Nuture of the Human 
Souland the year after he printed Remarks on Euler's 
Treatise of Motion, on Smith's System of Optics, and on 
Jurin’s Discourse of Distinct and Indistinct Vision, an¬ 
nexed to Dr. Smith's work. 

In the mean time Robins’s performances Avere not con¬ 
fined to mathematical subjects: for, in 1739* he published 
three pamphlets on political affairs, which did him great 
honour. The first was entitled. Observations on the pro- 
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sent Convention with Spain : the second, A Narrative of 
what passed in the Common Hall of the Citizens of Lon¬ 
don, assembled for the Election of a Lord Mayor: the 
third. An Address to the Electors and other free Subjects 
of Great Britain, occasioned by the late Succession ; in 
which is contained a Particular Account of all our Ncgo- 
ciations with Spain, and their Treatment of us for above 
ten years past. These were all published without our au¬ 
thor'* name; and the first and last were so universally 
esteemed, that they were generally reputed to have been 
the production of the great man himself, who was at the 
head of the opposition to Sir Robert Walpole. They 
proved of such consequence to Mr. Robins, as to occasion 
his being employed in a very honourable post; tor, the 
patriots at length gaining ground against Sir Robert, and 
a committee of the (louse of, Commons being appointed 
• to examine into his past conduct, Robins was chosen their 
secretary. But after the committee had presented two 
reports of their proceedings, a sudden stop was put to 
their farther progress, by a compromise between the con¬ 
tending parties. 

In 1742, being again at leisure, he published a small 
treatise, entitled, New Principles of Gunnery; containing 
the result of many experiments that he had made, by 
which arc discovered the force of gunpowder, and the dif¬ 
ference in the resisting power of the air to swift and slow 
- motions. To this treatise was prefixed a full and learned 
account of the progress which modern fortification had 
made from its first rise; as also of the invention of sun- 
powder, and of what had already been performed in the 
theory of gunnery. It seems that the occasion of this 
publication, was the disappointment of a situation at the 
Royal Military Academy at Woolwich. On the new mo¬ 
delling and establishing of that Academy, in 1741, our 
author and the late Mr. Muller were competitors for the 
place of professor of fortification and gunnery. Mr. 
Muller held then some post in the lower of London, 
under the Board of Ordnance, so that, notwithstanding 
the great knowledge and abilities of our author, the interest 
which Mr. Muller had with the Board of Ordnance car¬ 
ried the election in his favour. On this disappointment 
Mr. Robins, indignant at the affront, determined to show 
them, and the world, by his military publications, what 
sort of a man he was that they had rejected. 

On a discourse containing certain experiments being 
published in the Philosophical-Transactions, with a view 
to invalidate some of Robins's opinions, he thought pro¬ 
per, in an account he gave of his book in the same Trans¬ 
actions, to take notice of those experiments: and in con¬ 
sequence of this, several dissertations of his on the resist¬ 
ance of the air wcr$ read, and the experiments exhibited 
before the Royal Society, in 1746 and 1747; for which 
he was presented with the annual gold medal by that 
Society- 

In 1748 came out Anson's Voyage round the World; 
which, though it bears Walter’s name in the title-page, 
was in reality written by Robins. Of this voyage the 
public had for some time been in expectation of seeing 
an account, composed under that commander's own in¬ 
spection : for which purpose the reverend Richard Wal¬ 
ter was employed, as having been chaplain on board the 
Cenluriou the greatest part of the expedition. Walter 
bad accordingly almost finished bis task, having brought 
it down to his own departure from Macao for England ; 
when be proposed to print his work by subscription^ It 


was thought proper that an able judge should first review 
and correct it, and Rubins was appointed ; when, on ex¬ 
amination, it was resolved, that the w hole should be writ¬ 
ten entirely by Robins, and that what Walter had done, 
being mostly taken verbatim from the journals, should 
serve as materials only. Hence it was that the w hole of 
the introduction, and many dissertations in the body of 
the work, were composed by Robins, without receiving 
the least hint from Walter’s manuscript; and what lie had 
transcribed from it regarded chiefly the wind and wea¬ 
ther, the currents, courses, bearings, distances, offings, 
soundings, moorings, the qualities of the ground they an- 
choied on, and such particulars as usually fill up a sea¬ 
man’s account. No production of this kind ever met with 
a more favourable reception, four large impressions hav¬ 
ing been solJ off within a year: it was also translated into 
most of the European languages; and it still supports its 
reputation, having been repeatedly reprinted in various 
sizes. The fifth edition at London in 1749 was revised 
and corrected by Robins himself; and the yth edition was 
printed therein 176l- 

Thus becoming famous for his elegant talents in writing, 
he was requested to compose an apology for the unfor¬ 
tunate aftuir at Prestonpans in Scotland. This was add¬ 
ed as a preface to the Report of the Proceedings and 
Opinion of the Board of General Officers on their Exami¬ 
nation into the Conduct of Lieutenant-General Sir John 
Cope,&c, printed at London in 1749; which preface was 
esteemed a master-piece of its kind. 

Robins had afterwards, by the favour of lord Anson, 
opportunities of making farther experiments in Gunnery ; 
which have been published since Ins death, in the edition 
of his works by bis friend Dr. Wilson. He also not a 
little contributed to the improvements made in the Royal 
Observatory at Greenwich, by procuring for it, through 
the interest of the same noble person, a second mural 
quadrant, and other instruments ; by which it became 
perhaps the most complete of any observatory in the 
world. 

His reputation being now arrived at its meridian, he 
was offered the choice of two very considerable employ¬ 
ments. The first was to go to Paris, as one of the com¬ 
missaries for adjusting the limits in Acadia ; the other, to 
be engineer general to the East India Company, whose 
forts, being in a most ruinous condition, wanted an able 
person to put them into a proper state of defence. He 
accepted the latter, as it was suitable to his genius, and as 
the Company's terms were both advantageous and honour¬ 
able. He designed, if he had remained in England, to 
have written a second part of the Voyage round the 
World; as appears by a letter from lord Anson to him, 
dated Bath, Oct. 22, 1749, as follows. 1 

“ Dear sir —When I last saw you in town, I forgot to 
ask you, whether you intended to publish the second vo¬ 
lume of my Voyage before you leave us ; which I con¬ 
fess I am very sorry for. If you should have laid aside 
all thoughts of favouring the world with more of your 
works, it will be much disappointed, and no one in it 
more than your very obliged humble servant, 

“ Anson ” 

Robins said, a little before his death, that the only 
thing he hnd to regret during his life, was writing lord 
Anson's voyage. Hence it has been supposed the 'expec¬ 
tation induced him to heighten the narrative ; but it seems 
that his principal reward consisted in promises. 
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Robins was also preparing an enlarged edition of his 
New Principles of Gunnery : but, having provided him¬ 
self with a complete set of astronomical and other instru¬ 
ments, lor making observations and experiments in the 
Indies, he departed hence alChristmas in 1749; and alter 
a voyage, in which the ship was near being cast away, he 
arrived there in July following. He immediately set 
about his proper business with the greatest diligence, and 
formed complete plans for Fort St. David and Madras: 
but he did not live to put them into execution. For the 
great <1 iVrencc of the climate from that of Ftigland being 
beyond Ins constitution to support, he was attacked by a 
fever in September the same year; and though he recover¬ 
ed out of this, yet about eight months after he fell into a 
languishing condition, in which he continued till his 
death, which happened the 29th of July 1751, at only 44 
years of age. 

By his last will, Mr. Robins left the publishing of his 
Mathematical Works to his honoured and intimate friend 
Martin Folkcs, esq. president of the Royal Society, and 
to Dr. James Wilson ; but the former ol these gentlemen 
being incapacitated by a paralytic disorder, for some time 
before his death, they were afterwards published by the 
latter, in 2 volumes 8vo, 1761. To this collection,which 
contains his mathematical and philosophical pieces only. 
Dr. Wilson has prefixed an account of Mr. Robins, from 
which this memoir is chiefly extracted. He added also a 
large appendix at the end of the second volume, contain¬ 
ing a great many curious and critical matters in various 
interesting parts of the mathematics. As to Mr. Robins’s 
own papers in these two volumes, they are as follow: viz, 
in vol. I, 

1. New Principles of Gunnery. First printed in 1742. 

2. An account of that book. Read before the Royal 
Society, April the 14th and 21st, 1743. 

3. Of the Resistance of the Air. Read the 12th of 
June, 1746. 

4. Of the Resistance of the Air; together with the Me¬ 
thod of computing the Motions of Bodies projected in 
that Medium. Read June 19, 1746. 

5. Account of Experiments relating to the Resistance 
of the Air. Read the 4th of June, 1747. 

6. Of the Force of Gunpowder, with the Computation 
of the Velocities thereby communicated to military Pro¬ 
jectiles. Read the 25th of June, 1747. 

7. A Comparison of the Experimental Ranges of Can¬ 
non and Mortars, with the Theory contained in- the pre¬ 
ceding papers. Read the 27th of June, 1751. 

8. Practical Maxims relating to the Effects and Ma¬ 
nagement of Artillery, and the Flight of Shells and 
Shot. 

9. A Proposal for increasing the Strength of the British 
Navy. Read the 2d of April, 1747. 

10. A Letter to Martin Folkcs, esq. President of the 
Royal Society. Read the 7lh of January, 1748. 

11. A Letter to Lord Anson. Read the 26th of Octo¬ 
ber, 1749. 

12. On Pointing, or Directing of Cannon to strike dis¬ 
tant Objects. 

13. Observations on the Height to which Rockets 
ascend. Read the 4th of May 1749. 

14. An Account of some Experiments on Rockets, by 
Mr. Ellicott. 

15. Of the Nature and Advantage of Rifled Barrel 
Pieces, by Mr, Robins. Read the 2d of July, 1747. 


In volume II arc, 1 , 

16. A Discourse concerning the Nature and Certainly 
of Sir Isaac Newton’s Methods of Fluxions, and of Prime 
and Ultimate Ratios. 

17. An Account of the preceding Discourse. 

JS. A Review of some of the principal Objections that 
have been made to the Doctrine ol Fluxions and Ultimate 
Proportions, with some Remarks on the different Methods 
that have been taken to obviate them. 

19. A Dissertation, showing that the Account of the 
Doctrines of Fluxions and of Prime and Ultimate Ratios, 
delivered in Mr. Robins's Discourse, is agreeable to the 
real Meaning of their great Inventor. 

20. A Demonstration of the Eleventh Proposition of 
Sir Isaac Newton’s Treatise of Quadratures. 

21. Remarks on Bernoulli’s Discourse upon the Law? 
of the Communication of Motion. 

22. An Examination of a Note concerning the Sun's 
Parallax, published at the end of Baxter’s Matho. 

23. Remarks on Euler’s Treatise of Motion ; Dr. 
Smith’s System of Optics ; and Dr. Jurill’s Essay on Dis¬ 
tinct and Indistinct Vision. 

24. Appendix by the Publisher. • 

It i» but justice to say, that Mr. Robins was one of the 
most accurate and elegant mathematical writers that our 
lunguage cun boast of; and that lie made more real im¬ 
provements in Artillery, the flight and the resistance of 
projectiles, than all the preceding writers on that subject. 
His New Principles of Gunnery were translated into se¬ 
veral other languages, and commented on by several emi¬ 
nent writers. The celebrated Euler translated the work 
into the German, accompanied with a large and critical 
commentary; and this work of Euler’s was again trans¬ 
lated into English in 1774, by Mr. Hugh Brown, with 
Notes, in one volume 4to. 

ROBINS, or Robyns (John), an English mathema¬ 
tician, was born in Staffordshire about the close of the 
15th century, ns he was entered a student at Oxford in 
1516, where he was educated for the church. But the 
bent of his genius lay to the sciences, and he soon made 
such a progress, says Wood, ill “ the pleasant studies of 
mathematics and astrology, that he became the ablest per¬ 
son in his time for those studies, his friend Record not 
excepted, whose learning was of a nature more general. 
At length, taking the degree of bachelor of divinity in 
1531, he was the year following made by King Henry the 
8th (to whom he was chnplain), one of the canons of his 
college in Oxon, and in December 154S canon of Wind¬ 
sor, and finally chaplain to Queen Mary, who held him 
in great veneration for his learning. Anjong several things 
that he wrote rcluting to astrology (or astronomy) 1 find 
these following: 

“ Do Culniinatione Fixarum Stcllarum, &c. 

Dc Ortu &c Occnsu Stellarurti Fixarum, &c. 
Annolationcs Astrologicoe, &c. lib. 3. 

Annotationcs Edwnrdo VI. 

Tructatus dc Prognosticatione per Eclipsin. 

“ All which books, that arc in MS, were some time id 
the choice library of Mr. Thomas Allen, of Glocester 
Hall. After his death, coming into the hands of Sir Kc- 
nelii) Digby, they were by him given to the JBodlcian li¬ 
brary, where they yet remain, it is also said, that he, the 
said Robyns, hath written a book intitlcd, Do Portcntosis 
Cometis, but such a thing I have not yet seen, nor do I 
know any thing else of ine author, only that, paying his 
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last debt to nature the 25th of August 1558, he was 
buried in the chappcl of St. George at Windsore.” 

ROBISON (John), l l.d. an eminent philosopher, 
was born in Scotland, about 1733. After receiving a 
liberal education in his native country,he went to Russia, 
on the appointment of director of the marine cadet acade¬ 
my, at Cronstadt, a situation which he held for several 
years. On his return to Scotland he was appointed pro¬ 
fessor of chemistry in the university of Glasgow ; and 
shortly afterwards he was invited to fill the chair of na¬ 
tural philosophy professor at Edinburgh ; an office which 
he held with much honour to himself, and benefit to the 
students of that university, till his death, which happened 
early in the year 1805. 

Though Dr. Robison laboured under a most painful 
and distressing complaint during the last IS years of his 
life, still his mind was always active, and generally di¬ 
rected to the most useful purposes. He was well known 
as the author of most of the mathematical and philoso¬ 
phical articles in the third edition of the Encyclopedia 
Britaunica, and the Supplement to that valuable work. 
Those articles are of established character; and, though 
several of them are written in a very desultory manner, 
yet they arc rich in important remarks and useful informa¬ 
tion. They appear to have been the substance of his lec¬ 
tures delivered in the college; and some of them were 
afterwards thrown into an improved form, and published 
under the title of Elements of Mechanical Philosophy, of 
which it seems only one large 8vo volume has been pub¬ 
lished. In 1797 Dr. R. astonished the world by a publi¬ 
cation w hich he called, Proofs of a Conspiracy against all 
Religions and Governments of Europe, carried on in the 
Secret Meetings of Frec-Masons, Illuminati, and Reading- 
Societies; and in 1803 he published a valuable edition 
of Dr. Black's Lectures on the Elements of Chemistry, 
accompanied with much interesting disquisition and his¬ 
tory, by the editor. 

Altogether, Dr. R. may justly be considered as one of 
the most eminent philosophers ever produced in Scot¬ 
land ; though perhaps inferior to Gregory and Maclau- 
xin. He certainly possessed a very extensive acquaint¬ 
ance with chemistry, as well as with both pure and mixed 
mathematics; and lie doubtless enjoyed a most happy 
talent at converting and applying the knowledge he pos¬ 
sessed to important practical purposes. 

ROCKET, in Pyrotechny, an artificial firework, usually 
consisting of a cylindrical case of paper filled w ith a com¬ 
position of certain combustible ingredients; which being 
lied to a rod, mounts into the air to a considerable height, 
and there bursts. These are called Sky Rockets. Be¬ 
sides which, there arc others called Water Rockets, from 
their acting in water. • 

The composition with which rockets are filled, consists 
of the three following ingredients, viz, saltpetre, charcoal, 
and sulphur, all well ground ; and in the smaller sizes, 
gunpow der dust is also added. But the proportions of all 
the ingredients vary with the weight of the rocket, as in 
the following table. 

Composition for Rockets of various Sizes. 


The general composition for rockets is, 

Saltpetre 

4lb. 

Sulphur 

lib. 

Charcoal 

lib. 

But for large rockets, 


Saltpetre 

4lb. 


Sulphur lib. 

Mealpowder lib. 

For rockets of a middle size, 

Saltpetre 3lb. 

Sulphur 2lb. 

Mealpowder lib. 

Charcoal lib. 

When rockets are intended to mount upwards, they 
have a long slender rod fixed to the lower end, to direct 
their motion. 

Theory of the Flight of Rockets .—Mariottc takes the 
rise of rockets to be owing to the impulse or resistance of 
the air against the flame. Desaguliers accounts for it 
thus. Conceive the rocket to have no vent at the choke, 
and to be set on fire in the conical bore ; the consequence 
would be, either that the rocket would burst in the weak¬ 
est place, or that, if all parts were equally strong, and able 
to sustain the impulse of the flame, the rocket would burn 
out immoveable. Now, as the force of the flame is equa¬ 
ble, suppose its action downwards, or that upwards, suf¬ 
ficient to lift 40 pounds ; as these forces are equal, but 
their directions contrary, they will destroy each other's 
action. 

Imagine then the rocket opened at the choke ; by this 
means the action of the flame downwards is taken away, 
and there remains a force equal to 40 pounds acting up¬ 
wards, to carry up the rocket, and the stick or rod it is 
tied to. Accordingly we find that if the composition of 
the rocket be very weak, so as not to give an impulse 
greater than the weight of the rocket and slick, it does 
not rise at all ; or if the composition be slow, so that a 
small part of it only kindles at first, the rocket will not 
rise. 

The stick serves to keep it perpendicular ; for if the 
rocket should begin to tumble, moving round a point ill 
the choke, as being the common centre of gravity of roc¬ 
ket and stick, there would be so much friction against the 
air, by the stick between the centre and the point, and the 
point would beat against the air with so much velocity, 
that the reaction of the medium would restore it to its per¬ 
pendicularity. When the composition is burnt out, an4 
the impulse upwards has ceased, the common centre of 
gravity is brought lower towards the middle of the stick ; 
by which means the velocity of the point of the stick is 
decreased,and that of the point of the rocket is increased; 
so that the whole will fall down* with the rocket end fore¬ 
most. • 

During the time the rocket burns, the common centre 
of gravity is shifting and getting downwards, and still the 
faster and the lower as the stick is lighter ; so that it some¬ 
times begins to tumble before it is quite burnt out: but 
when the stick is too heavy, the common centre of gra¬ 
vity will not get so low, but that the rocket will rise 
straight, though not so fast. 

- From the experiments of Mr. Robins, and other gentle¬ 
men, it appears that the rockets of 2,3, or 4 inches diame¬ 
ter, rise the highest; and they found them rise to all 
heights in the air, from 400 to 1254 yards, which is about 
iih of a mile. See Robins's Tracts, vol.2, pa. 317, and 
tlijt Philos. Trans, vol.46, pa. 578. 

- ItOD, or Pole, is a long measure, of 16} feet, or 5} 
yards, or the 4lh part of a Gunter's chain, for )and-roea-~ 
suring. 

ROEMER (Olaus), a noted Danish astronomer and 
mathematician, was born at Arhuscn in Jutland, 1644; 
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ami at 18 years of age was sent to the university of Copen¬ 
hagen. lie applied assiduously to the study of the ma¬ 
thematics and astronomy, and became so expert in those 
sciences, that when Picard was sent by Lewis the 14th, in 
1671* to make observations in the noith, he was greatly 
surprised and pleased with him* He engaged him to re¬ 
turn with him to France, and had him• presented to the 
king, who honoured him with the dauphin as a pupil in 
mathematics, and settled a pension on him. He was joined 
with Picard and Cassini, in making astronomical observa¬ 
tions; and in 16/2 lie was admitted a member of the 
academy of sciences. 

During the ten years lie resided at Paris, he gained great 
reputation by his discoveries ; yet it is said he complained 
afterwards, that his coadjutors ran away with the honour 
of many things which belonged to him. Here it was that 
Rocmcr, first of anyone, found out the velocity with which 
light moves, by means of the eclipses of Jupiter's satellites. 
He had observed for many years that, when Jupiter was at 
his greatest distance from the earth, the emersions of his 
first satellite happened constantly 15 or 16 minutes later 
than the calculation gave them. Hence he concluded 
that the light reflected by Jupiter took up this time in 
running over the excess of distance, and consequently that 
it took up 16 or 18 minutes in running over the diameter 
of the earth's orbit, and 8 or 9 in coming from the sun to 
us, provided its velocity was nearly Uniform. 'Phis disco¬ 
very had at first many opposers ; but it was afterwards 
Confirmed by Dr. Bradley in the most ingenious and beau¬ 
tiful manner. Sec Adeiuiation. 

In 1681 Rocmcr was recalled back to his own country 
by Christian the 5th, king of Denmark, who made him 
professor of astronomy at Copenhagen. The king em¬ 
ployed him also in reforming the coin and the architec¬ 
ture, in regulating the weights and measures, and in mea¬ 
suring and laying out the high roads throughout the king¬ 
dom; offices which lie discharged with the greatest credit 
and satisfaction. In consequence he was honoured by the 
king with the appointment of chancellor of the exchequer 
and other dignities. Finally lie became counsellor of state 
and burgomaster of Copenhagen, under Frederic the 4th, 
the successor of Christian. Ilocmcr was preparing to ptrb- 
lish the result of his observations, when he died the 19 th 
of September 1710, at 66 years of age : but this loss was 
supplied by Horrcbow, his disciple, then professor of astro¬ 
nomy at Copenhagen, wM published, in 4to, 1735, various 
observations of Rocmcr, with his .method of observing, 
under the title of Basis Astronomia?.—He had also printed 
various astronomical observations and pieces, in several 
volumes of the Memoirs of the Royal Academy of Sciences 
at Paris, of the institution of 1666, particularly vols. 1 
and 10 of that collection. 

ROHAULT (James), a French philosopher, was the 
son of a rich merchant at Amiens, where he was born in 
1020. He cultivated the languages and belles-lettres in 
his own country, and then was sent to Paris to study phi¬ 
losophy. lie read the ancient and modern philosophers, 
but Descartes was the author who most engaged his no¬ 
tice. Accordingly he became a zealous follower of that 
great man,'and drew up an abridgment and explanation 
of bis philosophy with great clearness and method. Iji the 
preface to his Physics, for so his work is called, he makes 
no scruple to say, that 44 the abilities and accomplish¬ 
ments of this philosopher must oblige the whole world to 
confcs*, that France is at least as capable of producing 


and raising men versed in all arts and branches of know¬ 
ledge, as ancient Greece.” Clerselier, well known for his 
translation of many pieces of Descartes, conceived such an 
affection for Rohault, on account of his attachment to this 
philosopher, that he gave him his daughter in marriage, 
against all the remonstrances of his family. 

llohault’s Physics were written in French, but have 
been translated into Latin by Dr. Samuel Clarke, with 
notes, in which the Cartesian errors are corrected on the 
Newtonian system. The 4th and best edition of Rohault's 
Physica, by Clarke, is that of 1718, inSvo. He wrote also, 
Llcmens dc Mathernatiques, 

Traite de Mechaniquc, and 
Entrctiens surla Philosophic. 

But these dialogues arc founded and carried on upon 
the principles of the Cartesian philosophy, which has now 
little other merit, than that of having corrected the errors 
of the ancients. Rohault died in 16*75, and left behind 
him the character of an amiable, as well as a learned and 
philosophic man. 

Ilis posthumous works were collected and printed in 
two neat little volumes, first at Paris, and then at tlje 
Hague in 1690. The contents of which are, I. .The first 
6 books of Euclid. 2. Trigonometry. 3* Practical Geo¬ 
metry. 4. Fortification. 5. Mechanics.. 6. Perspec¬ 
tive. 7. Spherical Trigonometry. 8. Arithmetic. 

ROLLE (Michel), a French mathematician,was born 
at Ambcrt, a small town in Auvergne, the 21st of April 
1652. His first studies and employments were under no¬ 
taries and attorneys; occupations but little suited to his 
genius. He went to Paris in 1675, with the only resource 
of fine penmanship, and subsisted by giving lessons in 
writing. But as his inclination for the mathematics had 
drawn him to that city, he attended the masters in this 
science, and soon became one himself. Ozanam proposed 
a question in arithmetic to him, to which Rolle gave so 
clear and good a solution, that the minister Colbert made 
him a handsome gratuity, which at last grew into a fixed 
pension. He then abandoned penmanship, and gave him¬ 
self up entirely to algebra and other branches of the ma¬ 
thematics. Mis conduct in life gained him many friends; 
in which his scientific merit, his peaceable and regular be¬ 
haviour, with an exact and scrupulous probity of man¬ 
ners, were his only solicitors. 

Rolle was chosen a member of the ancient academy of 
Sciences in 1685, and named second geometrical-pen¬ 
sionary on its renewal in 1699 J an honour which he en¬ 
joyed till his death, which happened the 5th of July 171£)> 
at 67 years of age. 

The works published by Rolle, were, 

I. A Treatise of Algebra ; in 4to, lf>9°* 

II. A Method of resolving Indeterminate Questions in 
Algebra ; in 1699. Besides a great many curious pieces 

• inserted in the Memoirs of the Academy of Sciences, as 
follow : 

1 A Rule for the Approximation of Irrationalj(Cubcs 1 
an. 1666, vol. 10.—2. A Method of resolving Equations 
of all Degrees which arc expressed in General Terms ; an. 
1666, vol. 10.—3. Remarks on Geometric Lines: 1702 
and 1703.—4. On ihe New System of Infinity : 1703.-— 
5. On the Inverse Method of Tangents :^7°5, po. 25, 
171, 222.-6. Method of finding the Foci of Geometric 
Lilies of all kinds: 1706, pa. 384.—7* On Curves, both 
Geometrical and Mechanical, with their Radii of Curva¬ 
ture : 1707, pa. 370.—8. On tho Construction of Equa- 
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tious: I70S,and 1709.—9. On the Extermination of the 
Unknown Quantities in the Geometrical Analysis : 1709, 
pa.419.—10. Rules and Remarks for the Construction of 
Equations: 1711, pa. 86.—11. On the Application of 
Diophantinc Rules to Geometry : 1712.—12. O11 a Para¬ 
dox in Geometric Ejections: 1713, pa. 243.—13. On 
Geometric Constructions: 1713, pa. 261, and 1714, 
pa. 5. 

ROLLING, or Rotation , in Mechanics, a kind of cir¬ 
cular motion, by which the moveable body turns round 
its own axis, or centre, and continually applies new parts 
of its surface to the body it mqvcs upon. Such is that of 
a wheel, a sphere, a garden roller, or the like. 

The motion of rolling is opposed to that of sliding ; in 
which latter motion the same surface is continually ap¬ 
plied to the plane it moves along. 

In a wheel, it is ouly the circumference that properly 
and simply rolls; the rest of the wheel proceeds in a com¬ 
pound angular kind of motion, and partly rolls, partly 
slides. The want of distinguishing between which two 
motions, occasioned the difficulty of that celebrated pro¬ 
blem of Aristotle’s Wheel. Sec Rota Aristotclica. 

The friction of a body in foiling, is much less than 
the friction in sliding. And hence arises the great use of 
wheels, rolls, &c, in machines; as much of the action 
as possible being laid upon it, to make the resistance the 
less. See Rotation. 

ROMAN Order , in Architecture, is the same as the 
Composite. It was invented by the Romans, in the time 
of Augustus: it is composed of the Ionic and Corinthian 
orders, being more ornamental than either. 

RONDEL, in Fortification, a round tower, sometimes 
erected at the foot of a bastion. 

ROOD, a square measure, being a quantity of land 
equal to the 4th part of an acre, or equal to 40 perches 
or square poles. 

ROOF, in Architecture, the uppermost part of a 
building; being that which forms the covering of the 
whole. In this sense, the roof comprises the timber work, 
together with its furniture, of slate, or tile, or lead, or 
whatever else serves for a covering: though the carpen¬ 
ters usually restrain roof to the timber-work only. 

The form of a roof is various: viz, 1. Pointed, when 
the ridge, or angle formed by the two sides, is an acute 
angle.—2. Square, when the pitch or angle of the ridge is 
a right angle, called the true pitch.—3. Flat or pediment 
roof, being only pediment pitch, or the angle very obtuse. 

. There are also various other forms, as hip roofs, valley 
roofs, hopper roofs, double ridges, platforms, round, 
& c -—In the true pitch, when the sides form a square or 
right angle, the girt over both sides of the roof, is ac¬ 
counted equal to flic breadth of the building and the half 
of the same. , 

ROOKh (Lawrence), an English astronomer and 
geometrician, was born at Deptford in Kent, 16*23, and 
educated at Eton school. Hence he removed to King's 
College, Cambridge, in 1639; and after Inking the de¬ 
gree of muster of arts in 16*7, he retired into the country. 
Hut in the year 1650 lie went to Oxford, and settled in 
Wadhani College, that he might have the company of, 
and receive improvement from Dr. Wilkins, and Mr. Seth 
Ward jbe Astronomy Professor; and that he might attend 
Ur. Boyle in his chemical operations. 

After the death of Mr. Foster, he was chosen Astronomy 
Professor in Greshum College, .London, in the year 1652, 


lie made some observations on the cornet at Oxford, 
which appeared in the month of December that year; 
which were printed by Dr. Seth Ward the year following. 
And, in 1655, Dr. Wallis publishing his treatise on 
Conic Sections, he dedicated that work to those two gen¬ 
tlemen. 

In 1657, Mr. Rookc was permitted to exchange the 
astronomy professorship for that of geometry. This step 
might seem strange, as astronomy still continued to be 
his favourite study ; but it was thought to have been from 
the convenience of the lodgings, which opened behind the 
reading hall, und therefore were proper for the reception 
of those gentlemen after the lectures, who in the year l 66'0 
formed the Royal Society there. 

Mr. Rookc having thus successively enjoyed those two 
places some years before the restoration in 16*58, most of 
those gentlemen whohad been accustomed toassemble with 
him at Oxford, coming to London, joined with other 
philosophical men, and usually met at Gresham College 
to hear Mr. lloukc’s lectures, and afterwards withdrew 
into his apartment; till their meetings were interrupted 
by the quartering of soldiers in the college that year. 
And after the Royal Society was formed and settled into 
a regular body, Mr. Rookc was very zealous and service¬ 
able in promoting that great and nseful institution ; though 
he did not live till it received its establishment by the 
Royal charter. 

The Marquis of Dorchester, who was not only a pa¬ 
tron of learning, but learned himself, used to entertain 
Mr. Rookc at his seat at Highgatc after the restoration, 
and bring him every Wednesday in his coach to the Royal 
Society, which then met on that day of the week ai 
Gresham College. But the last time Mr. Rookc was at 
Highgatc, he walked from thence; and it being in the 
summer, he overheated himself, and taking cold after it, 
was thrown into a fever, which cost him his life. He died 
at his apartments at Gresham College the 27th of June 
j66'2, in the 40th year of his age. 

Another very unfortunate circumstance attended his 
death, which was, that it happened the very night that 
he had for some years expected to finish his accurate ob¬ 
servations on the satellites of Jupiter. When he found 
his illness prevented him from making that observation. 
Dr. Pope says, he sent to the Society his request, that 
some other person, properly qualified, might bo appointed 
for that purpose; so intent was he to the last on making 
those curious and useful discoveries, in which he had 
been so long engaged.. 

Mr. Rookc made a nuncupatory will, leaving what he 
had to Dr. Ward, then lately made bishop of Exeter : 
whom he permitted to receive what was due upon bond, 
if the debtors offered payment willingly, otherwise he 
would not have the bonds put in suit: 44 for," said he, 
44 as 1 never wus in law, nor had any contention with any 
man, in my life-time; neither would I be so after my 
death/* 

Few persons have left behind them a more agreeable 
character than Mr. Ilooke, from every person tbat was 
acquainted with him, or with his qualifications; and in 
nothing more than for his veracity : for what he asserted 
positively, might be fully relied on: but if his opinion 
was asked concerning any thing that was dubious, his 
usual answer was, 44 I have no opinion/* Mr. Hooke tins 
given this copious, though concise character of him: 44 I 
never was acquainted with any person who knew more, 
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and spoke less, being indeed eminent for the knowledge 
and improvement of astronomy.” Dr. Wren and Seth 
Ward describe him, as a man of profound judgment, a 
vast comprehension, prodigious memory, and solid expe¬ 
rience. His skill in the mathematics was reverenced by 
all the lovers of those studies, and his perfection in many 
other kinds of learning deserves no less admiration ; but 
above all, as another writer characterises him, his exten¬ 
sive knowledge had a right influence on the temper of his 
mind, which had all the humility, goodness, calmness, 
strength, and sincerity, of a sound and unaflected philo¬ 
sopher. These accounts give us his picture only in mi¬ 
niature ; but his successor, Dr. Isaac Barrow, has drawn 
it in full proportion, in his oration at Gresham College; 
which is too long to be inserted in this place. 

His writings were chiefly ; 

1. Observations on the Comet of Dec. 1652. This was 
printed by Dr. Seth Ward, in his Lectures on Comets, 
4to, 1653. 

2. Directions for Seamen going to the East and West 
Indies. Published in the Philosophical Transactions for 
Jan. 1665. 

3. A Method of Observing the Eclipses of the Moon 
Sec. In the Philos. Trans, for Feb. 1666. 

4. A Discourse concerning the Observations of the 
Eclipses of the Satellites of Jupiter. In the History of 
the Royal Society, pa. 183. 

5. An Account of an Experiment made with Oil in a 
long Tube. Read to the Royal Soc. April 23, 1662.— 
By this experiment it was found, that the oil sunk when 
the sun shone out, and rose when he was clouded ; the 
proportions of which are set down in the account. 

ROOT, in Arithmetic and Algebra, denotes a quan¬ 
tity which being multiplied by itself produces some higher 
power; or a quantity considered ns the basis or founda¬ 
tion of a higher power, out of which this arises and grows, 
like as a plant from its root. 

In the involution of powers, from a given root, the root 
is also called the first power; when this is once multi¬ 
plied by itself, it produces the square or second power; 
this multiplied by the root ngain, makes the cube or 3d 
power; and so on. And hence the denominations square- 
root, cube-root, Sec, or 2d root, or 3d root, &c, according 
•as the given power or quantity is considered ns the square, 
or cube, or 2d power, or 3d power, Sec. Thus, 2 is the 
square-root or 2d root of 4, and the cube-root or 3d root 
of 8, and the 4th root of l6, &c. 

Hence, the square-root is the mean proportional be¬ 
tween I and the square or given power; and the cube- 
root is the first of two mean proportionals between I and 
the given cube; and so on. , 

Root is also applied sometimes in a different sense; 
thus we soy the root or radix of any system of notation, 
or the radix of a system of logarithms. The radix of our 
present scale of notation is 10, and this is also the radix 
of the modern or Briggcs's logarithms. The advantages of 
which consist in this equality between the roots of the 
system of notation and logarithms, by which means the 
tables of the latter are much contracted, and are also 
much readier in their application. 

For the method of extracting the roots of. numbers, 
and algebraic quantities, see the articles Extraction, 
and Binomial Theorem. 

Finite, approximating rules for the extraction of roots 
have been given by several authors, as Raphson, Dc 


Lagney, Halley, &c. See the articles Approximation 
and Extraction. Sec also Newton’s Universal Aritb. 
the Appendix; Philos. Trans, numb. 210; Maclaurin’s 
Alg. pa. 242 ; Simpson’s Alg. pa. 155; or his Essays, pa. 
82, or his Dissertations, pa. 102 , or his Select Excrc. pa. 
215: where various general theorems for approximating 
to the roots of pure powers are given. Sec also Equa¬ 
tion and Reduction of Equations, Approximation, 
and Converging. 

But the most commodious and general rule of any, for 
such approximations, 1 believe, is that which has been 
invented by myself, and explained in my Tracts, vol. 1 , 
pa. 210 : which theorem is this; 

— -—— a — r/N. That is, having to extract the 

nth rootof the given number N ; takca“ the nearest rational 
power to that given quantity n, whether greater or less, 
its root of the same kind being a; then the required root, 
ory/N, will be as is expressed in this formula above; or 
the same expressed in a proportion will be thus; 

(n— 1). N 4- (n-+- 1 ) .a° : (n-t- 1) . n 4-(n — l).a" : : a : !J/n 
the root sought very nearly. 

This rule includes all the particular rational formulas 
of Dc Lagney, and Halley, which were separately inves¬ 
tigated by them ; and yet this general formula is perfectly 
simple and easy to apply, and more easily kept in mind 
than any one of the said particular formulas. 

Ex. Suppose it be required to double the cube, or to 
extract the cube root of the number 2 . 

Here n = 2, n = 3, the nearest root a = I, also 
a} = I ; hence, for the cube root the formula becomes 

As + ia 3 as-t-a* 

--—; a or -- a = ?/n. 

ax-f-4a N-t-aa’ v 

But n 2a 3 = 4, and 2 n 4 - u 1 = 5; therefore as. 
4:5 : : 1 : \ = 1*25 = the root nearly by a first ap¬ 
proximation. 

Again, for a second approximation, take a = $■, and 
consequently a 3 = 


hence 2 n 


las 


a 3 = 4 4 - — = — 


anil N ■+■ 2a 3 = 2 = “ 


therefore as 378 : 381, or as 126 : 127 


flsi 

64 64 9 

950 _ 378 

64 64 

5 635 

mm • , 2J55 

4 ' 304 

1*259921 &c, for the required cube root of 2, which is 
true even in the last place of decimals. 

Root of an Equation, denotes the value of the unknown 
quantity in an equation; which is such n quantity,, as 
being substituted instead of that unknown letter, intothe 
equation, shall make all the terms to vanish, or both sides 
equal to each other. Thus, of the equation 3r-t-5 = 14,. 
the root or value of x is 3, because substituting 3 for x , 
makes it become 94-5 = 14. And the root of the equa¬ 
tion 2x* = 32 is 4, because 2x4’= 32. Also the root of 
the equation x* = o a 4-c* is x = »/ ( 0 * 4 - 0 *). 

For the nature of roots, and for extracting the several 
roots of equations, see Equation. 

Every equation has as many roots, or values of the 
unknown quantity, as aro units in the dimensions or 
highest power in it. So a simple equation has one root* 
a quadratic two, a cubic three, and so on. - 

Roots are positive or negative, real or imaginary, ra¬ 
tional or radical, &c. See Equation. 

Cubic Root. This is threefold, even for a simple cubic. 
So the cube root of a*, is either 
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— i +*/- a — 1 — */- a 

a, or-—-— or -- o- 

9 a a 

And even the cube Root of 1 itself is either 

— i -+-<✓- 3 - l -*/- 3 

1 , or-, or---• 

/?<ro/ and Imaginary Roots. The odd roots, as the 
3d, 5th, 7th, 6cc roots, of all real quantities, whether po¬ 
sitive or negative, arc real, and are respectively positive 
or negative. So the cube root of a i is a y anti of — a 1 
is — a. 

But the even roots, as the 2d, 4th, 6th, &c, are only 
real when the quantity is positive ; being imaginary or im¬ 
possible when the quantity is negative. So the square 
root of d* is a y which is real ; but the square root of 
— a l y that is, •/ — a ~* is imaginary or impossible; be¬ 
cause there is no quantity, neither -t- a nor — a, which 
by squaring will make the given negative square — a 1 . 

The large Table of Roots, Squares, and Cubes, at the 
end of vol. 1 of my Tracts, is very useful in many calcu¬ 
lations, and will serve to find square roots and cube 
roots, as well as square and cubic powers, See. 

ROTA, in Mechanics. See Wheel. 

Rota /iristotdica , or Aristotles Whccly denotes a cele¬ 
brated problem in mechanics, concerning the motion or 
rotation of a wheel about its axis ; so called because first 
noticed by Aristotle. The difficulty is this. While a 
circle makes a revolution on its centre, advancing at the 
same time in a right line along a plane, it describes, on 
that plane, a right line which is equal to its circumference. 
Now if this circle, which may be called the deferent, carry 
with it another smaller circle, concentric with it, like the 
nave of a coach wheel; then this little circle, or nave, will 
describe a line in one revolution, which is equal to that 
of the large wheel or circumference itself; because its 
centre advances in a right line as fast as that of the wheel, 
being in reality the same with it.—The solution given 
by Aristotle, is no more than a good explication of the 
difficulty. 

Galileo, who next attempted it, had recourse to an in¬ 
finite number of infinitely little vacuities in the right line 
described by the two circles : and imagines that the little 
circle never applies its circumference to those vacuities; 
but in reality only applies it to a line equal to its own cir¬ 
cumference ; though it appears to have applied it to a 
much larger. But all this is nothing to the purpose. 

Tacquet says, that the little circle, making its rotation 
more slowly than the great one, does on that account de¬ 
scribe a line longer than its own circumference; yet with¬ 
out applying any point of its circumference to more than 
one point of its base. But this is no more satisfactory 
than the former. 

After the fruitless attempts of so many great men, M. 
Dortous de Mcyran, a French gentleman, had the good 
fortune to hit upon a solution, which he sent to the 
Academy of Sciences; where being examined by Mess, dc 
Louvillc and Soulmon, appointed for that purpose, they 
made their report that it was satisfactory. The solution 
is to this effect: 

The wheel of a coach is only acted on, or drawn in a 
right line; its rotation or circular motion arises purely 
from the resistance of the ground upon which it is applied. 
Now this resistance is equal to the force which draws the 
wheel in the right line, inasmuch as it defeats that direc¬ 
tion ; consequently the causes of the two motions, the one 
right and the other circular, arc equal. And hence the 


wheel describes a right line on the ground equal to its cir¬ 
cumference. 

As for the nave of the wheel, the case is otherwise, it 
is drawn in a right line by the same force as the wheel ; 
but it only turns round because the wheel does so, and can 
only turn in the same time with it. Hence it follows, 
that its circular velocity is less than that of the wheel, in 
the ratio of the two circumferences; and therefore its cir¬ 
cular motion is less than the rectilinear one. Since ihin 
it necessarily describes a right line equal to that of the 
wheel, it can only do it partly by sliding, and partly by 
revolving, the sliding part being mure or less as the nave 
itself is smaller or larger. See Cycloid. 

ROTATION, or Rotary Motion , in Mechanics, is 
the motion of a body, or system of bodies, about a fixed 
axis ; being thus distinguished from rectilinear motion, in 
which bodies are supposed to describe spaces in the direc¬ 
tion of the impelling force, which is always considered as 
acting in a right line passing through the centre of gravity 
of the body moved ; and therefore, that every particle of 
such body must partake of the same degree of velocity as 
that with which the centre of gravity moves. But in nu¬ 
merous instances which occur in practice, a body, or 
system of bodies, is so situated; that when any force or * 
number of forces arc impressed upon it, it cunnot take any 
other motion than one of rotation about a fixed axis, which 
may either pass through the body or system, or be at an 
extremity of it: so that the velocity of the constituent 
molecular of the system shall be greater or less according 
to the greater or less distance of any individual particle 
from the axis about which the motion is performed. And 
in such cases, it is necessary to call to our aid other con¬ 
siderations than what arc required in discussing the pro¬ 
perties of acceleration and retardation. 

In these considerations, two things are principally to 
be attended to, i. c. the moving force by which the re¬ 
volving motion is generated, and the inertia of the parts 
that compose the system : the moving force exerted on 
any given particle in the system, as well os its inertia, 
depends on its distance from the axis of motion, every 
thing else being the same, and if both these be ascertained, 
the absolute acceleration will he determined, and conse¬ 
quently the absolute velocity generated in it in a given 
time. Thus, 

Let afg ii represent the circum¬ 
ference of a wheel, which turns in 
its own plane round an horizontal 
axis, passing through s its centre, 
and let a weight i\ fixed at the ex¬ 
tremity of a line af, communicate 
morion to the wheel. Also, let the 
whole weight of the wheel be**, and 
suppose this weight to be collected 
uniformly into the circumference 
afgii ; then during the descent of 
the weight p, each point of the cir¬ 
cumference must move with a velocity equal to that with 
which p descends ; and consequently, since the moving 
force is the weight P, and the mass moved p -+- q, the 
force which accelerates r in its descent, will be that part 
of the accelerating force of gravity which is expressed by 

the fraction (sec Acceleration).* The velocity. 

therefore which is generated in r, in any given time, is> 
found by proportion, namely, it will be to the velocity. 
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pcnerntcd by gravity in a failing body in the same time, as 
this fraction to unity ; so, if q = r, then its velocity to 
that of gravity, is as 1 to 2. Ami this is universally true 
while the axis of the body, or system of bodies, pusses 
through their centre of gravity. Rut if, instead of this, 
we suppose nil the matter of the wheel to be collected into 
one point as at q ; then it is manifest, that if the mass Q 
be acted on by gravity, the force which communicates 
motion to the system round s, will be variable, it being 
the greatest when sq is horizontal, and gradually dimi¬ 
nishing till q has descended to its lowest point. But if, 
instead of supposing q to be acted on by gravity, we con¬ 
sider it as destitute of weight, and to possess inertia only, 
then the moving force will be constant, being equal to p, 
and the bodies moved will be p q, and therefore the 

accelerating force of the weight r will he represented by 

r / 

-, the same as before; which ought to be the result, 

because in the former case the parts of the weight Q being 
uniformly disposed over the circumference, balance each 
other round the common centre of gravity s, and their 
weight therefore lias no effect in accelerating or retarding 
the descent of the weight p. 

In general, the accelerating force of the body p will be 
represented by the motive force divided by thfc inertia of 
the bodies moved; and therefore, if the body r be destitute 
of inertia, the accelerating force will be expressed simply 

t p 

by the fraction 

In what has been said above, we have supposed all the 
matter of the wheel to be uniformly disposed throughout 
the circumference of it ; but supposing the wheel of 
uniform thickpess and density, or in any other way con¬ 
stituted, before we enter upon the investigation of the law 
of acceleration, we must first determine the centre of gy¬ 
ration, or that point of it into which, if all the matter of 


the body be collected, the same angulur velocity would 
be produced, which in a uniform circle is atry/J distance 
from the centre, r being the radius of the wheel. All the 
mutter of the wheel being supposed to be collected in that 
circumference whose radius is r</{, we shall have the 
moving force ns rp, because the weight of the wheel, being 
uniformly distributed, will balance it on its centre, and 
therefore can neither tend to accelerate nor retard the de¬ 
scent of the body p. But the inertia of bodies being ns 
the square of their distances from the axis of motion, wc 
shall have Jr *q for the inertia of the wheel, and r*p for 

the inertia of the weight r, and therefore for the 

accelerating force of the wheel, or of the lever ah ; and 
as the acceleration of any point of a lever must, (besides 
the accelerating force with which the lever itself is made 
to revolve) be in proportion to the distance of that point 
from the axis of suspension, therefore the acceleration of the 

point p will he as 


r*9 


'■'iJq + P> + P 

Let now a nc represent a wheel and 
axle, the din meters of which are given, 
w and p two given weights; the former, 
being fixed to the axle, is drawn up 
by the descent of the luttcr attached 
to the circumference of the wheel; 
and let it be reqaired to determine the 
accelerative force of the descending 
body, the wheel and axle being sup¬ 
posed of no weight. 



Put nc = b, ac = a, then from what has been before 
observed, the moving force will be as b p, and the retard¬ 
ing force as aw, and therefore the motive force will be ex¬ 
pressed by b p — aw ; also the inertia of the bodies will 
be as b'v -+- a*w, and hence the accelerating force of the 

lever will be as ^ ; also, the acceleration of any 

point of the lever being as its distance from theaxis, wchavc 

lor the accelerative force of r, - -x b = - r - ~ alw - 

l/r + aw f + » 

and if p be a power of that kind which is not possessed of 

• • i • , • t Vp — a£w _ 

inertia, the expression becomes simply- 7 -. Sec 

Atwood on the Rectilinear Motion and Rotation of 
Bodies, pa. 1S3, and Gregory’s Mechanics, vol. J, pa.257; 
sec also the articles Gy ration, Oscillation, Centre 
of Spontaneous Rotation , &c, in this Dictionary. 

Rotation, in Geometry, the circumvolution of a sur¬ 
face round an immoveable line, called the Axis of Rota¬ 
tion. By such rotation of planes, the figures of certain re¬ 
gular solids are formed or generated. Such us, a cylin¬ 
der by the rotation of a rectangle, a cone by the rotation 
of a triangle, a sphere or globe by the rotation of a semi¬ 
circle, Arc. 

The method of cubing solids that are generated by such 
rotation, is laid down by Demoivre, in his specimen of 
the use of the doctrine of fluxions, Philos. Trans, numb. 

; and indeed by most of the writers on fluxions. In 
every such solid, all the sections perpendicular to the 
axis arc circles, and therefore the fluxion of the solid, at 
any section, is equal to that circle multiplied by the 
fluxion of the axis. So that, if x denote an absciss of that 
axis, and y an ordinate to it in the revolving plane, which 
will also be the radius of that circle: then, putting » =s 
5*141(), the area of the circle isny 1 , and consequently the 
fluxion of the solid is the fluent of which will be 

the content. 

Such solid may also be expressed in terms of the gene¬ 
rating plane and its centre of gravity ; lor the solid is 
always equal to the product arising from the generating 
plane multiplied by the path of its centre of gravity, or by 
the line described by that centre in the rotation of the 
plane. And this theorem is general, by whatever kind of 
motion the plane is moved, in describing a solid. 

Rotation, Revolution , in Astrofiomy. See Revolu¬ 
tion. 

Diurnal Rotation. Sec Diurnal, and Eartii. 

IIOTONDO, or Rotundo, in Architecture, a popu¬ 
lar term for any building that is round both withinsidc 
and without, whether it be a church, hull, a saloon, ft 
vestibule, or the like. 

ROUND, Roundnes9, Rotundity, the property of a 
circle and sphere or globe, &c. . 

ROWN1NG (John), an ingenious English mathema¬ 
tician and philosopher, was fellow of Magdalen College, 
Cambridge, and afterwards rector of Andcrby in Lincoln¬ 
shire, in the gift of that society. He was a constant at¬ 
tendant at the meetings of the Spalding Society, and was 
a man of a great philosophical turn of mind, though of a 
cheerful aud sociable disposition, lie had a good genius 
for mccliauical contrivances in particular. In 1738 ho 
printed at Cambridge, in 8vo, A Compendious System of 
Natural Philosophy, in 2 volsSvo; a very ingenious work, 
which has gone through several editions. He bad also 
two pieces inserted in the Philosophical Transactions, via, 
1. A Description of a Barometer wherein the Scale of Va- 
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riation may be increased at pleasure ; vol. 3S, pa. 39- 
And 2. Direction for making a Machine for finding the 
Root* of Equation* universally, with the Manner ol using 
it; vol. Co, pa. 240.— Mr Rowning died at hjs lodgings 
in Carey-strcet near Lincoln's-inn Fields. London, the 
latter end of November 177 1, at 7 € 1 years of age. 

Though a very ingenious and pleasant man, he had 
rather an unpromising and forbidding appearance: he 
was tall, stooping in the shoulders, and of a sallow and 
gloomy countenance. 

ROYAL. 0(ik y Kobur Carolinum , in Astronomy, one of 
the new southern constellations, the stars of which, ac¬ 
cording to Sharp's catalogue, annexed to the Britannic, 
are 12. 

RUPOLPHINE Tables , a set of astronomical tables 
that were published by the celebrated Kepler,and sulcal led 
from the emperor Rudolph or Rudolphu*. 

RULE, The Carpenter' s y a folding ruler generally used 
by carpenters and other artificers ; and is otherwise called 
the sliding rule.—T his instrument consists ol two equal 
pieces of box-wood, each one foot in length, connected 
together by a folding joint. One side or face, of the rule, 
is divided into inches, and half-quarters, or eighths. On 
the same face also are several plane scales, divided into 
J 2th parts by diagonal lines; which arc used in planning 
dimensions that are taken in feet and inches. The edge 
of the rule is commonly divided decimally, or into lOths; 
viz, each foot into 10 equal parts, and each of these into 
10 parts again, or 100th parts of the foot: so that by 
means of this last scale, dimensions are taken in feet and 
tenths and hundredths, and multiplied together as common 
decimal numbers, which is the best way. 

On the one part of the other face are four lines, mark¬ 
ed a, b t c, i), the two middle ones n and c being on a 
slider, which runs in a groove made in the stock. 'Flic 
same numbers serve for both these two middle lines, the 
one line being above the numbers, and the other below 
them.*—These four arc logarithmic lines, and the three 
A, n, c, which are all equal to one another, are double 
lines, sis they proceed twice over from 1 to 10. The 
lowest line n is a single one, proceeding from 4 to 40. It 
is also called the girt line, from its use in computing the 
contents of trees and timber : and on it are marked wo 
at 17'15, and ac, at 18*95, the wine and ale gauge points, 
to make this instrument serve the purpose of a gauging- 
rulc.—On the other part of this face is a table of the 
value of a load, or 50 cubic feet, of timber, at all prices, 
from 6d. to 2s. a foot. 

When 1 at the beginning of any line is accounted only 
1, then the 1 in the middle is 10, and the 10 at the end 
100; hut when the 1 at the beginning is accounted 10, 
then 1 in the middle is 100, and the 10 at the end 1000; 
and so on. All the smaller divisions being also altered 
proportionally. 

By means of this rule all the usual operations of arith¬ 
metic may be easily and quickly performed, as multipli¬ 
cation, division, involution, evolution, finding mean pro¬ 
portionals, 3d and 4th proportionals, or the rulc-of-tbrcc, 
&c. For nil which, sec my Mensuration, part 5, sect. 3. 

Rules of Philosophizing. See Philosophizing. 

Rule, in Arithmetic, denotes a certain mode of opera¬ 
tion with figures, to find sums or numbers unknown, and 
to facilitate computations.—Each rule in arithmetic has 
its particular name, according to the use for which it is 
intcudcd. The first four, which serve as a foundation of 


the whole art, are called addition, subtraction, multipli¬ 
cation, and division. 

Front these arise numerous other rules, which are in¬ 
deed only applications ot these to particular purposes and 
occasions ; as the 11 ule-of-three, or Ivolden Rule, or Rule 
of Proportion; also the Rules of Fellowship, Interest, 
Exchanges, Position, Progressions, &c, &c. For which, 
sec each article severally. 

R v L K-of-Three t or Rule of Proportion , commonly called 
the Golden Rule from its gnat use, is a rule that leaches 
how to find a 4th proportional number to three others 
that are given. 

As, if 3 degrees of the equator contain 20S miles, how 
many are contained in 36*0 
degrees, or the whole cir¬ 
cumference of the earth? 

The rule is this: State, or 
set the three given terms 
down in the form of the 
first three terms of a pro¬ 
portion, stating them pro¬ 
portionally, thus : 

Then multiply the 2d and 3d terms together, and divide 
the product by the 1st term, so shall the quotient be the 
4ill- term in proportion, or the answer to the question, 
which in this example is 24-96*0, or nearly 25,000 miles, 
for the circumference of the earth. 

This rule is often considered as of two hinds, viz, Direct , 
and Inverse. 

Ru!*-of-Three Dircct y is that in which more requires 
more, or less requires less. As in this; if 3 men mow 21 
yards of grass'in a certain time, how much will (i men 
mow in the same time? Here more requires more, that 
is, 0* men, which are more than 3 men, will also perform 
more work, in the same lime. Or if it were thus: if (i 
men mow 42 yards, how much will .3 men mow in the * 
same time ? Here then less requires less, or 3 men will* 
perform proportionally less work, in the same time. . In 
both these cases their,-the rule, or the proportion, is di¬ 
rect; and the stating must be 

thus, as 3 : 6 : : 21 : 42,- 
or thus, as 6 : 3 : : 42 : 21. 

Rule-of-Threc Inverse , is when more requires less, or*' 
less requires more. As in this ; if 3 men mow a certain » 

Q uantity of grass in 14 hours, in how many hours will - 
men mow the like quantity? Here it is evident that 6* 
men, being more than 3, will perform the same work in * 
less time, or fewer hours; hence then more requires less,. 
and the rule or question is inverse, and must be stated 
by making the number of* men change places, thus, us- 
6:3:: 14 : 7 hours, the time in which 6 men will per-- 
form the work ; still multiplying the 2d and 3d terms to¬ 
gether, and dividing by the 1st. 

For various abbreviations, and other particulars relating • 
to these rules, see my books of arithmetic. 

Double Ru LV.-of-Three, or Compound Proportion , is where * 
two statings are required to be wrought, or to be com¬ 
bined together, to find out the number sought. 

This rule may be performed, either by working the two - 
statings or proportions separately, making the result or 4th » 
term of the 1st operation to be the 3d term of the last 
proportion ; or else by reducing the two statings into one, ^ 
by multiplying the two first terms together, and the two 
third terms together, and using the productsas the 1st and 
3d terms of the compound statin". As, if the question • 


deg. mil. deg. miles, 
as 3 : 208 : : 360 : 24960 
360 

12480 

624 

3 )7 4SS0 
24960 
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be ibis : It 100/. in 2 years yield 9/. interest, how much 
will 500/. yield in 6 year,. Here, the two statings are, 

10O l C500 

2) * 9 *- 1 0 

Then, to work the two Matings separately, 
as 100 : 9 : : 5C0 : 45/. 
and 2:6:: 45 : 135/. 

so that 1351. is the interest or answer sought. But to work 
by one stating, it will be thus, 

100 500 

_J2 _6 

200 : 9 : : 3000 : 135/. the answer. 

2*00 ) 270 00 ( 135/. 

See the books of arithmetic for more particulars. 

Centred Hulk. Sec Central Rule. 

Parallel ltuLER. Sec Parallel Ruler. 

HU MB. See Hhumh. 

Hu mb -Line, or Loxodromic. See Rhumb -Lauc. 

RUSTIC, in Architecture, denotes u manner of build¬ 
ing in imitation of simple or rude nature, rather than ac¬ 
cording to the rules of art. 

Rustic Quoin. Sec Quoin. 

Rustic Work is where the stones in the face &c of a 
building, instead of being smooth, arc hutched or picked 
with the point of an instrument. 

Regular Rustics, are those in which the stones are 
chamfered oft at the edges, and form angular or square re¬ 
cesses of about an inch deep at their jointings, or beds, 
and ends. 


Rustic Order, is an order decorated with rustic quoins 
or rustic work, &c. 1 ^ 

RUTHERFORD (Thomas, d. n.), an ingenious En¬ 
glish philosopher, was the son of the Rev. Thomas Ruther¬ 
ford, rector of I’apworth Everard in the county of Cam¬ 
bridge, who had made large selections for the history of 
that county. He was born the 13th of October 1712. He 
studied at Cambridge, and became fellow of St. John's 
college, and regius professor of divinity, in that university; 
afterwards rector of Shcnfield in Essex, and of Barley in 
Hertfordshire, and archdeacon of Essex. lie died Octo¬ 
ber 5, 177 1, at 59 years of age. 

Dr. Rutherford, besides a number of theological writ¬ 
ings, published, at Cambridge, 

1. Ordo Institutionum Physicarum, 1743, in 4to. 

2. A System of Natural Philosophy, in 2 vols, 4to 
1748. A work which has been much esteemed. 

3. He communicated also to the Gentleman's Society 
at Spalding, a curious correction of Plutarch’s description 
of the instrument used to renew the vestal fire, as relating 
to the triangle with which the instrument was formed. It 
was nothing more, it seems, than a concave speculum, 
whose principal focus, which collected the rays, is not in 
the centre of concavity, but at the distance of half a dia¬ 
meter from its surface. But some of the ancients thought 
otherwise, as appears from prop. 31 of Euclid’s Catop¬ 
trics. 


S. 
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O IN books of Navigation, &c, denotes south. So also 
s. r., is south-east; s. \v. south-west; and s. s. E. 


south-south-cast, &c. Sec Com r ass. 

SACROBOSCO. See HoLYWOon. 

SAGl'lTA, In Astronomy, the Arrow or Dart, a con¬ 
stellation of the northern hemisphere near the eagle, and 
one of the 48 old asterisms. The Greeks say that this con¬ 
stellation owes its origin to one of the arrows of Hercules, 
with which he killed the eagle or vulture that gnawed the 
liver of Prometheus. The stars in this constellation, in the 
catalogues of Ptolemy, Tycho, and Hcvclius, arc only 5, 
but in Flamsteed’s they are extended to 18. 

Saoitta, in Geometry, is a term used by some writers 
•for the absciss of a curve. 

"Sagitta, in Trigonometry &c, is the same as the versed 
sine of an arch ; being so called because it is like a dart 
or arrow, standing on the chord of the arch. 

. SAGITTARIUS, Sagittaiiy, *lhe Archer, o nc of the 
signs of the zodiac, being the 9*h in order, and marked 
with the character $ of a dart or arrow. This constel¬ 
lation is drawn in .the figure of a Centaur, or an animal 
half man and half horse, in the act of shooting an arrow 
from a bow. This figure the Greeks feign to be Crotus, 
the son of Euphemc, the nurse of the muses. Among more 
ancient nations the figure was probably meant for a hunt¬ 
er, to denote the hunting season, when the sun enters this 
sign. The stars in this constellation arc, in Ptolemy’s ca¬ 
talogue 31, in Tycho’s 14, iu Ucvclius’s 22, and in the 
Britannic catalogue 69. 


SAILING, in a general sense, denotes the movement by 
which a vessel is wafted along the surface of the water, by 
the action of the wind upon her sails. Suiting is also used 
for the art or uct of navigating; or of determining all the 
cases of a ship’s motion, by means of sea-charts &c. These 
charts arc constructed cither on the supposition that the 
earth is a lnrgc extended flat surface, whence we obtain 
those thut are called plant charts ; or on the supposition 
that the earth is a sphere, whence arc derived globular 
charts. Accordingly, sailing may be distinguished into 
two general kinds, viz, Plane Sailing, and Globular Sailing. 
Sometimes indeed a third sort is added, viz, Spheroidical 
Sailing, which proceeds on the supposition of the sphe¬ 
roidical figure of the earth. , 

Plane Sailing is that which is performed by means of 
a plane chart; in which case the meridians are considered 
as parallel lines, the parallels of latitude arc at right angles 
to the meridians, the lengths of the degrees on the meri¬ 
dians, equator, and parallels of latitude, are every where 
equal. In plane sailing, the principal tefms and circum¬ 
stances made use of, are, course, distance, departure, dif¬ 
ference of latitude, rhumb, &c ; for as to longitudo, that 
1ms no place in plane sailing, but belongs properly to glo¬ 
bular or spherical sailing. The explanation of all which 
terms, are given under the respective articles. 

If a ship sails either due north or south, she sails on a 
meridian, her distance and difference of latitude are the 
same, and she makes no departure: but where the ship 
sails cither due cast or west, she runs on a parallel of lati- 
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tude, making no difference of latitude, and her departure 
and distance are the same. It may further be observed, 
that the departure and difference of latitude always make 
the logs of a right-angled triangle, whose hypothenuse is 
the distance the ship has sailed ; and the angles are the 
course, its complement, and the right angle; therefore, 
among these four things, course, distance, difference of 
latitude, and departure, any two of them being given, the 
rest may be found by plane trigono¬ 
metry. Thus, in the annexed figure, 
suppose the circle fiifh to repre¬ 
sent the horizon of the place a, from 
whence a ship sails ; ac the rhumb 
she sails upon, and c the place ar¬ 
rived at: then mi represents the pa¬ 
rallel of latitude she sailed from, and 
cc the parallel of the latitude arrived 
in: so that 



a r> becomes the dif. of lat. 

DC the departure, 
ac the distance sailed, 
jL vac is the course, and 
Z_ dca the comp, of the course. 

And all these particulars will be alike represented, whe¬ 
ther the ship sails in the ne, or nw, or se, or sw quarter 
of the horizon. 

From the same figure, in which , 

ab or af or ah represents the rad. of the tables, 

Eli the sine of the course, 
a n the cosine of the course, 

wc may easily deduce all the proportions or canons, aw 
they are usually called by mariners, that can arise in plane 
sailing; because the triangles adc and a be and a eg arc 
evidently similar. These proportions arc exhibited in the 
following table, which consists of 0* cases, according to the 
varieties of the two parts that can be given. 


Case. 

Given. 

Required. 

1 

Z. a and ac, 
i. c. course and 
distance. 

ad and dc, 
i. e. difference 
of latitude and 
departure. 

o 

Z.A and ad, 
i. e. course and 
difference of 
latitude. 

ac and DC, 
i. e. distance 
and departure. 

3 

Z.A and DC, 
i. c. course and 
departure. 

ac and ad, 
i. c. distance 
and difference 
of latitude. 

4 

ac and ad, 
i. c. distance 
and difference 
of latitude. 

zl a and dc, 
i. c. course and 
departure. 

5 

ac and dc, 
i. e. distance 
and departure. 

Z.A and ad, 
i. c. course and 
difference ofla- 
titude. 

6 

ad and DC, 
i. e. difference 
of latitude and 
departure. 

jLk and ac 
i. c. course and 
distance. 


Solutions. 


ae : ab : : ac : ad, i. e. 
rad. : s. course : : dist. : dif. lat. 
ae : eb 2 : ac : dc, i. c. 
rad.: cos. course :: dist. : depart. 


ab : ae : : ad : ac, i. e. 

cos. cour.: rad. : : dif. lat. : dist. 
ab : be : : ad : dc, i. c. 
cos. cour .: s.cour,:: dif. lat-:dep . 

be : ae : : dc : ac, i. c. 

s. cour. : rad. : : depart. : dist. 
bc : ab : : dc : ad, i. e. 

s. cour.:cos.cour.::dep.: dif.lat. 

ac : ad : : ae : ab, i. c. 

dist. : dif. lat.:: rad.: cos. course. 
ae : eb : : ac : dc, i. c. 
rad. : s. course : : dist. : depart. 


ac : dc : : ■ ae : eb, i. e. 
dist. : dep. : : rad. : s. course. 
ae : ab : : ac : ad, i. c. 
rad.: cos. cour. : : dist.: dif. lat. 


ad : dc : : af : fg, i. c. 
dif. lat.: dep.:: rad.: tang, course. 
be : ae : : dc •: ac, i. c. 
s. cour. : rati. : : dep. : distance. * 


For the ready working of any single course, there is a 
table, called a Traverse Table, usually tmnoxed to books 
of navigation; which is so contrived, that by finding the 
given course* in it, and a distance not exceeding 100 or 
120 miles, the usual extent of the table; then the differ¬ 
ence of latitude and the'departure are had by inspection. 
And the same table will serve for greater distances, by 
doubling, or trebling, or quadrupling, &c, or taking pro¬ 
portional parts. See Traverse Table. 

An ex. to the first case may suffice to show the method. 
Thus, a ship from the latitude 4-7° 30' n, has sailed sw 
by s 98 miles ; required the departure made, and the la¬ 
titude arrived in* 

1. By the Traverse Table . In the column of the course, 
viz, 3 points, against the distance 98, stands the number 
54-45 miles for the departure, and 81*5 miles for the diff. 
You II. 


of lat; which is 1° 21}'; and this being taken from the 
given, lat. 47° 30', leaves 46° S}' for the lat. come to. 

2. By Construction . Draw the meri¬ 
dian ad; and drawing an arc, with 
the chord of 60 , make pq or angle a 
equal to 3 points; through q draw the 
distance aqe = 98 miles, and through 
E the departure >:d perp. to ad. Then, 
by measuring, the diff. of lat. a d measures 
about 81} miles, and the depurturc de 
about 54} miles. 

3. By Computation . 

First, as radius ------ 10*00000 

to sin. course 33° 45' - - - 9 74474 

so dist. 98 . 1-99123 

to depart. 54 a 45 ----- 1*73597 

2 Y 
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Again, as radius - - - — 10*00000 
to cos. course ------ 9*91985 

so <list- J)S.1-99123 

to <litr. nf lat. 81-48 - - - l-yi 10S 

4. lit/ Gunter’s Scale. I he extent from radius or 8 
points, to 3 points, on the line ot sine rhumbs, applied to 
the line of numbers, will reach from <)8 to 54 £ the de¬ 
parture. And ttie extent from 8 points to 5 points, ol the 
rhumbs, reaches from 9,3 to 81 £ on the line of numbers, 
for the difference of latitude. 

And in like manner for other cases. 

Traverse Saili ng, or Compound Courses , is the uniting 
of several cases of plane sailing into one ; as when a ship 
sails in a zigzag manner, certain distances upon several 
different courses, to find the whole ditlcrcncc of latitude 
and departure made good on all of them. This is done by 
working all the cases separately, by means of the traverse 
table, and constructing the figure as in the following ex¬ 
ample. 

Ex. A ship sailing from a place in latitude 24° 32 # N, 
has run Jive different courses and distances, as set down in 
the 1st and 2d columns of the following traverse table; 
required her present latitude, with the departure, and the 
direct course and distance, between the place sailed from, 
and the place come to. 

Traverse Table . 



Here, by finding, in the general traverse table, the differ¬ 
ence of latitude and departure answering to each course 
and distance, they are set down on the same lines with 
each course, and in their proper columns of northing, 
southing, casting, or westing, according to the quarter of 
the compass the ship sails ill, at each course. As here, 
there is no northing, the differences of latitude arc all south¬ 
ward, also two departures are eastward, and three arc 
westward. Then, adding up the numbers in each column, 
the suin of the eastings appears to'be exactly equal to the 
sum of the westings, consequently the ship is arrived in 
the same meridian, without making any departure; and 
the southings, or difference of latitude being 149*2 miles or 
minutes, 1 

that is.2° 29*> 

which taken from - - - - 24 32, 
the latitude dep. from, 

leaves - ---- 22 3 k, 

the latitude come to. 

To Construct this Traverse . With 
the chord of 60 degrees describe 
the circle n s &c, and quarter it by 
the two perpendicular diameters; 

,then from b vet upon it the several 
courses, to the points marked l, 2, 

3, 4, 5, through which points draw 
lines from the centre a, or conceive 
them to be drawn; lastly, upon the 
first line lay off the first distance 45 




from a to b, also draw bc = 50 and parallel to a 3, 
and i d = 30 parallel to a 3, and de = GO parallel to 
a 4, and El — 03, parallel to a 5; then it is found that 
the point i lulls exactly on the meridian naf produced, 
thereby showing that there is no departure ; and by mea¬ 
suring ai\ it gives 14$ miles for the difference of latitude. 

Oblique Sailing, is the resolution of certain cases and 
problems in sailing by oblique triangles, or in which ob¬ 
lique triangles are concerned. In this kind of sailing, it 
may be observed, that to set an object , means to observe 
what rhumb or point ot the nautical compass is directed 
to it. And the bearing of an object is the rhumb on which 
it is seen ; also the bearing ot one place from another, is 
reckoned by the name of the rhumb passing through those 
two places. 

In every figure relating to any case of plane sailing, the 
bearing of a line, not running from the centre of the circle 
or horizon, is found by drawing a line parallel to it, from 
the centre, and towards the same quarter. 

Ex. A ship sailing at sea, observed a point of land to 
bear e by s; and then after sailing ne 12 miles, its bear¬ 
ing was found to be sp. by e. Required the place of that 
pomt, and its distance from the ship at the last observa¬ 
tion. 


N 



Construction . Draw the meridian line kas, and, as¬ 
suming a for the first place of the ship, draw ac the E by s 
rhumb, and ab the ne one, upon which lay off 12 miles 
from a to d ; then draw the meridian bt parallel to ns, 
from which set off the se by E point* bc, and the point c 
will bc the place of the land required ; then tire distance 
bc measures 26 miles. v 

Or thus, describe the circle 
nes &c, and draw ns and ae 
cutting each other at right 
angles in the centre a; which is 
supposed to bc the place of the 
ship. Draw also ab the N e line* 
a l the e by s, and a 3, the se 
by Eline. TukeAB = 12, and 
draw bc parallel to a 3, then 
produce a 1 till it cuts bc in c, 
so shall c bc the point of land, which measures 2 6 miles 
as above. 

By Computation. Here are given the side AB, and the 
two angles a and b, via, the Z*A = 5 points or 56° 15, 

and the Z.H = 9 points or 101° 15'; consequently tho 

Z.c = 2 points or 22° 3O'. Then, by plane trigonome¬ 
try, 

As sin. Z.C 2*z° 30 # - - - - 9*58284 

To sin. jL'b 56 15 - • - - 99*98$ 
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So is AR 12 miles --1*07918 

To bc 26*073 miles - - - - 1*41 6 19 

Sailing to Windward * is working the ship towards that 
quarter of the compass from which the wind blows. 

For rightly understanding this part of navigation, it will 
be necessary to explain the terms that occur in it, though 
most of them may be seen in their proper places in this 
work. When the wind is directly, or partly, against a 
ship’s direct course for the place she is bound to, she 
leaches her port by a kind of zigzag or z like course ; 
which is made by sailing with the wind first on one quar¬ 
ter, and then on the other. 

In a ship, when you look towards the head. 

Starboard denotes the right hand side ; 

Larboard, the left hand side; 

Forwards, or afore, is towards the head ; 

Aft, or abaft, is towards the stern. The Beam means 
athwart or across the middle of the ship. 

When a ship sails the same way that the wind blows, 
she is said to sail or run before the wind ; and the wind 
is said to be right aft, or right astern; and her course is 
then l6 points, or the farthest possible, from the wind, 
that is, from the point the wind blows from.—When the 
ship sails with the wind blowing directly across her, she 
is said to have the wind on the beam ; and her course is 
8 points from the wind.—When the wind blows obliquely 
across the ship, the wind is said to be abaft the beam 
when it pursues her, or blows more on the hinder part, 
but before the beam when it meets or opposes her course, 
her course being more than 8 points from the wind in the 
former case, but less than 8 points in tbc latter case.— 
When a ship endeavours to sail towards that point of the 
compass from which the wind blows, she is said to sail on 
a wind, or to ply to windward.—And a vessel sailing as 
near as she can to the point from which the wind blows, 
is said to be close hauled. Most ships will lie within 
about 6 points of the wind; but sloops, and some other 
vessels, will lie much nearer. To know how near the 
wind a ship will lie ; observe the course 6hc goes on each 
tack, when she is close hauled ; then half the number of 
points between the two courses, will show how near the 
wind the ship will lie. 

The windward, or weather side, is that side of the ship 
on which the wind blows; and the other side is called the 
leeward, or lee-side.—Tacks and sheets are large ropes 
fastened to the lower corners of the fore and main sails; 
by which cither of these corners is hauled fore or aft.— 
When a ship sails on a wind, the windward tacks arc al¬ 
ways hauled forwards, and the lCcward sheets aft.— The 
starboard tacks are aboard, when the starboard side is to 
windward, and the larboard side to leeward. And the 
larboard tacks are aboard, when the larboard side is to 
windward, and the starboard to leeward. 

The most common cases in turning to windward may 
bc constructed by the following precepts. Having drawn 
a circle with the chord of 0*0°, to represent the horizon 
of the place, quarter it by drawing the meridian and 
parallel of latitude perpendicular to each other, and both 
through the centre; mark the place of the wind in the 
circumference; draw the rhumb passing through the 
place bound to, and lay on it, from the centre, the dis¬ 
tance of that place. Oil each side of the wind lay off, 
in the circumference, the points or degrees showing how 
near the wind the ship can lie; and draw these rhumbs. 


Now the first course will bc on one of these rhumbs, ac¬ 
cording to the tack the ship leads with. Draw a line 
through the place bound to, parallel to the other rhumb, 
and meeting the first ; and this will show the course and 
distance on the other tack. 


Ex. The wind being at north, and a ship bound to a 
port 25 miles directly to windward ; beginning with the 
starboard tacks, what must be the course and distance on 
each of two tacks to reach the port ? 

Obstruction. Having drawn the circle Ac, as above 
described, where a is the port, av and aq the two 
rhumbs, each within 6 points of 
an ; in na produced take Alt = 

25 miles, then b is the place of 
the ship ; draw bc parallel to a p, 
and meeting qa produced in c; 
so shall bc and ca he the distances 
on I lie two tacks ; the former being 
wnw, and the latter ene. 

Computation. 

Here Z.B = nap = 
and 4 a = xaq = 
theref. Z.C — 4 points. 

So that all the angles are given, and the side ab, to find 
the other two sides ac and bc, which arc equal to each 
other, because their opposite angles a and b are equal. 
Hence, as sin. c : ab : : sin. a : bc, 

i. c. s. 45° : 25 :: s. 6'7° 30' : 32? = bc or ac, the 
distance to be run on each tack. 



6 points, 

6 poiuts. 


Sailing in Currents , is the method of determining the 
true course and distance of a ship when her own motion 
is affected and combined with that of a current. 

A current or tide is a progressive motion of the water, 
causing all floating bodies to move that way towards 
which the stream is directed.—The setting of a tide, or 
current, is that point of the compass towards which the 
waters run ; and the drift of the current is the rate at 
which it runs per hour. 

The drift and setting of the most remarkable tides and 


currents, are pretty well known ; but for unknown cur¬ 
rents, the usual way to find the drift and setting, is thus : 
Let three or four men take a boat a little way from the 
ship; and by a rope, fastened to the boat's stem, let down 
a heavy iron pot, or loaded kettle, into the'sea, to the 
depth of 80 or 100 fathoms, when it can be done : by 
which means the boat will ride almost as steady as at an¬ 
chor. Then heave the log, and the number of knots run 
out in half a minute will give the rate of the current, or 
the miles which it runs per hour; and the bearing of the 
log shows the setting of the current. 

A body moving in a current, may be considered in three 
cases: viz. 


1. Moving with the current, or the same way it sets. 

2. Moving against it, or the contrary way it sets. 

3. Moving obliquely to the current’s motion. 

In the 1st case, or when a ship sails with a current, its 
velocity will be equal to the sum of its proper motion, 
and the current’s drift. But in the 2d case, or when a 
ship sails against a current, its velocity will becqualto the 
difference of her own motion and the drift of the current: 
so that if the current drives stronger than the wind, the 
ship will drive astern, or lose way. In flic 3d case, when 
the current sets oblique to the course of the ship, her real 
course, or that made good, will bc somewhere between 
that in which the ship endeavours to go. and the dircctiou 
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of the current; and indeed it will always be alone the ; 
diagonal of a paiullclogram, of which one side repre- 
sei/is the ship’s course set, and the other adjoining side 
the i~u Trent's drift. 

ix i a b be the direction of the wind, or the direction of 
the vessel when acted on by wind only, ^ ^ 

and a . n the distance tlie ship would j 

run *Jn any given time, by the action / \ / 

of t,4)is force; also let ac be the di- / N. / 
nation of the current, and the dis- / / 

tyfince the ship would be carried, in /_' 

j/.be same time as above, by this force c 
only. Draw bi> parallel to ac, and CD parallel to ad, 
meet ins no in i>, and join ad; then will ad represent 
the real course of the vessel when acted on by those 
two forces conjointly. For the wind neither accelerates 
nor retards the motion of the ship towards the line co, the 
current therefore will bring her there in the same time as 
if the wind did not act. And in the same manner, the 
current will have no effect on the motion of the ship in 
the direction ad, the wind therefore will bring her to 
the line on in the same time as if the current did not act. 
Therefore the ship at the end of that time, will he found 
in both those lines, that is, in their point of meeting n. 
Consequently the ship must have passed frogi a to d ill 
the diagonal ad. 

Hence, drawing the rhumbs for the proper course of 
the ship and of the current, and setting the distances off 
upon them, according to the quantity run by each in the 
given time; then forming a parallelogram of these two, 
and drawing its diagonal, this will be, the real course and 
distance made good by the ship. 

Ex. 1. A ship sails k. 5 miles an hour, in a tide setting 
the same way 4 miles an hour : required the ships course, 
and the distance made good. 

The ship's motion is 5m. e. 

The current's motion is 4in, e. 

Thcrcf. the ship's run is J)m. c. 

Ex. 2. A ship sails ssw. with a brisk gale, at the rate 
of 9 miles an hour, in a current setting nne. 2 miles an 
hour : required the ship’s course, and the distance made 


articles RilUM Mercator's Cli a RT, and Mem dion A* 

Paris; which sic. 

Globular Sailing, in the extensive sense here applied 
to ttie term, comprehends Parallel Sailing, Middle-lati¬ 
tude Sailing, and Mercator’s Sailing; to which may bo 
added Circular Sailing, or Great-circle Sailing. Of each 
of which it may be proper to give a brief account in this 
place. 

Parallel Sailing is the art of finding what distance 
a slop should run due east or west, in sailing from the 
meridian of one place to that of another, in any parallel 
of latitude. 

The computations in parallel sailing depend on the- 
following rule : 

As radius, 

To cosine of the lat. of any parallel; 

So are the miles of long, between any two meridians, 

To the dist. of these mcridiaift in that parallel. 

Also, lor any two latitudes, 

As the cosine of one latitude. 

Is to the cosine of another latitude ; 

So is a given meridional dist. in the 1st parallel, 

To the like meridional dist. in the 2d parallel. 

He nec, counting 60 nautical miles to each degree of 
longitude, or on the equator ; then, by the first rule the 
number of miles in each degree on the other parallels, 
will be found as in the following table. 


good. 


The ship’s motion is ssw. 9m. 
The current’s motion is nnf.. '2m. 


Table qf Meridional Distances. 


Thcrcf. ship’s true run is ssw. 7m. 

Ex. 3. A ship running south at the rate of 5 miles an 
hour, in 10 hours crosses a current, which all that time 
was setting east at the rate of 3 miles an hour; required 
the ship’s true course and distance sailed. 

Here the ship is first supposed to be . 
at a, her imaginary course is along the v 
line ab, which is drawn south, and equal \ 
to 50 miles, the run in 10 hours; then \ 
draw bc east, and equal to 30 miles, the \ 

run of the current in 10 hours. Then \ 

the ship is found at c, and her true path \ 

is in the line ac = 58-31 her distance, \ 

and her course is the angle at a = 30° 5-^ 

58' from the south towards the east. 

Globular Sailing is the estimating the ship’s motion 
and run on principles derived from the ‘globular figure of 
the earth, viz, her course, distance, and difference of lati¬ 
tude and longitude. 

The principles of this method arc explained under the 


L»t. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Mile*. 

5909 

5996' 

5992 

59-85 
59.77 
59 6/ 

59‘56 

59'42 

59*26 

5909 

58-89 

58-69 

58-46 

58-22 

57 95 

57 67 

57 38 

57*06 

56-73 

56*38 

5601 

55*63 

55*23 

54*81 

54*38 

53 93 

53*4() 

52*97 

52*47 

51*96 


L*f. 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


Mile. 

51-43 

50 88 

50-32 

4974 

49-15 

48-54 

4792 

47*28 

46*63 

45 96 

45-28 

44 59 

43-88 

43 16 

42 43 

41-68 

40 92 

40-15 

3936 

38-57 

3776 

3694 

36*11 

35-27 

34 41 

33*55 
32 68 

31*79 

30*90 

30*00 


Lat. 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

‘ 90 


Miles. 

2909 

2817 

2724 
26-30 
25*36 
24*41 
23*44 
2248* 
21*50 
20 52 
19'53 
1854 
17’54 
1654 
15'53 
14 61 
13*50 
12*48 
11*45 
10-42 
938 
835 
732 
6*28 
523 
418 
3 14 
2*09 
1*05 
000 


See another table of this kind, allowing <?9 tt English 
miles to one degree, under the article Degree. 

To find the meridional distance to any number of mi- 


S A 1 


S A 1 


t 3-*9 ] 


nutes between any of the whole decrees in the table, as 
for instance in the parallel of 4S° 26'; takeout the ta¬ 
bular distances for the two whole degrees between which 
the parallel or the odd minutes lie, as for 48' and 49° ; 
subtract the one from the other, and take the proportional 
part of the remainder for the odd minutes, by multiply¬ 
ing it by those minutes, and dividing by 60 ; and lastly, 
subtract this proportional part from the greater tabular 
number. Thus, 

Lat. 48° - - 40 15 

Lat. 49. - - 39*36 

As 6<y : 26" : ; 0 70 rein. : 0-34 

26 

474 

158 

60 ) 20*54 

0*34 pro. part 

Taken from - - 40*15 for lat. 48° 

Leaves merid. dist. 39*8 i for lat. 48° 2 6 '. 

And, in like manner, by the counter operation, to find 
what latitude answers to a given rnt ridional distance. As, 
for ex. in what latitude 46*08 miles answer to a degree of 
longitude. 

From 46*63 for 39° I from 46*63 for 39° 

Take 45*96 for 40° | take 46*08 given number. 

Then us 0*67 : 60 ' ; : 0 55 : 49* 

60 

67) 3300 

49 f pro. part. 

Therefore the latitude sought is 39° 49'. 

Ex. 3. Given the latitude and meridional distance; to 
find the corresponding difference of longitude. As, if a 
ship, in latitude 53 c 36', and longitude 10° 18'east, sail 
due west 236 miles; required her present longitude. 

Here, by the first rule, 

As cos. lat. 53° 36' comp. 0*22664 
To radius - 90 00 - - 10*00000 
So mcrid*dist. 236 m. - 2*37291. 

To cliff, long. 397'7 - - 2*5.9955 

Its 60th gives 6° 38'w. diff. long. 

Taken from 10 18 e. long, from 

Leaves - - 3 40 e. long, corpc to. 

By the table ; the length of a degree on the parallel of 
53” 36' is 35*6. 

Then as 35 6 : 60 : : 236 : 3 97 7, the diff. of long, the 
same as before. 

Muldle-latilude Sailing* is a method of resolving the 
cases of globular sailing by means of the middle latitude 
between the latitude departed from, and that conic to. 
This method is not quite accurate, being only an ap¬ 
proximation to the truth, and it makes use of the princi¬ 
ples of plane sailing and parallel sailing conjointly. 

The method is founded on the supposition that the de¬ 
parture is reckoned as a meridional distance in that lati¬ 
tude which is a injddlc purallcl between the latitude 
sailed from, and that arrived ^at. But the method is not 
quite accurate, because the aritbmoticai mean, or half 
sum of the cosines of two distant latitudes, is not exactly 
the cosine of the middle latitude, or half the sum of those 
latitudes ; nor is the departure between two places, on an 
oblique rhumb, equal to the meridional distance in the 
middle latitude; as is presumed in this method. Yet 


when the parallels are near the equator, or near to each 
other, in any latitude, the error is not considerable. 

This method seems to have been invented on account 
of the easy manner in which the seve ral cases may be re¬ 
solved by the traverse table, and when a table of meri¬ 
dional parts is wanting. 1 he computations depend on 
the following rules : 

1. Take* half the sum, or the arithmetical mean, of the 
two given latitudes, for the middle latitude. Then, 

2. As cosine of middle latitude, 

Is to the radius; 

So is the departure, 

To tlie diff. of longitude. And, 

3. As cosine of middle latitude, 

Is to the tangent of the course ; 

So i^ the difference of latitude, 

To the ditk-rcncc of longitude. 

Mercator s Sailing, is the art of resolving the several 
cases of globular sailing, by plane trigonometry, with tho 
assistance of a table of meridional parts, or of logarithmic 
tangents. And the computations are performed by the 
following rules : 

1. As meridional diff. lat. 

To diff. of longitude ; 

So is the radius, 

To tangent of the course. 

2. As the proper diff. lat. 

To the departure; 

So is merid. diff. lat. 

To diff. of longitude. 

3. As dill. log. tang, half eolatitudes. 

To lung, of 51 38' OJ)" ; 

So is a given diff. longitude, 

To tangent of the course. 

The manner of working with the meridional parts and 
logarithmic tangents, will appear from the two following 
cases. 

1. Given the latitudes of two places; to And their me¬ 
ridional difference of latitude. 

By the Merid . Parts. When the places arc both on 
the same side of the equator, take the difference of the 
meridional parts answering to each latitude; but when 
the places are on opposite sides of the equator, take the 
sum of the same parts, for the meridional difference of 
latitude sought. 

By the Log. Tangents. In the former case, take the dif¬ 
ference of the log. tangents of the half colatitudcs ; but in 
the latter case, take the sura of the same; then the said 
difference or sum divided by 12*63, will give the meri¬ 
dional difference of latitude sought. 

2. Given the latitude of one place, and the meridional 
difference of latitude between that and another place; to 
find the latitude of this latter place. 

By the Merid. Parts. When the places have like names, 
that is both north or both south, take the sum of the merid. 
parts of the given lat. and the given diff.; but take the 
difference between the same when they have unlike names; 
then the result, being found in the table of meiidional 
parts, will give the latitude sought. 

By the Log. Tangents. Multiply the given meridional 
diff. of lat.’ by 12*63; then in the former case subtract 
the product from the log. tangent of the given half coluti- 
tude, but in the latter case add them; then seek the de¬ 
grees and minutes answering to the result uimiug the log. 
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tangents, and these degrees, Ac. doubled, will be the co¬ 
latitude sought. 

Circular Sailino, or Great-circle Sailing, is the art 
of finding what places a ship must go through, and what 
courses to steer, that her track may be in the arc of a 
treat circle on the globe, or nearly so, passing through 
the place sailed from and the place bound to. 

This method of sailing has been proposed, because the 
shortest distance between two places on the sphere, is an 
arc of a great circle intercepted between them, and not 
the spiral rhumb passing through them, unless when that 
rhumb coincides with a great circle, which can only he 
on a meridian, or on the equator. 

The solutions of the cases in Mercator's sailing arc 
performed by plane triangles, but in great-circle sailing 
they arc resolved by means of spherical triangles. A 
great variety of cases might be here proposed, but those 
that are the most useful, and more commonly occur, per¬ 
tain to the following problem. 

Problem I. Given the latitudes and longitudes of two 
places on the earth ; to find their nearest distance on the 
surface, together with the angles of position from either 
place to the other. 

This problem comprehends C cases. 

C<ise I. When the two places lie under the same meri¬ 
dian ; then their difference of latitude will give their dis¬ 
tance, and the position of one from the other will be di¬ 
rectly north and south. 

Case 2. When the two places lie under the equator; 
their distance is equal to their difference of longitude, and 
the angle of position is a right angle, or the course from 
one to the other is due cast or west. 

Case 3. When both places arc in the same parallel of 
latitude. Ex.gr. The places both in 37 J north,'but 
the longitude of the one 25° west, and of the other 
23' west. 

Let P denote the north pole, and 
places on the same parallel bda, also 
niA their distance asunder, or the 
arc of a great circle passing through 
them. Then is the angle a or u 
that of position, and the angle dp a 
= 51° 23' the difference of longi¬ 
tude, and the side pa or pd = 53° 
the colatitude. 

Draw pi perp. to ad, or bisect¬ 
ing the angle at P. Then in the triangle 
angled at i, arc given the hypothenusc ap = 53 , 
angle apt = 25° 41' 30"; to find the angle of p 
or d=73° 51'; and the half distance 


a and n the two 





api, right- 
and the 
position a 
a i = 20° 15'i; 

«/. At — f w • | »••• — - • — - - — -- * w 

this doubled gives 40° 3l' for the whole distance ad, or 
2431 nautical miles, which is 31 miles less than the dis¬ 
tance along add, or by parallel sailing. 

Case 4. When one place has latitude, and the other 
has none, or is under the equator. For example, sup¬ 
pose the Island of St. Thomas, lat. 0°, and long. 1 0 
cast, and Port St. Julian, in lat. 48° 51* south, and long. 
65° 1 Cf west. 

Port St. Julian, lat. 48° 51' s. - long. 63° 10 w. 
Isle St. Thomas - 0 00 - 1 00 E - 

Julian’s colat. - 41 09 Diff. long. 60 10 
Hence, if 8 denote the south pole, a the Isle St. Tho¬ 
mas at the equator, and n St. Julian ; then in the triunglo 
arc given sa a quadrant or 90°, bs = 41° 9* the colat. of 
St. Julian, and the JLh = 66° 10' the dif. of longitude j 


to find ab = 74° 35' = 4475 miles, 
which is less by 57 miles than th 
distance found by Mercator's sailing; 
also the angle of position at a = 51 
22*, and the angle of position b = 

108° 24. 

Case 5. When the two given places 
are both on the same side of the equa¬ 
tor ; for example the Lizard, and the 
island of Bermudas. 

The Lizard, lat. 49° 57' x. - long. 5° 21'w. 

Bermudas, 32 35 N. - - 63 32 w r. 

58 11 

Here, if p be the north pole, L the Lizard, and B Ber¬ 
mudas ; there arc given, 
pi. = 40°03' colat. of the Lizard, 
ru = 57 25 colat. of Bermudas, 

= 58 11 ditf. of longitude; to 
find bi. = 45° 44' = 2744 miles the 
distance, and 

Z. of position B = 49° 27*, also 
Z. of position L = 90° 31'. 

Case 6. When the places lie on different sides of the 
equutor; as suppose St. Helena and Bermudas. Here 
pu = 57° 25 polar dist. Bermudas, 
pn = 105 55 polar dist. St. Helena, 

Z. P = 57 43 diff. long. 

To find Bit = 73° 26' = 4406 miles, 
the distance, also the angle of position 
ii = 48° O', and the angle of position 
b = 121° 59'. 

From the solutions of the foregoing 
cases it appears, that to sail on the arc 
of a great circle, the ship must conti¬ 
nually alter her course; but os this is a difficulty too 
great to be admitted into the practice of navigation, it 
has been thought sufficiently exact to employ a kind of 
approximation, that is, by a method which nearly ap¬ 
proaches to the sailing on a great circle: namely, on this 
principle, that in small arcs, the difference between the 
arc and its chord or tangent is so small, that they may be 
taken for each other in any nautical operations: and ac¬ 
cordingly it is supposed that the great circles on the earth 
arc made up of short right lines, each of which is a seg¬ 
ment of a rhumb line. On this supposition the solution 
of the following problem is deduced. . 

Problem II. Having given the latitudes and longitudes 
of the places sailed from and bound to; to find the suc- 
ccssivc latitudes on the arc of a great circle in those 
places where the alteration in longitude shall be a given 
quantity; together with the courses and distances between 

those places. . , 

, 1. Find the angle of position at each place, and tneir 

distance, by one of the preceding cases. 

2. Find the greatest latitude the great circle runs 
through, i. c. find the perpendicular from the pole to that 
circle ; and also find the several angles at the pole, made 
by the given alterations of longitude between this perpen¬ 
dicular and the successive meridians come to. 

3. With this perpendicular and the polar angles seve¬ 
rally, find as many corresponding latitudes, by saying, as 
radius : tang, greatest lat. :: cos. 1st polar angle : tang.- 
1st lat. : : cos. 2d polar angle : tang, of 2d lat. &c. 

4. Having now the several latitudes passed through, and 
the difference of longitude between each, then by Merca- 
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tor’s sailing find the courses and distances between those 
latitudes. And these arc the several courses and distances 
the ship must run, to keep nearly on the arc of a "real 
circle. 3 

1 he smaller the alterations in longitude are taken, the 
nearer will this method approach to the truth ; but it is 
sufficient to compute to every 5 degrees of difference of 
longitude; as the length of an arc of 5 degrees differs 
from its chord, or tangent, only by 0 002. 

The track of a ship, when thu> directed nearly in the 
arc of a great circle, may be delineated on the Merca¬ 
tor’s chart, by marking on it, by means of the latitudes 
and longitudes, the successive places where the ship is to 
alter her coui^c; then those places or points, being joined 
by right lines, will show the path along which the ship is 
to sail, under the proposed circumstances.—On the sub¬ 
ject of these articles, see Robertson’s Elements of Navi¬ 
gation, vol. 2. 

Spheroidical Sailing, is computing the cases of navi¬ 
gation on the supposition or principles of the spheroidical 
figure of the earth. See Robertson's Navigation, vol. 2, 
b. 8, sect. 8. 

Sailing, in a more confined sense , is-the art of conduct¬ 
ing a ship from place to place, by the working or handling 
of her sails and rudder.—To bring sailing to certain rules, 
•M- Rcnau computes the force of the water, against the 
ship's -rudder, stem, and side; and the force of the wind 
against her sails. In order to this, he first considers all 
fluid bodies, such as the air, water, &c, to be compos'd 
of little particles, which when they act upon any surface, 
all move parallel to one another, or strike against the 
surface after the same manner. Secondly, that the mo¬ 
tion of any body, with regard to the surface it strikes, 
must be either perpendicular, parallel, or oblique. From 
these principles he computes, that the force of the air or 
water, striking perpendicularly upon a sail or rudder, is 
to the force of the same striking obliquely, in the dupli¬ 
cate ratio of radius to the sine of the angle of incidence: 
anil consequently that all oblique forces of the wind 
against the sails, or of the water against the rudder, will 
be to each other in the duplicate ratio of the sines of the 
angles of incidence.—Such are the conclusions from 
theory ; but it is very different in real practice, or expe¬ 
riments, as appears from the tables inserted in the article 
Resistance. 

Further, when the different degrees of velocity arc con¬ 
sidered, it is also found that the forces arc as the squares 
of the velocities of the moving air or water nearly; that 
is, a wind that blows twice as swift, as another, will act 
with 4 times the force upon the sail ; and when 3 times ns 
swift, 9 times the force, &c. And it being also indiffe¬ 
rent, whether we consider the motion of a solid in a 
fluid at rest, or of the fluid against the solid at rest; 
therefore, the reciprocal impressions being always the 
same, if a solid be moved with different velocities in 
the same fluid matter, as water, the different resistances 
which it will receive from that water, will be in the 
same proportion as the squares of the velocities of the 
moving body. 

He then applies these principles to the motions of a 
ship, both forwards and sideways, through the water, 
when the wind, with certain velocities, strikes the sails in 
various positions. After which, the author proceeds to 
demonstrate, that the best position or situation of a ship, 
so that she may make the least Ice-way, or side motion, 
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but go to windward as much as possible, is this: that, 
let the sail have what situation it will, the ship must be 
always in a line bisecting the complement of the wind’s 
angle of incidence on the sail. I hat 
is, supposing the sail in the position 
nc, and the wind blowing Ire in \ 
to b, and consequently the angle of 
the wind’s incidence on the sail is 
ABC, the compliment of which is 
cbe: then must the ship be put in 
the position bk, oi move in the line 
bl, bisecting the z. c be. 

He shows further, that the angle which the sail ought 
to make with the wind, i. e. the angle a dc, ought to be 
but 24 degrees; that being the'most advantageous situa¬ 
tion for working to windward. 

'1 o this might be added many curious particulars from 
Rorclli de Vi IVrcussioni", concerning the dilTcient direc¬ 
tions given to a vessel by the rudder, when sailing with a 
wind, or floating without sails in a current : in the former 
case, the* head of the ship always coming to the rudder, 
and in the latter always flying off from it; as also from 
Euler, liougucr, and Juan, who have all written learnedly 
on this subject. 

SAL1AN I’, in Fortification, is said of an angle that 
projects its point outwards; in opposition to a re-enter- 
ing angle, which has its point turned inwards. Instances 
of both kinds of these occur in tcnaillcs and star-works. 

SALON, or Saloon, in Architecture, a grand, lofty, 
spacious kind of hall, vaulted at top, and usually com¬ 
prehending two stories, with two ranges of windows : and 
inay be either square, round, oval, or octagonal. 

SAP, or Sapp, in Building, as to sap a wall, &c, is to 
dig out the ground from beneath it, so as to bring it 
down all at once for want of support. 

Sap, in the Military Art, denotes a work carried on 
under cover of gabions and fascines on the flank, and 
mantlets or stuffed gabions on the front, to gain the 
descent of' a ditch, or the like. It is performed by dig¬ 
ging a deep trench, descending by steps from top to bot¬ 
tom, under a corridor, carrying it as far as the bottom of 
the ditch, when that is dry; or as far as the surface of 
the water, when wet. 

SAROS, in Chronology, a period of 223 lunar months. 
’Flic etymology of the word is said to be Chaldean, signi- 
fying restitution, or return of eclipses ; that is, conjunc¬ 
tions of the sun and moon in nearly the same place of 
the ecliptic. The Saros was a cycle like to thut of 
Meto. 

SARRASIN, or Sauhazin, in Fortification, a kind of 
portcullis, otherwise called a herse, which is hung with 
ropes over the gate of a town or fortress, to be let fall 
in case of a surprise. 

SATELLITES, in Astronomy, are certain secondary 
planets, moving round the other planets, as the moon does 
round the earth. They are so called because always 
found attending them, from rising to setting, and making 
the tour about the sun together with them. The words 
moon and satellite are sometimes used indifferently : thus 
wc say, either Jupiter's moons, or Jupiter’s satellites; 
but usually we restrain the term moon to the earth’s 
attendant, and apply that of satellite to the little 
moons discovered about Jupiter, Saturn, and Uranus, by 
the assistance of the telescope, which is necessary to ren¬ 
der them visible. 
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The satellites move about their primary planets, as a cen¬ 
tre, by the same laws as. those primary ones do round their 
centre the sun ; viz, in such a manner that, in the satel¬ 
lites of the same planet, the squares of the periodic times 
are proportional to the cubes of their distances from the 
primary planet. For the physical cause ot their motions, 
see Gravity. See also Planets. 

We know not of any satellites besides those above 
mentioned; what other discoveries may be made by fur¬ 
ther improvements in telescopes, time only can bring to 
light. 

Satellites of Jupiter. There arc 4 little moons, or 
satellites now known to perform their evolutions about 
Jupiter, as that planet does about the sun. 

Simon Marius, mathematician of the elector of Bran¬ 
denburg, about the end of November 16'09, is said to 
have observed three little stars moving round Jupiter’s 
body, and proceeding along with him ; and in January 
16'10, he found a 4th. In January lO'lO Galileo also ob¬ 
served the same in Italy, and in the same year published 
his observations. And indeed Montucla gives the honour 
of the first discovery entirely to Galileo. These satellites 
were also observed in the same month of January 17 It), 
by Thomas Harriot, the celebrated author of a work on 
algebra, and who made constant observations ol them, 
from that time till the 26th of February 1612; as ap¬ 
pears by his curious astronomical papers, lately discover¬ 
ed by Dr. Zach, at the seat of the earl of Egrcniont, at 
Pctworth in Sussex. 

When Jupiter is in a line with any of his satellites and 
the sun, the satellite disappears, being then eclipsed, or 
involved in his shadow.—When the satellite goes behind 
the body of Jupiter, with respect to an observer on the 
earth, it is then said to be occulted, being hid from our 
sight by his body, whether in his shadow or not.—And 
when the satellite comes into a position between Jupiter 
and the sun, it casts a shadow upon the luce of that 
planet, which we see as an obscure round spot.—Lastly, 
when the satellite is m a line between Jupiter and us, it 
is said to transit the disc of the planet, upon which it 
appears as a round bluck spot. 

The periods or revolutions of Jupiter's satellites arc 
found out from their conjunctions with that planet ; after 
the same manner, as those of the primary planets arc 
discovered from their oppositions to the sun. And their 
distances from the body of Jupiter are measured by a 
micrometer, ami estimated in semidiameters of that planet, 
and thence in miles. By the latest and most exact ob¬ 
servations, the periodical times and distances of these sa¬ 
tellites, and the angles under which their orbits urc seen 
from the earth, at its mean distance from Jupiter, arc as 
below ; 


Satellites of Jupiter. 



. 
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Oibit. 
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Periodic Time. 
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2 

3 
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The eclipses of the satellites, especially of those of Ju¬ 
piter, are of very great use in astronomy. First, ill deter¬ 
mining pretty exactly the distance of Jupiter from the 


earth. A second advantage still more considerable, which 
is drawn from these eclipses, is the proof which they give 
of the progressive motion of light. It is demonstrated by 
these eclipses, that light does not coine to us in an instant, 
as the Cartesians pretended, though its motion is extreme¬ 
ly rapid. For if the motion of light were infinite, or came 
to us in an instant, it is evident that we should see the 
commencement of an eclipse of a satellite at the same 
moment,-at whatever distance we might be from it; but, 
on the contrary, if light move progressively, then it is as 
evident, that the farther we are from a planet, the later we 
shall be in seeing the moment of ifs eclipse, becnusc the 
light will take up a longer time in arriving at us; and so 
it is found in fact to happen, the eclipses ot these satellites 
appearing always later and later than the true computed 
times, as the earth removes farther and farther from the 
planet. When Jupiter and the earth are nearest to each 
other ; that is, when they arc in conjunction on the same 
side of the sun ; then the eclipses arc observed to happen 
about 7i minutes before the computed time for the mean 
distance ; and when those two planets arc at their greatest 
distance, being then in opposition, the eclipses happen 
about 7-r minutes after the time predicted by calculation. 
Now the difference between the least and greatest distance 
being equal to the diameter of the earth’s orbit, it therefore 
follows that light takes up a quarter of an hour in travel¬ 
ling across the orbit of the earth, or near 8 minutes in 
passing from the sun to the earth ; which gives about 12 
millions of miles per minute, or 200,000 miles per second', 
for the velocity of light. A discovery that was first made 
by M. Roomer. • 

The third and greatest advantage derived from the 
eclipses of Jupiter’s satellites, (and which was hinted at by 
Galileo on the first discovery of them,) is the knowledge 
of the longitudes of places on the earth. Suppose two ob¬ 
servers of an eclipse, the one, for example, at London, the 
other at the Canaries; it is certain that the eclipse will 
appear at the same moment to both observers ; but os they 
ore situated under different meridians, they count different 
hours, being perhaps 9 o’clock to the one, when it is only 
8 to the other; by which observations of tho true time of 
the eclipse, on communication, they find tho difference of 
their longitude to be one hour in time, which answers to 
15 degrees of longitude. 

To the above we may also add, that this discovery had 
a very considerable influence in eradicating the errors of 
the ancient astronomers, and consequently in firmly esta¬ 
blishing the Copernican system ; as a supporter of which, 
the venerable discoverer, Galileo, was, at this time, smart¬ 
ing under the recollection of the condemnation which had 
been passed upon him, by that most detestable of all ty¬ 
rannies, the inquisition. 

Satellites of Saturn, are 7 in number revolving about 
him. One of them, which till lately was reckoned the4th 
in order from Saturn, wus discovered by Huygens, the 
25th of March 1655, by means of a telescope 12 feet long, 
and the 1st, 2d, 3d, and 5th, at different times, by Cas¬ 
sini; viz, the 5th in October 1671, by a telescope of 17 
feet; the 3d in December 1672, by a telescope of Cam- 
pani’s, 35 feet long; and tho first and second in March 
1684, by help of Camponi's Glasses, of 100 and 136 feet. 
Finally, the 6th and 7th satellites have lately been disco¬ 
vered by Dr. Hcnchel, with his 40 feet reflecting telescope, 
viz, the 6th on the l<Rh of August 1787* and the 7th on 
the 17th of September 1788. These two he has called 
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the 6th and 7th satellites, though they arc neater to the 
planet Saturn than any of the former live, that the names 
or numbers of these might not be mistaken or confounded, 
with regard to former observations of them. 

Moreover, the great distance between the 4th and 5th 
satellite gave occasion to Huygens to suspect that there 
might be some intermediate one, or else that the 5th might 
have some other satellite moving round it, as its centre. 
Dr. Halley, in the Philos. Trans. (No. 145,) gives a cor¬ 
rection of the theory of the motions of the 4th or Huygc- 
nian satellite. Its true period he makes lid 22h 41 in 6s. 

The periodical revolutions, and distances of these satel¬ 
lites from the body of Saturn, expressed in semidiameters 
of that planet, and in miles, arc as follow. 

Satellites o/Saturn. 


Satellites. 
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Distances in 
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Orbit. 
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18 
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6 

18 

5 

79 
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54 
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4 
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1 
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1 

14 

7 

0 

22 37 30 

2* 
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0 
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The first four describe ellipses like to those of the ring, 
and are in the same plane. Their inclination to the eclip¬ 
tic is from 30 to 31 degrees. The 5th describes an orbit 
inclined from 17 to 18 degrees with the’orbit of Saturn ; 
his plane lying between the ecliptic and those of the other 
satellites, &c. Dr. Herscliel observes that the 5th satel¬ 
lite turns once round its axis exactly in the time in which 
it revolves about the planet Saturn; in which respect it 
resembles our moon, which does the same thing. And he 
makes the angle of its distance from Saturn, at bis mean 
distance, 17* 2 r . Philos. Trans. 1792, pa. 22. See a long 
account of observations of these satellites, with tables of 
their mean motions, by Dr. Hcrschcl, Philos.Trans. 1790, 
pa. 427 &c. 

Satellites of Hcrschcl , or Uranus , arc 6 little moons 
that revolve about him, like those of Jupiter and Saturn. 
These satellites were discovered by Dr. Hcrschcl, who 
gave an account of them in the Philos. Trans, from which 
it appears that their synodical periods, and angular dis¬ 
tances from their primary, arc as follow: 
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1 
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0 
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3 
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5 
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0 
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6 
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0 
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The orbits of these satellites are nearly perpendicular to 
the ecliptic, and contrary to the order of the signs. In 
magnitude they are probably not less than those of Jupi¬ 
ter. ‘ ' .»• * • 

Satellite of Venus . Cassini thought he saw one, and 
Mr. Short and other astronomers have suspected the same 
thing. (Hist, do l'Acad. 1741, Philos. Trans. No. 459-) 
But the many fruitless searches that have been since made 
VOL. II. 


to discover it, leave room to suspect that it has been only 
an optical illusion, formed by the glasses of telescopes ; at 
appears to be the opinion of F. Hell, at the end of hi* 
Epliemcris for 1766 , and Boscovich. in his 5th Optical 
Dissertation.—Neither has it been discovered that either 
ol the other planets have any satellites revolving about 
them. It is remarkable that our moon, and some of the 
other satellites, as far as they have been observed, keep 
always the same lace or side towards their respective pri¬ 
maries ; around which they appear to be moved as a stone 
is whirled round in a sling. 

SATURDAY, the 7th or last day of the week, so called, 
as supposed, from the idol Seater, worshipped on this day 
by the ancient Saxons, and thought to be the same as the 
Saturn of the Latins. In astronomy, every day of the 
week is denoted by some one of the planets, and this day 
is marked with the planet J? Saturn. Saturdsty answers 
to the Jewish sabbath. 

SATURN, one of the primary planets, being the 10th 
in order *of distance from the sun, and the outermost of 
all, except the planet Merschel, is marked with the cha¬ 
racter b i denoting an old man supporting himself with a 
staff, representing the ancient god Saturn. 

Saturn shines with but a feeble light, partly on account 
of his great distance, and partly from his dull red colour. 
This planet is perhaps one of the most engaging objects 
that astronomy offers to our view ; it is surrounded with 
a double ring, one without the other, and beyond these by 
7 satellites, most of them in theplane of the rings; the 
rings and planets being all dark and dense bodies, like 
Saturn himself, these bodies casting their shadows mu¬ 
tually upon each other; though the reflected light of the 
rings is usually brighter than that of the planet itself. 

Saturn has also certain obscure zones, or belts, appear¬ 
ing at times across his disc, like those of Jupiter, which 
arc changeable, and are probably obscurations in his at¬ 
mosphere. Dr. Hcrschcl, Philos.Trans. 1790, shows thut 
Saturn has a dense atmosphere; that he revolves about 
an axis, which is perpendicular to the plane of the rings ; 
that his figure is, like the other planets, the oblate sphe¬ 
roid, being flutted at the poles, the polar diameter being to 
the equatorial one as 10 to 11 ; that his ring has a motion 
of rotation in its own plane, its axis of motion being the 
same as that of Saturn himself, and its periodical time 
equal to 10b 32m 15s'4. Sec also Ri so, and Satellite. 

.Concerning the discovery of the ring and figure of Sa¬ 
turn, we find that Galileo first perceived that his figure 
is not round : but Huygens showed, in his Systema°Sa- 
turniana l659t that this was owing to the positions of his 
ring ; for his spheroidical form could only be seen by 
HerscheFs telescope ; though indeed Cassini, in an obser¬ 
vation made June 19 , 1 692 , saw the oval figuro of Sa¬ 
turn's shadow upon his ring. 

Mr. Bugge determines (Philos.Trans. JZ87, pa. 42) the 
heliocentric longitude of Saturn’s descending node to be 
9 s 21° 5 8 '|; and that the planet was in that node Au¬ 
gust 21 , 1784, at 18 h 20 ® 10* time, at Copenhagen. 

The annual period of Saturn about the sun, is 1075 Q 
days 7 hours, or almost 30 years; and his diameter is 
about 67000 miles, or near 81 times the diameter of thb 
earth; also his distance is about 9 * times that of the earth. 
Hcncc some have concluded that his light and heat arc 
entirely unfit for rational inhabitants. But that their light 
is not so weak as wc imagine, is evident from its bright- 
ness in the night-time. Beside*, allowing the sun’s light 
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eo I>o 45000 times as strong, with respect to its, ns the light more lands for the same use. He also furnished a library 


the moon when lull, the sun will afford 500 times as 
much light to Saturn as the full moon docs to us, and l 6 t )0 
times as much to Jupiter. So that these two planets, 
even without any moon, would be much more enlightened 
than we at hist imagine ; ami by having so many, they 
may be wry comfortable places ot residence, ’lheir beat, 
so far as it depends on the force of the sun's rays, is cer¬ 
tainly much Icns than ours ; to which no doubt the bodies 
of tin ir inhabitants are as well adapted as ours are to the 
seasons we enjoy. Ami if it be considered that Jupiter 
never has any winter, even ot his poles, which probably is 
also the case with Saturn, the cold cannot be so intense on 
these two planets as is generally imagined. To this may 
be added, that there may be something in the nature of. 
their soil warmer than in that of our earth ; and we find 
that all our heat does not depend on the rays of the sun ; 
for if it did, we should always have the same months 
equally hot or cold at their annual return, which is very 
far from being the case. ’ # • • 

• Sec the articles Planet, Period, Ring, Satellite. 

SAUCISSE, in Artillery, a long train of powder in¬ 
closed in a roll or pipe of pitched cloth, and sometimes of 
leather, about 2 inches in diameter ; serving to set fire to 
mines or caissons. It is usually placed in a wooden pipe, 
called nn auget, to prevent its growing damp. 

Sai/Cissok, in Fortification, a kind of faggot, made of 
thick branches of trees, or of the trunks of shrubs, bound 
together, for the purpose of covering the men, and to serve 
ascpauleincnts ; and also to repair breaches, stop passages, 
■make truversesover a wet ditch, &c. The saucisson differs 
from the fascine, which is only made of^mall branches; 
and by its being bound at both ends, and in the middle, 
u SAVILLE (Sir Henry), ’a very learned Englishman, 
the second son of Henry Saville, esq. was born at Bradley, 
near Halifax, in* Yorkshire, November the 30th, 1649* 
flciwas entered of Mcrton-collcge, Oxford, ill 156*1, where 
lie took the degree b. a., and was chosen fellow. He 
becamo master of arts in 1570, having read for that de¬ 
gree on the Almagest of Ptolemy, which procured him the 
reputation of a man 'eminently skilled in mathematics and 
the’ Greek language; in the former 'of which he gratui¬ 
tously read a public lecture in the university for some 
time. 1 

in 1578 he travelled into France arid other countries* 
where, diligently improving himself iri all useful learning, 
m languages, and the knowledge of the world, he'became 
o most accomplished gentleman. At his return, he tvafc 
made tutor in the Greek tooguc to queen Elizabeth, who 
bad a great esteem for him. 

In 1585 lie was made warden of Morion-college, which 
he governed six-anri-thirty years With great honour, and 
improved it by all the means in his power.—In 15p6he 
was chosen provost of Eton-collcgo; which he filled with 
many learned men.—James the hirst* on his accession to 
the crown of England, expressed a gteat regard for him* 
and would have preferred liim either in church or state ; 
(but Saville declined these :offirs, and only accepted the 
ceremony of knighthood from the king at Windsor in 1604. 
'His only son Henry dying about that timo> he thchoeforih 
-devoted his fortune to the promoting of learning. Among 
other things, in 10 19 , he founded, rin the university ofOx- 
tforcl,:t\vo fcecturos, or professorships, one in geometry, 
-the other in astronomy which he endowed with a sulary 
’AxfUidl.iayoiyreacb, besides a legacy of 6 © 0 l; to purchase 


with mathematical books near the mathematical school, 
for the use of his protestors ; and gave 1001 . to the ma¬ 
thematical chest ot his own appointing: adding afterwards 
a legacy of 401. a jear to the same chest, to the univer¬ 
sity, and to his professors jointly. He likewise gave 1201. 
towards the new building ot the schools, besides several 
rare manuscripts and punted books to the Bodleian libra¬ 
ry; and a good quantity of Greek types to the printing- 
press at Oxford. 

After a life thus spent in the encouragement and pro* 
motion of science and literature in general, lie .died at 
Eton-collegc the 19 th of February 1622, in the 73d year 
of his age, and was buried in the chn)K*l there. On this 
occasion, the university of Oxford paid him the greatest 
honours, by having a public oration and verses made in 
his praise, which were published soon after in 4to, under 
the title of Ultima Linca Savilii. 

As to the character of Saville, the highest encomiums 
arc bestowed on him by all the learned of his time : by 
Casaubon, Merccrus, Meibomius, Joseph Scaliger, and 
especially the learned bishop Montague; wbo, in his 
Diatribe upon Seidell's History of Tythes,. styles him, 

44 that magazine o! learning, whose.memory shull be ho¬ 
nourable amongst not only the learned, but the righteous 
for ever/' 

Several noble instances of his munificence to the repub¬ 
lic of letters have already been mentioned ; in the account 
of his publications many more, and even greater, will ap¬ 
pear. These are, 

j. Four Books of the Histories of Cornelius Tacitus* and 
the Life of Agricola ^ with Notes upon them, in folio, de¬ 
dicated to Queen Elizabeth, 1-581; 

2. A View of certain Military Matters, or ‘Commenta¬ 
ries concerning Roman Warfare, 1698. 

3. Rerum Anglkarum Scriptores post Bednm, • itC. 

15 96 . This is a collection of 'the best writers of our 
English history ; to 'which ho added chronological ta¬ 
bles! at the end, from Julius Ca»ar to William the Con- 
queror. il . ito t*II**CI • — 

4. The Works of St. Chrysostom, in Greek, inAvolp. 

folio ,j I6l3. ■ • This is a very fine edition, and comprised 
.with great cost anil labour.* In kbe preface he says^Mhat 
•liavinghimself visited, about 12 years before,‘oil the public 
and private libraries in Britain, and ‘copied out thence 
•whatever he* thought useful to this design, lie then sent 
some learned men into France, Germany, Italy,‘and *He 
East, to transcribe such parts as lie hud not already, and 
to collate the others with the best manuscripts/' At the 
same time, he mak£s his acknowledgments-to several 
eminent men for their assistance; as Thuanus, Velserus, 
Schottus, 1 Casaubon, Ducreus, Grutcr, Hoeschehus, 
&c. In the 8 th volume are inverted ^ir Henry Saville s 
own notes, tvitb) tHosc of other learned men. The 
whole chaege of this {edition, including the several sums 
paid to learned men,! at hoUuAnnd abroad, employed in 
finding out, transcribing, and collating the best manu¬ 
scripts, is said to 'have amounted to no less than 8000L 
A still more sumptuous and voluminous edition was niter- 
\vards printed at Paris, in 13 folio volumes; by thfcBfenc- 
dictincs and the learned Montfaucon, the 1st vol. in lr“» 
and the last in 1738. ’ h J il* 

5. In ‘1618; he published is Latin wo A* by 

Thomas Btadvvnrdin, abp; of Canterbury,* ttgamst Jcla- 
giusy iniitlcd/ tDe'Chtiife Doi contra Pelriglumy et Ide 

•X I ■ 
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tute causarum ; to which he prefixed the life of Brad- 
wardin. 

6. In 1621 he published a collection of his own Mathe¬ 
matical Lectures on Euclid’s Elements; in 4to. 

7. Oratio coram Elizabctha Regina Oxonioe habita, an¬ 
no 1592. Printed at Oxford in 1658, in 4to. 

8. He translated into Latin king James’s Apology for 

the Oath of Allegiance. He aPo left several manuscripts 
behind him, written by order of king James; all which 
arc in the Bodleian library. He wrote notes also on the 
margin of many books in his library, particularly Euse¬ 
bius’s Ecclesiastical 'History ; which were afterwards used 
by Valesius, ih his edition of that work in —Four of 

his letters to Camden are published by Smith, among 
Camden’s Letters, 1691 , 4to. 

Sir Henry Saville had a younger brother, Thomas 
SavillE, who was udmitted probationer fellow ot Mcr- 
ton-collegc, Oxford, in 1580. He ufterwards travelled 
abroad into several countries. On his return he was 
chosen fellow of Eton-college ; but he died ot London in 
1593. Thomas Saville was also a man of great learning, 
and an intimate friend of Camden ; among whose letters, 
just mentioned, there arc 15 of Mr. Saville's to him. 

SAUNDERSON (Dr. Nicholas), an eminent profes¬ 
sor of mathematics in the university of Cambridge, and a 
fellow of the Royal Society, was bom at Thurlston in 
Yorkshire in 1682. When he was but twelve months old, 
he lost not only his eye-sight, but his very eye-balls, by the 
small-pox ; so that he could retain no more ideas of vision 
than if he had been born blind. At an early age, how¬ 
ever, being of very promising part?, he was sent to the 
free-schooi at Pcnniston, and there laid the foundation of 
that knowledge of Greek and Latin languages, which ho 
afterwards improved so far, by his own application to the 
classic authors, as to hear the works of Euclid, Archi¬ 
medes, and Diophantus rend in their original Greek. 

* Having acquired a grammatical education, his father, 
who was in the excise, instructed him in the common 
rules of arithmetic.* And here it was that his excellent 
mathematical genius first appeared : for he very soon bc-> 
came Able to work the common questions, to make long 
calculations by the strength of his memory, and to form 
new rules to himself for the better resolving of such pro¬ 
blems as are often proposed to learners as trials of skill. 

- At the age of 18, our author was introduced to the ac¬ 
quaintance of Richard West, of Underbank, Esq. a lover 
of mathematics, who, observing Mr. Saunderson'? uncom¬ 
mon capacity, took the pains to instruct him in the prin¬ 
ciples of algebra and geometry, and gave him every en¬ 
couragement in his power to the prosecution of these 
studies. Soon After this he became acquainted also with 
Dr. Nettlcton, who took the same pains with him. And 
it was to these iwo gentlemen that Mr. Saunderson owed 
bis first institution in the mathematical sciences : they 
furnished him with books, and often read and expounded 
them to him. But he soon surpassed his masters, and be¬ 
came fitter to teach, than to learn any thing from them. 

. His father, otherwise burdened with a numerous family, 
finding a difficulty in supporting him, his friends began to 
think of providing both for his education and maintenance. 
His own inclination led him strongly lo Cambridge, and 
it wusqI length determined that he should try his fortune 
there, not as a scholar, but as a master: or, if this de¬ 
sign should not succeed, they promised themselves success 
ih opening a school for him at London. Accordingly ho 


went to Cambridge in 1707, being then 25 years ot age. 
and his fame in a short tune tilled the unueisity. New ton’s 
Principia, Optics, and Universal Arithmetic, were the 
foundations of his lectures, and afforded him a noble field 
for the display of his genius ; and great numbers came U> 
hear a blind man give lectures on opiics, discourse on the 
nature ot light and colours, explain the theory of vision, 
the effect of glasses, the phenomenon ol the rainbow, and 
other objects of sight. . . 

As he instructed youth in the principles of the Newto¬ 
nian philosophy, lie soon became acquainted with its in¬ 
comparable author, though he had several years before 
left the university ; and frequently Conversed with Inm on 
the most difficult parts of his work* : he also held afnendly 
communication with the other eminent mathematicians <>! 
the age, Halley, Cotes, Demoivre, &c. 

Mr. Whistou was during this time in the mathematical 
professor’s chair, and read lectures in the manner pro¬ 
posed by Mr. Saunderson on hissettling at Cambridge; so 
that an attempt of this kind looked like an encroachment 
on the privilege.of Ins office; but, as a good-natured man, 
and an encourager of learning, he readily consented to the 
application of Iriends made in behalf of so uncommon a 
person. ■ 

On the removal of Mr. Whiston from his professor¬ 
ship, Mr. Suundcrson’s merit was thought so much su¬ 
perior to that of any other competitor, that an extra¬ 
ordinary step was taken in hit* favour, .to qualify him 
with a degree, which the statute requires : in consequence 
he was chosen, in 1711, Mr. Wlilstou’s successor in the 
Lucusian professorship of mathematics, Sir Isaac Newton 
interesting himself greatly in his favour. His first per¬ 
formance, after he was seated, in the chair, was an inau¬ 
gural speech made in very elegant latin, and a style truly 
Ciceronian; for he was well versed in the writings of'Fully, 
who was his favourite in prose, as Virgil* and Horace were 
in verse.** Fr6m th:s time he applied himself closely to the 
reading of lectures, npd gave up his whole time to his pupils, 
lie continued to rcsido among the gentlemen of Christ- 
collcgc till the year 1723, when ho took a house in Cam¬ 
bridge, mid soon after* married a daughter of Mr. Dickens, 
rector of Boxworth'in Cambridgeshire, by whom he had 
•a son and a daughter;• » n • *» . ,!> in 

In the year 172fl, when king George visited the univer¬ 
sity, he expressed a desire of seeing so remarkable a per¬ 
son ; and accordingly our professor attended Ins majesty 
in the senate, and by his favour was there created doctor 
of laws. , 1° l j 

Dr. Saunderson was naturally of a strong healthy con¬ 
stitution ; but being too sedentary, and constantly con¬ 
fining himself to the house, he became a valetudinarian : 
anti in tho spring of the year 1739 he complained of a 
numbness in his limbs, which ended in a mortification in 
his foot, of which he died the 19lh of April that year, in 
the 57th year of his age. 

There was scarcely any part of the mathematics on 
which Dr.Saunderson had not composed-something for 
the use of his pupils. But he discovered no intention of 
publishing any thing till, by the persuasion of his friend;, 
ire prepared his Elements of Algebra for the press, which 
after his death were published by subscription in 2 vols 
4to, 1740. 1 

• He left many other writings, though none perhaps pre¬ 
pared for the press. Among these were some valuable com¬ 
ments on Newton’s Principia, which not only explain the 

2 Z 2 
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more difficult parts, but often improve upon the doctrine 
itself. These are published in Latin at the end of bis po<>t- 
humous Treatise on Fluxions, a valuable work, published 
in Svo, 1756.—His manuscript lectures too, on most parts 
of natural philosophy, which 1 have seen, might make a 
considerable volume, and prove an acceptable present to 
the public if printed. 

Dr. Suunderson, as to his character, was a man ot much 
wit and vivacity in conversation, and esteemed an excel¬ 
lent companion. He was endued with a great regard to 
truth ; and was such an enemy to disguise, that lie thought 
it his duty to speak his thoughts at all times with unre¬ 
strained freedom. Hence his sentiments on men and 
opiuions, his friendship or disregard, were expressed 
without reserve; a sincerity which raised him many 
enemies. 

A blind man, moving in the sphere of a mathematician, 
seems a phenomenon difficult to be accounted for, and has 
excited the admiration of every age in which it has ap¬ 
peared. Tully mentions it as a thing scarce credible in 
liis own master in philosophy, Diodotus; that lie exer¬ 
cised himself in it with more assiduity after he became 
blind ; and what he thought next to impossible to be done 
without sight, that he professed geometry, describing his 
diagrams so exactly to his scholars, that they could draw 
every line in its proper direction. St. Jerome relates a 
still more remarkable instance in Didymus of Alexandria, 
who, though blind from his infancy, and therefore igno¬ 
rant of the very letters, not only learned logic, but geo¬ 
metry also to very great perfection, which seems most of 
all to require sight. But, if we consider that the ideas of 
extended quantity, which arc the chief objects of mathe¬ 
matics, may as well he acquired by the sense of feeling as 
that of sight, that a fixed and steady attention is the prin¬ 
cipal qualification for this study, and that the blind arc by 
necessity more abstracted than others (for which reason it 
is said that Democritus put out his eyes, that he might 
think more intensely), wc shall perhaps find reason to sup¬ 
pose that there is no branch of science so much adapted 
to their circumstances. 

At first, Dr. Saundcrson acquired most of his ideas by 
the sense of feeling; and this, us is commonly the case 
with the blind, he enjoyed in great perfection, \cthc 
could not, as some are said to have done, distinguish co¬ 
lours by that Acnsc; for, after having made repeated 
trials, he used to say, it was pretending to impossibilities. 
But he could with great nicety and exactness observe the 
smallest degree of roughness or defect of polish in a sur¬ 
face. Thus, in a set of Roman medals, he distinguished 
the genuine from the false, though they had been counter¬ 
feited with such exactness as to deceive a connoisseur who 
had judged rby the dye, ; By the sense of feeling also, he 
distinguished the least variation ; and he has been seen in 
a garden, when observations have been making on the 
sun, to take notice of every cloud that interrupted the 
observation almost as justly as they who could sec it. 
He could also tell when any thing was held near his face, 
or when he passed by a tree at no great distance, merely, 
by the diffcient impulse of the air on his face. 

His ear was also equally exact. lie could readily dis¬ 
tinguish the 5th part of a note. By the quickness of this 
sense he could judge of the size of a room, and of Ins dis¬ 
tance from the wall. And if ever he walked over a pave¬ 
ment, in courts or piazzas whichi.reflectcd a sound, and 
wus afterwurds conducted thither again, he could tell in 


what part of the. walk he stood, merely by the note it 
sounded. - , , 

Dr. Saundcrson had a peculiar method of performing 
arithmetical calculations, by an ingenious machine and 
method, which is particularly di-scnbyd in apiece pre¬ 
fixed to the first volume of his Algebra. .That he was able 
to make long and intricate calculations, both arithmetical 
and algebraical, is a thing as ccitain as it is wonderful. 

He had contrived for his own use, a commodious nota¬ 
tion for any large number*', which he could express on 
his abacus, or calculating table, and with which he could 
readily perform any arithmetical operations, by the sense 
of feeling only, for which reason it was called his Palpa¬ 
ble Arithmetic. 

His calculating table was a smooth thin board, a little 
more than a foot square, raised upon a small frame so as 
to lie hollow; which board was divided into a great 
number of little squares, by lines intersecting one another 
perpendicularly, and parallel to the sides of the table, 
and the parullel ones only one-tenth of an inch from each 
other; so that every square inch of the table was thus 
divided into 100 little squares. At every point of inter¬ 
section the'board was perforated by small holes, capable 
of receiving a pin ; for it wus by the help of pins, stuck 
up to the head through these holes, that he expressed his 
numbers. He used two kinds of pins, a larger and a 
smaller sort; at least their heads were different, and might 
easily be distinguished by feeling. Of these pins he had 
a large quantity in two boxes, with their points cu$ off, 
which always stood ready before him when he calculated. 
The writer of that account describes particularly, the 
whole process of using the machine, and concludes, “ He 
could place and displace his pins with incredible nimble¬ 
ness und facility, much to the pleasure und surprize of all 
the beholders. He could even break off in the middle of 
a calculation, and resume it when he pleased, and could 
presently know the condition of it, by only drawing his 
fingers gently over the table/' ( , # , 

SAURIN (Joseph), an ingenious French mathemati¬ 
cian, was born in 1659, at Courtaison, in the principality 
of Orange. His father, minister at Grenoble, was a man, 
of a very studious disposition, and was the first preceptor 
or instructor to our author; who made a rapid progress 
in his studies, and at a very early age was admitted a mi¬ 
nister at Eure in Dauphiny: but preaching an offensive 
sermon, he was obliged to quit France in lo83. On this, 
occasion he retired to Geneva; whence lie went into the 
State of Berne, and was appointed to a living at Yverdun# 
He was no sooner established in this his situation, than, 
certain theologians raised a clamour against him. Saurin,. 
disgusted with the controversy, and still more with the 
Swiss, where his talents were buried, passed into Holland, 
and from thence into Francq, where he put himself under 
the protection of the celebrated Bossu, to whom he made 
his abjuration in 1690 , as it is suspected, that he might, 
find protection, and have an opportunity of cultivating, 
the sciences at Paris. And in this he was not disap-i 
pointed: lie met with many flattering encouragements; 
was even much noticed by the king, had a pensioni^from- 
the court, and was admitted of the Academy of Sciences 
in 1707, in the quality of geometrician. This science 
was now his chief study and delight; with, many writings 
upon which he enriched the volums of the Jourpal dcs» 
Savans, and the Memoirs of the Academy of Sciences* 
These were the only works of this kind that he published; 
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he was author of several other pieces of a controversial 
nature, against the celebrated Rousseau, and other anta¬ 
gonists, over whom, with the uvtistance of government, he 
was enabled t » triumph. The latter part of his life was 
spent more peaceably in cultivating the mathematical 
sciences. lie <lir«! the 29*h of December 1737, of a le¬ 
thargic fever, at 7^ seals of age. 

The character of :>.iiirin was lively and impetuous, en¬ 
dued with a considerable degree of that noble indepen¬ 
dence and loftiness of manner, which is apt to be mistaken 
for haughtiness or insolence; in consequence of which, 
Ins memory was attacked after his death, as his reputa¬ 
tion had been during his life; and it was even said he had 
been guilty of crimes, by his own confession, that ought 
to have been punished with death. 

Saurin's mathematical and philosophical papers, printed 
in the Memoirs of the Academy ot Sciences, which are 
pretty numerous, are to be found in the volumes tor the 
vedrs following; viz, 1709, 1710, 1713, 1716, 1718, 
1720, 1722, 1723, 1725, 1727. 

SAUSSURE (Horace Benedict de), an ingenious 
philosopher, who was born at Geneva in 1740 , and died 
in 1799- At the age of 21 lie was elected philosophical 
professor at Geneva, where he taught for 25 years, with 
great public benefit. lie first visited Paris in 176 s, and 
next examined the discoveries of Montgolfier at Lyons; 
lie then travelled through Holland, Belgium, England, 
and Italy. He visited the islund of Elba, examined Ve¬ 
suvius, and measured the crater of ./Etna. He invented 
several instruments, in scientific operations. In his ex¬ 
cursions among the Alps, he crossed them 14 times, at 8 
different places; and he ascended to the summit of Mont 
Blanc, where lie could hardly breathe. He was made 
member of the Academy of Sciences at Paris, &c. In 
the French revolution he was elected, on the union of his 
country to France, to the National Assembly ; hut the dis¬ 
orders of the limes ruined liis little fortune, and broke 
his heart. 

Saussurc was author of an Eulogy on his friend Bonnet, 
8 vo: Dissertatio Physica dc Igne: Inquiry on the Bark 
of Leaves, See : Dissertatio Physica dc Elcctricitatc, 8 yo: 
Plan of Reform for the College of Geneva: Description 
of the Electrical Effects of Thunder: Essay on Hygror 
metry, 4to: Travels in the Alps, 4 vols. 4to, a valuable 
work ; and other pieces. 

SAUVEUR (Joseph), an eminent French mathema¬ 
tician, was born at La Flcchc the 24th of March 1653. 
He was absolutely dumb till lie was seven years of age; 
and then the organs of speech did not disengage so effec¬ 
tually,'but that he was ever after obliged to speak very 
slowly and with difficulty. He very early discovered a 
great turn for mechanics, and was always inventing and 
constructing something or other in that way. 

He was sent to the college of the Jesuits to study po¬ 
lite literature, but made very little progress in poetry and 
eloquence. Virgil and Cicero had no charms for him; 
but he read with eagerness books of arithmetic and geo¬ 
metry. However, he was prevailed on to go to Paris in 
1670, and, being intended for the church, there he ap¬ 
plied himself for a time to the study of philosophy and 
theology; but still succeeded no better. In short, ma¬ 
thematics was the only study he had any relish for, and 
this he cultivated with extraordinary success; for during 
his tjporse of philosophy, he learned the fipt six books of 


Euclid in the space of a month, without tic help of a 
master. 

As he had an impediment in his voice, though other¬ 
wise endued with extraordinary abilitii^, he was advised 
by M. Bossuet, to give up nil designs for the church, and 
to apply himself to the study of physic : but tins being 
utterly against the inclination of liia uncle, from whom he 
drew his principal resources, Sauveur determined to de¬ 
vote himself to his favourite science, and to perfect him¬ 
self in it, so as to teach it for his support: and in effect 
he soon became the fashionable preceptor in mathema¬ 
tics, so that at 23 years of i^ge lie had prince Eugene for 
his scholar.— He had not yet read the geometry of Des¬ 
cartes; but a foreigner of the first quality desiring to be 
taught it, he made himself maste r of it in an inconceivably 
small space of time.—Basset being a fashionable game at 
that time, the marquis of Dangeau asked him for some 
calculations relating to it, which gave such satisfaction, 
that Sauveur had the honour to explain them to the king 
and queen. . 1 

In 1681 he was sent with M. Mariolic to Cbantilli, to 
make some experiments upon the waters there, which he 
did with much applause. The frequent visits he made to 
this place inspired him with the design of writing a trea¬ 
tise on fortification ; and, in order to join practice with 
theory, he went to the siege of Mons in 169 l,.where lie 
continued all the while in the trenches. With the same 
view also lie visited all the towns of Flanders ; and on his 
return he became the mathematician in ordinary at the 
court, with a pension for life.— In 1680 ju* had, been 
chosen to teach mathematics to the pages of the Dau- 
phincss. !u 10S6 he was appointed mathematical pro¬ 
fessor in the Royal College. Anti in I0y6 admitted a 
member of the Academy of Sciences, where he was in 
high esteem with the members of that society.— lie became 
also particularly acquainted with the prince of Comic, 
from whom he received many marks of favour and affec¬ 
tion. Finally, M. Vauban having been made marshal of 
France, in 1703, he proposed Sauveur to the king as hi* 
successor in the office of examiner, of the engineers; tp 
which his majesty agreed, and honoured him with a pen¬ 
sion, which our author enjoyed till his death, which hap¬ 
pened the 9 th of July l?l 6 , in the 64 th year of his age. 

Sauveur, in his character, was of a kind obliging dispo¬ 
sition, of a sweet, uniform, and unaffected temper; and 
though his fame was pretty generally spread abroad, it did 
not alter his humble deportment, and the simplicity of 
his manners. He used to say, that what one man could 
accomplish in mathematics, another might do also, if he 
chose it. 

An extraordinary part of Sauvcur’s character is, that 
though he had neither a musical voice nor ear, yet he 
studied no science more than music, of which he com¬ 
posed an entire new system. And though he was obliged 
to borrow other people's voice Hnd ears, yet he amply re-, 
paid them with such demonstrations as were, unknown to 
former musiciaps. He also introduced u new diction in 
music,.more appropriate and extensive. He invented a 
new doctrine of sounds ; and was the first that discovered, 
by theory, and experiment, the velocity of musical strings, 
and the spaces they describe in th^ir vibration*, under all 
circumstances of tension.and dimensions. It was he also 
• who first invented for this purpose the inonochord and the 
ccbomctcr. In short, he pursued his researches cveu to 
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the music of the? ancient Greeks and Romans, to the 
Arabs, and to the very Turks and Persians; so jealous 
was he, lest any thing should escape him in the science of 
sounds. * 1 • t 

SauveuKs writings, which consist of pieces rather than 
of set works, are all inserted in the volumes of the Me¬ 
moirs of the Academy of Sciences, from the year 1/00 to 
the year J7l(>, on various geometrical, mathematical, 
philosophical, and musical subjects. 

SCALE, a mathematical instrument, consisting of cer¬ 
tain lines drawn on wood, metal, ivory, &c, divided into 
various parts, either equal or unequal. It is of great use 
in laying down distances in proportion, or in measuring 
distances already laid down. There are scales of Various 
kinds, accommodated to the several uses : the principal 
arc the Plane Scale, the Diagonal Scale, Gunter's Scale, 
and the Plotting Scale. 

Plane or PUtin SCALfe, a mathematical instrument of 
very extensive use and application ; which is commonly 
made ol 2 f«*et in length ; and the lines usually drawn 
upon it are the following, viz, 

I Lines of Equal Parts, and marked E. P. 


2 

- - Chords - - 

- - •- Clio. 

3 

- Rhumbs - - 

- - - Ru. 

4 

- - Sines - - 

- - - Sin. 

5 

- - Tangents - - 

- - - Tan, 

6 

- - Secants - - 

- - - Sec. 

7 

* - • - Semitangents 

- - - S. T. 

8 

• - • Longitude 

- - - Long. 

9 

- Latitude ! - 

- - - : Lat. 


1. The lines of equal parts arc of two kinds, viz, sim¬ 
ply divided,' and diagonally divided. The first of these 
are formed by d hi Wing three lines parallel to one another, 
and dividing them into any number of equal parts by 
short lilies drawn across them, anti in like manner sub¬ 
dividing the first divis ion or part into 10 other equal 
small parts ; by which, numbers or dimensions of two 
figures may be taken off. On sonic rulers, several of 
those scales of equal parts arc ranged parallel to each 
other, with figures set to them to show into how many 
equal parts they divide the inch; as 20, 25, 30, 35, 
40, 45, &c. The 2d or diagonal divisions arc formed by 
drawing eleven long parallel and Equidistant lines, which 
arc divided into equal parts, and crossed by other short 
lines, as the former ; then the first of the equal parts have 
the two outermost of the eleven parallels divided into 10 
equal parts, and the points of division being connected by 
lines drawn diagonally, the whole scale is thus divided 
into dimensions or numbers of three places of. figUrt/s. 

The other lines upon the scales arc such as arc com¬ 
monly used in trigonometry, navigation, astronomy, dial¬ 
ling, projection of the ‘sphere, &c, &c ; and their con¬ 
structions arc mostly taken from the divisions of a circle, 
as follow: 

Describe a circle with ahy convenient radius, .aiid 
quarter it by drawing the diamctcre Xb tind de at right 
angles to each other; continue the diunibter ab out to¬ 
wards v, and draw the tangent line eo parallel to itj also 
draw the chords ad, dd, be 1 , ea; Then, 

2. For the line of chords, divide a quadrant be into 90 
equal pam; on e os a centre, with the compasses trans¬ 
fer these divisions to the chord line eb, wliicn tnafk'w^th 
the corresponding number*; and it will bt'doitte a line of 
chords, to be transferred to - the ruler . 11 ‘ ‘ 1 



• > 

divisions to the chord a d, for the line of rhumbs. 

4. For Ihc line of sines, through each of the divisions 
of the arc be, draw right lines parallel to the radius bC, 
which will divide the radius ce into the sines, or versed 
sines, numbering it frpm c to K for the sines, and from £ 
to c for the versed sines. 

5. For the line of tangents, lay a ruler on c, and the 
several divisions of,the arc be, ami it will intersect the 
line to, wliich will becomb nlitie of tangents, and num¬ 
bered from E to G <vith 10, 20, 30, 40, &C. 

6 . For the line of secants, transfer the distances be¬ 
tween the Centre 4 and the divisions on the line of tan¬ 
gent* to the line hi-, from tile centre c, and these will give 
the divisions of the. line of secAHts, which must be num¬ 
bered from'b towards F, wifh 10, 20, 30, &C. 

7- For the line of schiltnngcnts, lay a ruler on D and 
the several division* of the arc eb, which will intersect 
the radius CB in the divisions of the semitangents, which 
arc to be marked v^ith'the corresponding' figures of the 
arc eb. i i i 

The chief usek of thc sinc 6 , tangents, secants, and semi- 
tangents, are to fin'd, the polcS and centres of the Several 
"Circles represented in projections of 1 tile sphere. 

8.'For the line of longitude, divide the radios CJi into 
60 Canal parts; throtigb each of these, jp'traflels to thp 
radius bc will’intersect' the arc BD irt as many points'; 
from b as a cctitre the divisions of the arc BD being trails- 
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fcrrcd to the chord bd, will give the divisions of the line 
of longitude* M 

If this line be laid upon the scale close to the line of 
chords, both inverted, so that 60 ° in the scale of longi¬ 
tude be against 0° in the chords, &C ; and any degree of 
latitude be counted on the chords, there will stand op¬ 
posite,to it, in the line of longitude, the miles contained 
in one degree of longitude, in that latitude ; the mea¬ 
sure of X degree under the equator being 6 t> geographi¬ 
cal miles. 

9 . For the line of latitude, lay a ruler on b, and the 
several divisions on the bines on ce, and it will intiTbCCt 
thp arc ae in as many points; on a as a centre transfer 
the intersections of the arc ae to the chord ae, for the 
line of latitude. 

See also Robertson's Description and Use of Mathe¬ 
matical Instruments. 

Diagonal Scale. See the article 1, above. 

Decimal , or Gunters, or Plotting , or Proportional 9 or 
Reducing Scale. Sec the several articles. 

Scale, in Architecture and Geography, a line divided 
into equal parts, placed at the boitom of a inap or draught, 
to iscrve as a common measure to;,all the parts of the 
building, or all the distances zpid places of the map. 

Jn maps of largi* tracts, 4 is kingdoms and provinces, &c, 
the scale usually consists of miles :. whence it is deno¬ 
minated a scale of miles.—In more particular maps, as 
those of manors, Acc, the scale is usually of chaius &c*— 
The scales used in draughts of buildings mostly consist ot 
modules, ,fect, inches, palms, fathoms, or the like.. 

To find the distance between two towns &c, in a maj>, 
the interval is taken in the i compasses, and set off in the 
scale ; .and the number of divisions it includes gives the 
distance. The same method serves to find the height of 
a stpry, or other part in a design. 

Fro# Scale, ;n Perspective, is a right line in the 
draught, paraljfl to the horizontal Jjoe j,(divided into equal 
parts, repp seming feet, inches, &c. 

Plying Scale, is a right line in the draught, tending to 
the point of view, aud divided into unequal parts, repre¬ 
senting feet, iuchcs, ISoc* ,, t\ ; j f inul 

Dijfcrentud Scale, is used,for the scale of relation sub¬ 
tracted from unity.,. See&ERips. . t it., i ». 

Scale of Notation , is the order of progression on 
which any system of arithmetic is founded; as the Binpry 
Scale, Quartcoary, Sexenary, Denary, Duodenary, &c. 

The denary, or decimal scale, is that on which our pre¬ 
sent notation is established, and by which the value of-our 
numerical characters increase, in a tenfold proportion, 
from the right hand towards the left, the number of cha¬ 
racters employed being ten. In the binary scpJc, there 
are only two characters, namely 1 and 0 ; and generally, 
for any scale of notation, the numbv r of characters neces¬ 
sary for expressing a given quantity, will never exceed the 
radix of that system, , . in m n j , . 

The following examples will give some idea of the use 
of the different scales. 

, Common 

Stale- NumJr. Progressions. Expre*- 

sionJ 1 

Binary - - 1011 !0~1 xi*4-l #* 7 4-lk 9+0 * 46 

Ternary - 121 201 *i k0? + 'j >f.a*+0.xi3 + 1 45* 

Qu*rten*rv 103013=*! X 4 s + 2 X 4*4-3 x 4*4-0 x 4,* + 1 x 44-;) — 1733 
<*4n*ry - 41340i— 4X 3*4-1 X V*4-3 X 5*4-4 x 5*-t-0x *4-2 = 11602 
8exen*ry ’ 532412 — 5* 6*4-3 X 6*4-2 X V-p4 X 6*4-1 x 6 —41352 
Ddrsmsi l7*4Csxl x 10*4-7 x 10 ** 30*4-4 x 104*6 •• —17844 
Du&ijptry,, 7S46=»7Xi2 , 4-axX2 , 4-4xX24-4 , 4 **10300 


For more 011 this subject, sec Notation. 

Scale of Relation, in Algebra, an expression denoting 
the relation of ihc terms of recurring series to each other. 
Sec Series. 

Hour Scale. Sec Hour. 

Scale, in Music, is a denomination given to the ar¬ 
rangement f the six syllables, invented by Guido Ara- 
tino, ut re mi fa 10 I la ; called also gammui. It is called 
scale, or ladder, because it represents a kind of ladder, 
by means ot which the voice ri$os to acute, or sinks to 
grave; each of the six syllables being as it were oik* step 
of the ladder. 

Scale is also used for a series of sounds rising or fall¬ 
ing towards acuteness or gravity, from any given pitch of 
tunc to the greatest distance that is fit »>r practicable, 
through such intermediate degrees as to make the suc¬ 
cession most agreeable and perfect, and in which we have 
all the harmonica! intervals most commodiously divided. 
—The scale is otherwise (Called an Universal System, as 
including all the particular systems belonging 10 music. 
See System. —There were three different scales in use 
among the ancients, which had their denominations from 
the three several kinds of music, viz, the Diatonic, Chro¬ 
matic, and Inharmonic; which see. 

SCALEN E, or Scales* ous Triangle , is a triangle whose 
sides and angles are all unequal.— A cylinder or cone, 
whose axis is oblique or inclined to its base, is also said 
to be scalenous : though more frequently it is called 
oblique. 

SCALIGER (Joscru Justus), a celebrated French 
chronologer and critic, was tl^p son of Julius Cssar Sca- 
Jiger, and born at Agcn in France, in 1540. He studied 
in the college of Bourdeaux ; after which his father took 
him under his own care, and employed him in transcrib¬ 
ing bis poems; by which means he obtained such a taste 
for poetry, that before be was 17 years of age he wrote a 
tragedy on the subject of Oedipus, in wInch he introduced 
all the poetical ornaments of >tyle and sentiment. 

His father dying in 1558, be weut to Paris the year fol¬ 
lowing, with a design lo apply himself to the Grpck 
tongue; .for which.purpose he for two months attended 
the lectures of Turnebus ; but finding that in the usual 
course he should be a long time in gaining his point, he 
shut himself up in his closet, and by constant application 
for two years gained a perfect knowledge of the Greek 
language After which he applied himself to the Hebrew, 
which be learned by .himself .with great facility. And in 
like manner he ran through many other languages, till be 
could speak r it is said, no less than 13 ancient and modern 
tongues. He made no less progress in the sciences; and his 
writings procured him the reputation of one of the greatest 
men of that or any other, age. He embraced the reformed 
religion at 22 years of age: and in, 1503, lie attached 
himself to Lewis Casteignicr de la Koch Pnzay, whom 
he attended in several journeys. And, in i593* the cura¬ 
tors of the university o.f Leyden invifqd Jiira. to an hono¬ 
rary professorship in that university, where he lived 16 
years, till he dipd of a dropsy in 1 , 609 , nt 69 years of age. 

Scaliger was a man.of great temperance; was never 
married;; and \yns so close a student, that he often spent 
whojc days ip bis study without eating: and though his 
.circumstances were always very narrow, he coustautly re¬ 
fused the presents that were offered hin). | 

Ilf was author, pf many ingenious works on various 
subjects. His elaborate work, De Emtindauone Tempo- 
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rum ; his exquisite animadversions on Eusebius ; with his 
Canon Isagopcus Chronologiae; anti his accurate com¬ 
ment upon Manilius’s Astronomicon,sufficiently evince his 
knowledge m astronomy, and other branches of learning, 
among the ancients, and who, according to the opinion of 
the celebrated Vieta, was far superior to any of that age. 
And he had no less a character given him by the learned 
Casaubon.— He wrote Cyclometrica et Diatriba de Equi- 
noctiorum Anticipatione. Also notes upon Scncca, Varro, 
and Ausonius's Poems. But that which above all things 
renders the name of Scaliger memorable to posterity, is 
the invention of the Julian period, which consists of 7930 
years, being ihc continued product of the three cycles, of 
the sun 28, the moon 19, and Roman indiction 15. This 
period had its beginning fixed to the 764th year before 
the creation, and is not yet completed, and comprehends 
all other cycles, periods, and cpochas, with the times of 
nil memorable actions and histories. The collections in- 
titled Scaligcriana, were made from his conversations by 
one of his friends; and being ranged in alphabetical or¬ 
der, were published by Isaac Vossius. 

SCANTLING, a measure, size, or standard, by which 
the dimensions &c of things are to be determined. The 
term is particularly applied to the dimensions of any piece 
of timber, with regard to its breadth and thickness*. 

SCAPEMENT, in Clock-work, a general term for the 
manner of communicating the impulse of the wheels to 
the pendulum. The ordinary scapcments consist of the 
swing-wheel and pallets only; but modern improvements 
have added other levers or detents, chiefly for the pur¬ 
poses of diminishing friction, or for detaching the pendu¬ 
lum from the pressure of the wheels during part of the 
time of its vibration. Notwithstanding the very great im¬ 
portance of the scapement to the performance of clocks, 
no material improvement wus made in it from the first ap¬ 
plication of the pendulum to clocks, to the days of Mr. 
George Gruhum ; nothing more was attempted before his 
time, than to apply the impulse of the swing-wheel, in 
such manner ns was attended with the least friction, and 
would give the greatest motion to the pendulum. Dr. 
Hnllcy discovered, by some experiments made at the Royal 
Observatory at Greenwich, that by adding more weight 
to the pendulum, it was made to vibrate larger arcs, and 
the clock went faster; by diminishing the weight of the 
pendulum, the vibrations became shorter, and the clock 
went slower; the result of these experiments being diame¬ 
trically opposite to what ought to be expected from the 
theory ofthe pendulum, probably first roused the attention 
of Mr. Graham, and led him to such further trials as con¬ 
vinced him, that this seeming paradox was occasioned by 
the retrograde motion, which was given to the swing-wheel 
by every construction of scancmcnl that was at that lime 
in use; and his great sagacity soon produced a remedy 
for this defect, by constructing a scapement which pre¬ 
vented oil recoil of the wheels, and restored to the clock 
pendulum, wholly in theory, and nearly in practice, all its 
'natural properties in its detached simple state; this scape¬ 
ment was named by its celebrated inventor the Dead Beat, 
and its great superiority was so universally acknowledged, 
that it was soon introduced into general use, and still Oon- 
tinucs in universal esteem. The importance of the scape- 
m< nt t6 the accurate going of clocks, wus by this improve¬ 
ment rendered so unquestionable, thut artists of the first 
i*atc ull over Europe, were forwurd in producing each his 
particular construction, as may be seen in -the works of 


Thiout 1’aine, M. J. A. I-epante, M.le Roy, M. Ferdinand 
Bertoud, and Mr. Cummings' Elements of Clock and 
Watchwork, in which we have a niintfle description of se¬ 
veral new and ingenious constructions of scapenu-nts, with 
an investigation of the principles on which their claim to 
merit is founded ; also a comparative view of the advan¬ 
tages or defects of the several constructions. Besides the 
scapcments described in the above works, many curious 
constructions have been produced by eminent artists, who 
have not published any account of them, nor of the mo¬ 
tives which have induced each to prefer his favourite con¬ 
struction : Mr. Harrison, Mr. Hindley of York, Mr. Elli- 
cot, Mr. Mudge, Mr. Arnold, Mr. Whitehurst, and many 
other ingenious artists of this country, have made scape- 
ments of new and peculiar constructions, of which we are 
unable, for the above reason, to give any further account 
than that those of Mr. Harrison and Mr. Hindley had 
scarce any friction, with a certain mode and quantity of 
recoil; those of all the other gentlemen, we believe, have 
been on the principle of the dead beat, with such other 
improvements os they severally judged most conducive to 
a good performance. 

Count Bruhl published, in 179*, & small pamphlet, 

“ On the Investigation of Astronomical Circles," to which 
he has annexed, “ A Description ofthe Scapement in Mr. 
Mudge's first Timekeeper, drawn up in August 1771. M 
Before entering upon the description, the count premises a 
few observations, in one of which he recognizes a hint con¬ 
cerning the nature of Mr. Mudge’s scapement, thrown out 
by this artist in a small tract printed by him in the year 
1763, which is this: " The force derived from the main¬ 
spring should be made as equal as possible, by making tho 
mainspring wind up another smaller spring at a less di¬ 
stance from the balance, at short intervals of time. I 
think it would not be impracticable to make it wind up 
at every vibration, a small spring similar to the pendulum 
spring, that should immediately act on the balance, by 
which the whole force acting on the balance would be re¬ 
duced to Ihc greatest simplicity, with this advantage, that 
the force would increase in proportion to the arch." From 
this hint. Count Bruhl is surprised that no other artist! 
have taken up Mr. Mudge's invention. • He then gives the 
description of that inventioh, in the pamphlet above-meu- 
tioned. 

For ft detailed account of Mudge’s scapement, and other 
inventions of this kind, sco Gregory’s Mechanics, vol. 2, 
pa. 32<). 7 ■ 1 • . . 

SCARP, in Fortification, the interior slope of the ditch 
of a place ; that is, the slope of that side of a ditch which 
i» next to the place, or oh the outside 6f the rampart at its 
foot, facing the champaign or open country. The slope 
on thc buter«idc of the ditch is called the Counterscarp. ‘ 

SCENOGRAPHY, in Perspective, the perspective re¬ 
presentation of a body on a plane; or a descnptioh and 
view of it in all its parts and dimensions, pich as it appear* 
to the eye In any oblique view. This differs essentially 
from the ichnography and the orthography. The ichno* 
graphy of a building, See, represents the plan or ground 
work of the building, or section parallel to it; and the 
orthography tho elevation, or front,-or one sidei also in its 
natural dimensions; but the sCenography exhibits^ thto 
whole of the building that appears to the eye, fVont, sides, 
height, and all, not in their real dimensions or extent, but 
raised on the geometrical plan in perspective.—In archi*- 
lecture and fortification, stenography is the manner of do 
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Jineating the several ports of a building or fortress, as they 
are represented in perspective. 

To exhibit the ScEN og RAPIIY of any body. 1. Lay 
down the basis, ground-plot, or plan, of the body, in the 
perspective ichnography, that is, draw the perspective ap¬ 
pearance of the plan or basement, by the proper rules of 
perspective. 2. On the several points ot the said perspec¬ 
tive plan, raise the perspective heights, and connect the 
tops of them by the proper slope or oblique lines. So will 
the scenography of the body be completed, when a proper 
shade is added. See Perspective. 

SCHE1NER (Christopher), a considerable German 
mathematician and astronomer, was born at Mundetlheim 
in Schwuben in 157-3. He entered into the society of the 
Jesuits at 20 years of age ; and afterwards taught the He¬ 
brew tongue and the mathematics at Ingolstadt, Friburg, 
Rrisac, and Koine. At length he became confessor to the 
archduke Charles, and rector of the college of the Jesuits 
at Neissc in Silesia, where he died in 1650, at 75 years . 
of age. 

Schciner was chiefly remarkable for being one of the 
first, though not the very first, who observed the spots in 
the sun with the telescope ; for his observations of those 
spots were first made, at Ingolstadt, in the latter part of 
the year l6ll, whereas Galileo and Harriot both observed 
them in the latter part of the year before, or l6l0. 
Schciner continued his observations on the solar pheno¬ 
mena for many years afterwards at Rome, with great assi¬ 
duity and accuracy, constantly making draw ings of them 
on paper, describing their places, figures, magnitude, revo¬ 
lutions, and periods, so that Riccioli delivered it as his 
opinion that there was little reason to hope for any better 
observations of those spots. Descartes and Hcvclius also 
say, that, in their judgment, nothing can be expected of 
that kind more satisfactory. These observations were pub¬ 
lished in one volume folio, 16*30, under the title of Rosa 
Ursiua, &c ; almost every page of which is adorned with 
an image of the sun with the spots. He wrote also several 
smaller pieces relating to mathematics and philosophy, 
the principal of which are, • 

2. Oculus, sive Fundamcntum Opticum, &c; which 
was reprinted at London, in 1652, in 4to. 

3. Sol Lclipticus, Disquisitioncs Mathematical. 

4. De Controversiis et Novitatibus Astronomicis. 

SCHEME, a draught or representation of any geome¬ 
trical or astronomical figure, of problem, by lines sensible 
to the eye; or of the celestial bodies in their proper 
places for any moment; otherwise culled a diagram. 

Scheme Arches. ‘See Alien. 

SCHOLIUM, a note, remark, or annotation, occasion¬ 
ally made on some passage, proposition, &c. 

The term is much used in geometry, and other parts of 
the mathematics; where, after demonstrating a proposi¬ 
tion, it is used to point out how it might be done some 
other way ; or to give some advice or precaution, in order 
to prevent mistakes; or to add some particular use or 
application of it. 

Wolfius has given abundance of curious and useful arts 
and methods, and a good part of the modern philosophy, 
with the description of mathematical instruments, &c ; all 
by way of scholia to the respective propositions in his Elc- 
menta Mathcseos. 

SCHONER (John), a noted German philosopher nnd 
mathematician, was born at Carolostadt in the year 147 7 f 
and died in 1547, at 70 years of age.—His early proper 
VoL. II. 


sity to those sciences may be deemed a just prognostica¬ 
tion of the great progress which he afterwards made in 
them. From his uncommon acquirements, he was chosen 
mathematical professor at Nuremburg when he was but a 
young man. He wrote a great many works, and w as par¬ 
ticularly celebrated for his astronomical tables, which he 
published after the manner of those of Regiomontanus, 
and to which he gave the title of Resoluta*, on account of 
their clearness. Rut notw ithstanding his great know ledge, 
lie was, after the custom of the times, much addicted to 
judicial a>trolugy, which he took great pains to improve. 
'Flic list of his writings is chiefly as follows: 

1 . Three Rooks of Judicial Astrology. 

2. The Astronomical 'fables named Resolutae. 

3. De Usu Globi Stclliferi; De Compositione G obi 
Codestis; De Usu Globi Tcrrcstris, ct de Compositione 
ejusdem. • 

4. /Equutorium Astronomicum. 

5. Li bell us de Distantiis Locorum per Instrumcntum 
et Numeros Invcsligandis. 

6. De Compositione Torqueti. 

7. In Constructionem et Usum Rcctanguli sive Radii 
Astronomic! Annotationcs. 

8. Horarii Cylindri Canoncs. 

J). Plani$plia?rium, seu Mctcoriscopiuni. 

10 . Organum Uianicum. 

1 1. Instrumcntum Jmpcdimcntorum Luna?. 

All printed at Nuremburg, in folio, 1551. 

Of these, the large-treatise of dialling rendered him 
more known in the learned world than all his other works 
besides; in which he discovers a surprising genius and 
fund of learning of that kind. 

SCHOOL, a place where languages, or arts and sciences, 
&c, are taught. 

School is also used for a whole faculty, university, 
or sect; os Plato’s school, the school of Epicurus, the 
school of Paris, &c. The school of Tiberias was cele¬ 
brated among the ancient Jews ; and it is to this wc owe 
the Massora, and Massoretcs. 

School Philosophy , &c. the same with scholastic. 

SCIIOOTEN (Francis), was a professor of mathe¬ 
matics at Leyden, being a very acute and respectable 
proficient in that science. He published, in 16*4J), an 
edition of Descartes's Geometry, with learned and elabo¬ 
rate annotations on that work, us also those of Rcuumc 
Huddc, and Van Heauralt. Schootcn published also 
two very useful and learned works of his own composi¬ 
tions, viz, 

1. Principia Mathescos Univers. &c, 4to, 16*51. C 

2. Kxcrciutiones Mathematics, 4to, 16*57. 

SCIAGRAPHY, or Sciograpuv, the profile or ver¬ 
tical section of a building; used to show the inside ol it. 

Sci AG RAIMI y, in Astronomy &c, is a term used by 
some authors for the art of finding the hour ol the clay 
or night, by the shadow of the sun, moon, stars, &c. See 
Dial. 

SCIENCE, a clear and certain knowledge of any thing, 
founded on demonstration, or on self-evident principles. 
In this sense, doubting is opposed to science; and opinion 
is the middle between the two. 

Science is more particularly used for a formed system 
of any branch of knowledge, comprehending the doctrine, 
reason, and theory of the thing, without any immediate 
application of it to any uses or offices of life. And in this 
sense, the word is used in opposition to art. 
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Science may be divided into three classes: First, the 
knowledge of things, their constitutions, properties, and 
operations, whether material or immaterial. And this, 
m a little more enlarged sense of the word, may be called 
physics, or natural philosophy. Secondly, the skill of 
rightly applying our own powers and actions for the at¬ 
tainment of good and useful things, as Ethics. Thirdly, 
the doctrine of signs ; us words, logic, &c. 

SCIENTIFIC, or Scientuical, something relating 
to the pure and sublimcr sciences; or that abounds in 
science, or knowledge. A work, or method. See, is said 
to be scicntifical, when it is founded on the pure reason' 
of things, or conducted wholly on the principles of them. 

In which sense the word stands opposed to narrative, ar¬ 
bitrary, opinionativc, posilivc, tentative, Acc. 

SCIOPTIC, or Scioptric Ball, a sphere or globe of 
wood, with a circular hole or perforation, where a lens is 
placed. It is so fitted that, like the eye of an animal, it. 
inav be turned round every way, to be used in making 
experiments of the darkened room, or camera obscura. 
SCIOPTRICS. See Camera Obscura. 

SC 1 OTHER 1CUM Tclacopium, is an horizontal dial, 
adapted with a telescope for observing the true lime both 
by day and night, to regulate and adjust pendulum 
clocks, watches, and other time-keepers. It was invented 
by Mr. Molyneux, who published a book with this title, 
which contains an accurate description of this instrument, 
with all its uses and applications. 

SCLEROTICA, one of the con^hon membranes of the 
eye, on its hinder part. It is a large, thick, firm, hard, 
opaque membrane, extended Irom the external circum¬ 
ference of the cornea to the optic nerve, ami forms much 
of the greater part of the external globe of the eye. The 
sclerotica and the cornea compose the case in which all 
the internal coats of the eye and its humours arc con¬ 
tained. 

SCONCES, small forts, built for the defence of some 
pass, river, or other place. Some sconces are made re 
gulur, of four, five, or six bastions; otlic rs arc of smaller 
dimensions, fit for'passes, or rivers; and others for the 

field. . . 

SCORE, in Music, denotes partition, or the original 
draught of the whole composition, in which the several 
parts, viz, the treble, second treble, bass, Ate, arc distinctly 
scored, and marked. 

SCORPIO, the Scorpion , the 8th sign of the zodiac, 
denoted by the character tri, being a rude design of the 
animal of that name. 

The Greeks, who would be supposed the founders of 
astronomy, and who have, with that intent, applied some 
story or other of their own to every one of the constella¬ 
tions, give a very singular account of the .origin of this 
sign. They tell us that this is the creature which killed 
Orion; and according to them the famous hunter of that 
name boasted to Diana and Latona, that he would destroy 
every animal that was upon the earth ; the earth, they 
say, enraged at this, sj*nt forth the poisonous reptile the 
scorpion, which insignificant creature stung him, that he 
died. Jupiter then raised the scorpion to the heavens, 
giving him this place among the constellations; and that 
afterwards Diana requested of him to do the same honour 
to Orion, which he at last consented to, but placed him 
in such a situation, that when the scorpion rises, he sets. 

But the F.gyptians, or whatover early nation it was that 
framed the zodiac, probably placed this poisonous reptile 
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in that part of the heavens to denote that when the sun 
arrived at it, fevers and sicknesses, the maladies of au¬ 
tumn, would begin to rage. This they represented by an 
animal whose sting was of such a nature as to occasion 
some of them ; and it was thus they formed all the con¬ 
stellations. 

The ancients allotted one of the twelve principal among 
their deities to be the guardian for each of the 12 signs 
of the zodiac. The scorpion, as their history of it made 
it a fierce and fatal animal that had killed the great 
Orion, fell naturally to the protection of the god of war; 
Mars is therefore its tutelary deity; and to this single 
circumstance is owing all that jargon of the astrologers* 
who tell us that there is* a great analogy between the 
planet Mars and the constellation scorpio. To this also 
is owing the doctrine of the alchymists, that iron, which 
they call Mars, is also under the dominion of the same 
constellation, and that the transmutation of that metal 
into gold can only he performed when the sun is in this 
sign. 

Tho stars in scorpio, in Ptolemy’s catalogue, arc 24; 
in that of Tycho 10, in that of Hevclius 20, but in that 
of Flamsteed and Sharp 44. 

Scorpion is also the name of an ancient military en¬ 
gine, used chiefly in the defence of the walls, Arc. Mar- 
ccllinus describes the scorpion, as consisting of two beams 
bound together by ropes; from the middle of which rose 
a third beam, so disposed, as to be pulled up and let 
down at pleasure; and on the top of this were fastened 
iron books, where a sling was hung, either of iron or 
hemp ; and under the third beam lay a piece of hair¬ 
cloth full «f chaff, tied with cords. It had its name Scor¬ 
pio, because when the long beam or tiller was erected, it 
had u sharp top like a sting. 

To use the engine, a round stone was put into the sling, 
and four persons on each side, loosening the beams bound 
by the ropes, drew buck the erect beam to the hook ; then 
the engineer, standing on an eminence, gave a stroke with 
a hammer on the chord to which the beam was fastened 
with its hook, which set it at liberty; so that hitting 
against the soft hair-cloth, it struck out the stone with a 

great force. . . , 

SCOTIA, in Architecture, a semicircular cavity or 

channel between the tores, in the bases of columns; and 
sometimes under the larmier or drip, in the cornice of the 
Doric order. The workmen often call it the casement, 
and it is also otherwise called the Trochilus. • 

SCOTT (Georoe Lewis), a learned and respectable 
member of the llo>al Society, and of the Board of Longi¬ 
tude. He was the oldest son of Mr. Scott of Bristow, m 
Scotland, who married Miss Stewart, daughter of sir 
James Stcwurt, who was lord advocate of Scotland in the 
time of K. William and Q. Anne. That lady was also 
bis cousin-german, their mothers being sisters, and .both 
daughters of Mr. Robert Trail, ono of the minister of 
Edinburgh, of tho same family as the rev. Dr. Wm. 
Trail, the learned author of the Account of the Life and 
Writings of Dr. Rob. Simson, professor of mathematics at 
Glasgow. 

Mr. Scott (the father), with his family, lived many year* 
abroad, in a public character ; and he had three sons 
born while residing at the court of Hanover. The eldest ot 
these was our author George Lewis, named (in both these 
names) after his godfather the Elector, who was after¬ 
wards George tho 1st of Britain. Geo. Lewis Scott was a 
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gentleman of respectable talents and general learning; he 
was well skilled also in all the mathematical sciences; for 
which he manifested at times a tine and critical taste, as 
may he particularly seen in some letters which, in the 
year 1764, passed in a literary correspondence between 
him and Dr. Simson of Glasgow, and inserted in l)r. 
Trail’s Account of the Life and .Writings of Dr. Simson, 
pa. 113, &c. Mr. G. L. Scott was the author of the 
Supplement to Chambers's Dictionary, in 2 large folio 
volumes, which was much esteemed, and for which he re¬ 
ceived 15001. Iroin the booksellers, a considerable price 
at the time ot that publication. Mr. Scott was sub-pre¬ 
ceptor, tor the Latin language, to his present Majesty, 
George the 3d, when Prince of Wales. After that he was 
appointed a commissioner of excise ; a situation which 
bis friends have considered as not adequate to hi$ past de¬ 
serts, and inferior to what he probably would have had, 
but for the freedom of his political opinions. Mr. Scott 
died, the 7th of December, 1780 . 

SCREW, one of the six mechanical powers; chiefly 
used in pressing bodies close, though sometimes also in 
raising weights. 

'1 he screw is a spiral thread or groove cut round a cy¬ 
linder, and everywhere making the same angle with the 
length of it. So that, if the surface of the cylinder, with 
this spiral thread upon it, were unfolded and stretched 
into a plane, the spiral thread would form a straight in¬ 
clined plane, whose length would be to its height, as the 
circumference of the cylinder is to the distance between 
two threads of the screw ; as is evident by considering, 
that in making one round, the spiral rises along the cy¬ 
linder the distance between the two threads. 

Hence the threads of a screw may be traced upon the 
smooth surface ot a cylinder thus : cut a sheet of paper 
into the form of a right-angled triangle, having its base to 
its height in the above proportion, viz, as the circum¬ 
ference of the cylinder of the ►screw is to the intended 
distance between two threads; then wrap this paper tri¬ 
angle about the cylinder, and the hypothcnusc of it will 
trace out the line of the spiral thread. 

When the spiral thread, is upon the outside of a cylin¬ 
der* the screw is said to be a inale or convex one. But 
ii the thread be cut along the inner surface of a hollow 
cylinder, or a. round perforation, it is said to be femule or 
concave. And this latter is also* sometimes called .the 
box or nut. 

When motion is to be given to something, the male and 
female screw arc necessarily conjoined ; that is, whenever 
the screw is to be used as a simple engine, or mechanical 
power. But when joined with an axis in peritrochio, there 
is no occasion for a female screw; but in that case it be¬ 
comes part of a compound engine. 

The screw cannot properly be called a simple machine, 
because it is never used without the application of a lever, 
orwinch, to assist in turning it. 

Of the Force and Power qf the Screw. 

1- The force of a power applied to turn a screw round, 
is to the force with which it presses upwards or down¬ 
wards, setting aside the friction, as the distance between 
two threads, is to the circumference where the power is 
applied.—For, the screw being only an inolined plane, or 
half wedge, whose height is the distance between two 
threads, and its hose the said circumference ;. and the 
force.in the horizontal direction being to that in the ver¬ 
tical one av the lines perpendicular to them, via, a* the 


height of the plane, or distance of the two threads, is to 
the base ot the plane, or circumference at the place 
where the power is applied ; therefore the power is to the 
pressure, as the distance of t\<o threads, is to that cir¬ 
cumference. 

Or the same may be otherwise shown tints. Since the 
momentum which any power generates, is t qual to the 
momentum of that power ; therefore the momentum of 
the screw, is equal to the momentum of the force ap¬ 
plied to move it ; which last is measured l>v the space 
passed over by the power in a given ti me. But this space 
is the circumference of a circle of which the lever is the 
radius, while the space passed over by the screw, in the 
same time, is only equal to the breadth of the threads, 
therefore the force or power of the screw, is to the power 
applied to move it, as the space passed over by the screw, 
to the space passed over by the power; that is, a* the 
breadth of the threads to the circumference where the 
power is applied. 

2 . Hence, when the screw is put in motion; then the 
power is to the weight which would keep it in cquilibrio, 
as the velocity of the latter is to that of the former. 
And hence their two momenta arc equal, which are pro¬ 
duced by multiplying each weight or power by its own 
velocity- Two 'different forms of screw-presses, arc as 
below. 
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3. Hence we can easily compute the force of any ma¬ 
chine turned l>y a screw. Let the annexed figure repre¬ 
sent a press driven .by a screw, whose threads arc each 
a quarter of on inch asunder; and let the screw be turn¬ 
ed by a handle of 4 feet long from c to d ; then if the 
natural force of a man, by \yhich he can lift, or pull, 
or draw, he 150 pounds ; and it be required to determine 
with what force the screw will press on the board, when 
the man turns the handle at c and D with his whole force: 
the diameter cn of the power being 4 feet,.or 48 inches, 
its circumference is 48 x 3-1416 or 150$ nearly; and the 
distance of the threads being $ of an inch; therefore the 
power is to the pressure, as } to 150$, or us 1 to 603$: 
but the power is equal to 150lb; therefore as 
1 : 603$ : : 150 : 90+80 ; and consequently the*pressure 
at the bottom of the screw, is equal to a weight of 
90 +vS 0 pounds, independent of friction. 

But the power has to overcome,'"not only the weight, or 
other resistance, but also the friction of the screw, which 
in this machine is very great, in’some cases equal to the 
weight itself, since it is sometimes sufficient to sustain the 
weight when the power is taken off. 

Mr. Hunter has described a new method of applying the 
screw with advantage in particular cases, in the Philos. 
Trans, vol. 71, pa; 58 &c. A brief account of which mky 
also be seen in Gregory’s Mechanics, vol. 1 , p a . 99 . 1 
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The Endless Screw, or Perpetual Screw, is one which 
works in, and turns, a dented wheel df, without a concave 
screw ; bcin *4 so called because it may be turned lor ever, 
without coming to an end. From the following figures it 
is evident, that while the screw turns once round, the 
wheel only advances the distance of one tooth. 



1. If the power applied to the lever, or handle, of an 
endless screw a b, be to the weight, in a ratio compounded 
of the periphery of the axis of the wheel eii, to the pe¬ 
riphery described by the power in turning.the handle, 
and of the revolutions of the wheel df to the revolutions 
of the screw cb, the power will balance the weight. 
Hence, 

2. As the motion of the wheel is very slow, a small 
power may raise a very great weight, by means of an end¬ 
less screw. And therefore the chief use of such a screw 
is, cither where a great weight is to be raised through a 
small space ; or where only a slow gentle motion is 
wanted. For which reason it is very useful in clocks 
and watches. 

3. Having given the number of teeth, the distance of 

the power from the centre of the screw n, the radius of 
the aSis he, and the power; to find the weight it will raise. 
Multiply the distance of the power from the centre of the 
screw ab, by the number of the teeth, and the product 
will be the space passed through by the power, while the 
weight passes through a space equal to the periphery of 
the axis : then say, us the radius of the axis is to the space 
of the power just found, so is the power to a 4th propor¬ 
tional, which will be the weight the power is able to sus¬ 
tain. Thus, if ab = 3, the radius of the axis he = 1, 
the power 150 pounds, and the number of teeth of the 
wheel df 48; then the weight will be found = 21600 
= 3 x 150 x 48. Whence it appears that the endless 
screw exceeds all others in increasing the force of a 
power. , . 

Again, if the endless 3 Crcw ab be turned by the handle 
ac of 20 inches, the threads of the screw being each \ an 
inch distant; and the screw turns a toothed wheel e, whose 
pinion l turns another wheel f, and pinion m of this 
another wheel o, to the pinion or barrel of which is hung 
a weight w ; it is required to determine what weight a man 
will be able to raise, with this machine, working at the 
handle c ; supposing the diameters of the wheel to be 18 
inches, and those of the pinion and barrel 2 inches; the 
teeth and pinions being all of a size; and the man sup¬ 
posed, as in the former case, to be able to lift 150lbs, by 
iiis natural strength. 

Here 20 x 3*1416 x 2 = 125'6fi4, is the circumfe¬ 
rence of the power. 

$nd 125*064 : f, or 251*328 : 1, is the force of the 
screw alone. 
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Also 18 : 2, or 9 : 1, being the pro¬ 
portion of wheels to the pinions, and 
as there are three of them, therefore 
9 3 : l 3 or 729 : 1 is the power gained 
by the wheels. Plate 38, 

Consequently (251 -328 x 729 ) : 1 fig. 5. 

or 183218 : 1 nearly, i* the ratio of 
the power to the weight, arising from 
the advantage both of the screw and 
the wheels. Hence 150 x 183218 

= 27482700 lbs, is tbe weight which the man may 
sustain. 

This must, however, only be considered as theoretical; 
for in practice the friction, which is very great, must of 
course enter into consideration. 

4. A machine for showing the power of the screw may 
be contrived in the following manner. Let the wheel c 
(last fig. former column), have a screw ab on its axis, 
working in the teeth of the wheel D, which suppose to be 
48 in number. It is plain that for every revolution of the 
wheel c, and screw ab> by the winch a, the wheel d will 
be moved one tooth by the screw ; and therefore in 4S re¬ 
volutions of the winch, the wheel D will be turned once 
round. Then if the ciicumfcroncc of a circle, described 
by the handle of the winch, be equal to the circumfer¬ 
ence of a groove e round the wheel d, the velocity of the 
handle will be 48 times as great as the velocity of any 
given point in the groove. Consequently when a line g 
goes round the groove e, and has a weight of 48lb hung 
to it below the pedestal ef, a power equal to one pound 
at the handle will balance and support the weight. 

Archimedes 9 s Screw, is a spiral pump,, being a machine 
for raising water, first invented by Jiim. Its structure and 
use will be understood by the following description of it. 
a bcd (PI. 28, fig. 6) is a wheel, which is turned round, 
according to the order of those letters, by the fall of water 
ef, which need not be more than 3 feet. The axis o of 
the wheel is raised so as to make an angle ol about 44° 
with the horizon; and on the top of that axle is a. wheel 
11 , which turns such another wheel 1 of the same number 
of teeth ; the axle k of this last wheel being.parallel to 
the axle g of the two former wheels. The axle o is cut 
into a double threaded screw, as in the annexed figure 
(fig. 7), exactly resembling the screw on the axis of the 
fiy of a common,jack, which must be what is called a 
right-handed screw, if the first wheel turns in the direction 
a bcd; but a left-handed screw, if the stream turns the 
wheel the contrary way ; and the screw on the axle G 
.must be cut in a contrary way to that on the axle k, be¬ 
cause these axles turn in contrary directions. These 
screws must be covered close ovci; yvith boards, like those 
of a cylindrical cask ; and then they will be spiral tubes. 
Or they may be made of tubes or pipes of lead, and wrapt 
round the axles in shallow grooves cut in it* as in figure 8. 
The lower end of the axle g turns constantly in the stream 
that turns the Wheel, and the lower ends of the spiral tubes 
arc open into the water. So that, as the wheel and axle 
are turned round, the water rises in the spiral tubes, and 
runs out at l through the holes M, N, ns they come about 
below the axlo. These holes, of which there may be any 
number, as 4 or 6, are in a broad close ring on the top 
of the axle, into which ring the water is delivered from 
the upper open ends of the screw tubes, and tails into the 
open box n. The lower end of the axle k turns on a 
gudgeon in the water in y ; and the spiral tubes in that 
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axle take up the water from n, and deliver it into another 
such box under the top of k ; on which there may bo 
such another wheel as i, to turn a third axle by such a 
wheel upon it. And in this manner may water be raised 
to any proposed height, when there is a stream sufficient 
for that purpose to act on the broad float boards of the 
first wheel. Archimedes's screw, or a still simpler form 
of it, is also represented in fig. 9 . 

SCROLLS, or Scrowls, or Volutes , a term in Archi¬ 
tecture. Sec Volutes. 

SCRUPLE, the least of the weights used by the an¬ 
cients. Among the Romans it was the 24th part of an 
ounce, or the third part of a drachm. * 

Scruple is still a small weight among us, equal to 20 
grains, or the 3d part of a drachm. Among goldsmiths 
the scruple is 24 grains. 

Scruple, in Chronology, a small portion of time much 
used by the Chaldeans, Jews, Arabs, and other eastern 
people, in computations of time. It is the 1080th part of 
an hour, and by, the Hebrews called Hclakin. 

Scruples, in Astronomy. As 

Scruples Eclipsed , denote that part of the moons 
diameter which enters the shadow, expressed in the same 
measure in which the apparent diameter of the moon is 
expressed. See Digit. 

Scruples of Half Duration , an arch of the moon's 
orbit, described by her from the beginning of an eclipse 
to its middle. 

Sc ru ples of Immersion , or Incidence, an arch of the 
moon's orbit, which her centre describes from the begin¬ 
ning of the eclipse, to the time when the centre falls into 
the shadow. See Immersion. 

Scruples of Emersion , an arch of the moon’s orbit, 
which her centre describes in the time from the first emer¬ 
sion of the moon’s limb, to the end of the eclipse. 

SEA, in Geography, is frequently used for that vast 
tract of water encompassing the whole earth, more pro¬ 
perly called ocean. But 

Sea is more properly used for a particular part or di¬ 
vision of the ocean, denominated from the countries it 
washes, or from other circumstances. Thus we say, the 
Irish sea, the Mediterranean sea, the Baltic sea, the Red 
sea, &c. 

Sea among sailors is variously applied, to a single wave, 
or to the agitation produced by a multitude of waves in a 
tempest, or to their particular progress and direction. 

1 Thus they say, a heavy sea broke over our quarter, or we 
shipped a heavy sea; there is a great aca in the offing; the 
sea sets to the southward. Hence a ship is said to head 
the sea, when her course is opposed to the setting or di¬ 
rection of the surges* A Long Sea implies a steady and 
uniform motion of long and extensive waves. On the con¬ 
trary, a Short Sea is when they run irregularly, broken, 
and interrupted, so as frequently to burst over a vessel's 
side or quarter. 

Properties and Affections of the Sea. 

1 . General Motion of the Sea . M. Dassie of Paris, in a 
work long since published, has been at great pains to prove 
that the sea has a general motion, independent of winds 
and tides, and of more consequence in navigation than is 
usual!)' supposed. He affirms that this motion is from 
east to west, inclining toward the north when the sun is 
on the north side of the equinoctial, but toward the south 
when be is on the south side of it. Philos. Trans. 
No. 135. 


2. Bason or Bottom of the Sea y or Fundus Maris, a 
term used to express the bed or bottom of the sea in ge¬ 
neral. Mr. Boyle lias published a treatise on this subject, 
in which he has given an account of its irregularities and 
various depths, founded on the observations communicated 
to him by mariners. 

Count Marsigli lias, since Boyle’s time, given a more 
accurate account of this part of (he globe. The materials 
which compose the bottom of the.sea, may reasonably bo 
supposed, in some degree, to influence the taste of its 
waters ; and this author has made many experiments to 
prove that fossil coal, and other bituminous substances, 
which are found in plenty at the bottom of the sea, may 
conunuuicatc in a great measure its bitterness to it. 

It is a general rule among sailors, and is found to hold 
true in many instances, that the more the shores of any 
place are steep and high, forming perpendicular cliffs, the 
deeper the sea is below ; and that on the contrary, level 
shores denote shallow seas. Thus the deepest part of the 
Mediterranean is generally allowed to be under the height 
of Malta. And the observation of the strata of earth and 
other fossils, on and near the shores, may serve to form 
a good judgment as to the materials to be found in its 
bottom. For the veins of salt and of bitumen doubtless 
run on the same, and in the same order, as we see them 
at land ; and the strata of rocks that serve to support the 
earth of hills and elevated places on shore, serve also, in 
the same continued chain, to support the immense quan¬ 
tity of water in the bason of the sea. 

'Flic coral fisheries have given occasion to observe that 
there are many, and those very large caverns or hollows 
in the bottom of the sea, especially where it is rocky ; and 
the same caverns are sometimes found in the perpendicu¬ 
lar rocks which form the steep sides of those fisheries. 
These caverns are often of great depth, as well as extent, 
and have sometimes wide mouths, and soinetinTts only 
narrow entrances into large and spacious hollows. 

The bottom of the sea is covered with a variety of mat¬ 
ters, such as could not be imagined by any but those who 
have examined into it, especially in deep water, where 
the surface only is disturbed by tides and storms, the lower 
part, and consequently its bed at the bottom, remaining 
for ages perhaps undisturbed. The soundings, when the 
plummet first touches the ground on approaching the 
shores, give some idea of this. The bottom of the plum¬ 
met is hollowed, and in that hollow there is placed a lump 
of tallow ; which being the part that first touches the 
ground, the soft nature of the fat receives into it some 
part of those substances which it meets with at the bottom: 
this matter, thus brought up, is sometimes pure sand, 
sometimes a kind of sand made of the fragments of shells, 
beaten to a kind of powder, sometimes it is made ofa like 
powder of the several sorts of corals, and sometimes it is 
composed of fragments of rocks ; but besides these appear¬ 
ances, which arc natural enough, and arc what might well 
be expected, it brings up substances which are of the 
most beautiful colours. Marsigli Hist. Phys. dc la Mer. 

Dr. Donati, in an Italian work, containing an essay 
towards a natural history of the Adriatic sea, printed at 
Venice in 1750, has related many curious observations on 
this subject, and which confirm the observations of Mar¬ 
sigli. Having carefully examined the soil and produc¬ 
tions of the varfous countries that surround the Adriatic 
sea, and compared them wjth those which he took up 
from the bottom of the sea; he found that there is very 
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little difference between the former and the latter. At 
• he bottom of the water there arc mountains, plains, val¬ 
leys, and caverns, similar to those upon land. The soil 
consists of different strata placed one upon another, and 
mostly parallel and correspondent to those of the rocks, 
islands, and neighbouring continents. They contain 
stones ot different kinds, minerals, metals, various putre¬ 
fied bodies, pumice stones, and lavas formed by volcanos. 

(.)ne ot the objects which most excited his attention, 
was a crust, which he discovered under the water, com¬ 
posed of crustaccous and testaceous bodies, and beds of 
polypes ot different kinds, confusedly blended with earth, 
sand, and gravel; the different marine bodies which form 
this crust, arc found at the depth of a foot or more, en¬ 
tirely petrified and reduced into marble; these lie sup¬ 
poses are naturally placed under the sea when it covers 
them, and not by means of volcanos and earthquakes, as 
some have conjectured. On this account he imagines lhat 
the bottom ot the sea is constantly rising higher and higher, 
with which other obvious causes of increase concur; and 
from this rising of the bottom of the sea, that of its level 
or surface naturally results ; in proof of which tnis writer 
cites a great number of facts, Philos. Trans, vol. 49, 
pa. 585. 

3. Luminousucss of the Sea. This is a phenomenon that 
has been noticed by many nautical and philosophical wri¬ 
ters. Mr. Hoyle ascribes it to some cosmical law or 
custom of the terrestrial globe, or at least of the plane¬ 
tary vortex. 

lather Bourses, in his voyage to the Indies, in 1704, 
took particular notice of this phenomenon, and very mi¬ 
nutely describes it, without assigning the true cause. 

The Abbe Nollct was long of opinion, that the light of 
the sea proceeded from electricity; and others have hud 
recourse to the same principle, and shown that the lumi¬ 
nous points in the surface of the sea are produced merely 
by friction. 

1'hcre are however two other hypotheses, which have 
been advanced to account for this phenomenon ; the one 
ol these ascribes it to the shining of luminous insects or 
animalcules, ami the other to the light proceeding from 
the putrefaction of animal substances. The Abbe Nollct, 
who at lirst considered this luminousness as an electrical 
phenomenon, having had an opportunity of observing the 
circumstances of it, when he wus at Venice in 1749. relin¬ 
quished his former opinion, and concluded that it was 
occasioned either by the luminous aspect, or by some li¬ 
quor or effluvia of an insect which he particularly de¬ 
scribes, though he docs not altogether exclude other 
causes, and especially the spawn or fry of lish. 

The same hypothesis had also occurred to M. Vianclli; 
and both lie and Grizcllini, a physician in Venice, have 
given (Irawings of the insects from which they imagined 
this light to proceed. 

A similar conjecture is proposed by a correspondent of 
Dr. franklin, in a letter read at the Royal Sociply in 
1756.;. the writer of which apprehends, that this appear¬ 
ance may be caused by a groat number of little animals, 
floating on the surface of the sea. And Mr. Forster, in 
his account of a voyage round the world with captain 
Cook, in the years 1772, 3, 4, and 5, describes this phe¬ 
nomenon as a kind of blaze of the sea; and, having at¬ 
tentively examined some of the shining wnter, expresses 
his conviction that the appearance was occasioned by in¬ 
numerable minute animals of a rouud shape, moving 


through the water in all directions, which appear sepa 
rutcly as so many luminous sparks when taken up on the 
hand : he imagines that these small gelatinous luminous 
specks may be the young fry of certain species of some 
medusa;, or blubber. And M. Dagelat and M. Ri«nud 
observed several times, and in di tie rent parts of the ocean, 
sucli luminous appearances by vast masses of different 
animalcules; and a few days after the sea was covered, 
near the coasts, with whole banks of small fish in innu¬ 
merable multitudes, which they supposed had proceeded 
from the shining animalcules. 

But M. le Roi, after giving much attention to this phe¬ 
nomenon, concludes that it is not occasioned by any shin¬ 
ing insects, especially as, after carefully examining with 
a microscope some of the luminous points, he found them 
to have no appearance of an animal ; and lie also found 
lhat the mixture of a little spirit of wine with water just 
drawn from the sea, would give the appearance of a great 
number of little sparks, which would continue visible 
longer than those in the ocean : the same effect was pro¬ 
duced by all the acids, and various other liquors. M. le 
Roi is far from asserting thut there arc no luminous in¬ 
sects in the sea ; for he allows that several gentlemen have 
found them ; but he is satisfied that the sea is luminous 
chiefly on some other account, though lie does not so 
much as offer a conjecture with respect to the true cause. 

Other authors, equally dissatisfied with the hypothesis 
of luminous insects, for explaining the phenomenon which 
is the subject of this article, have ascribed it to some 
substance of the phosphoric kind, arising from putrefac¬ 
tion. The observations of F. Bourzes, above referred to, 
render it very probable, that the luminousness of the $en 
arises from slimy and other putrescent matter, with which 
it abounds, though he does not mention the tendency to 
putrefaction, as a circumstance of any consequence to 
the appearance. But the experiments of Mr. Canton, 
which have the advantage of being easily made, seem to 
leave no room to doubt that the luminousness of tho sea 
is chiefly owing to putrefaction. And his experiments 
confirm an observation of Sir John Pringle’s, that the 
quantity of salt contained in sea wnter hastens putrefac¬ 
tion ; but since that precise quantity of salt’which pro¬ 
motes putrefaction the most, is less than that which is 
found in sea water, it is probable, Mr. Canton observes, 
thut if flic sea were less salt, it would be more luminous. 
See Philos. Trans, vol. 59, pa. 446, and Franklin’s Exper, 
and Oliserv. pa. 274. 

. 4. Of the Depth of the Sea , its Surface, Sfc. 

What proportion the superficies of the sea bears to that 
of the land, is not accurately knowt^ though it is said to 
be somewhat more than two to one. This ratio of the 
surface of the sea to the land, has been found by experi¬ 
ment thus: taking the printed paper map or covering of" 
a terrestrial globe, with a pair of scissors clip out the 
parts that arc land, and those that aVe water; then 
weighing.these parts separately in a pair of fine scales, the 
land is found to be near $, and the water rather more 
than -J. of the whole. 

With regard to the profundity or depth, of the sea, Va- 
renius affirms, that it is in someplace) unfathomable, and 
in others very various, being in certain places-from ^th 
of a mile to 4} miles in depth, in other places deeper, 
but much less in bays than in oceans.. In general, the 
depths of the sea bear a great analogy to the height of 
mountains on the land, so far as is hitherto discovered. 
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There is very good reason why the sea does not increase 
by means of livers, 6 c c, running every where into it; viz, 
because the vapours raised from the sea, and falling in 
rain upon the land, only cause a circulation of the water, 
but no increase of it. It has been found by calculations, 
founded on experiments, that in a summers day, there 
may be raised in vapours from the surface of the Medi¬ 
terranean sea* 528 millions of tuns of water; and yet this 
sea does not, from all its nine great rivers, receive more 
than 183 millions of tuns per day, which is but about a 
third part of what is exhausted in vapours ; and this defect 
in the supply by the rivers, may serve to account for the 
continual influx of a'current by the mouth or straits at 
Gibraltar. Indeed it is rather probable, that the waters 
of the sea suffer a continual slow decrease as to their 
quantity, by sinking always deeper into the earth, by fil¬ 
tering through the fissures in the strata and component 
parts; as also by the slow increase and raising of the 
earth's surface. 

SEASONS, certain portions or quarters' of the year, 
distinguished by the signs which the sun then enters* at 
those periods. 

The year is divided into four seasons, spring, summer, 
autumn, winter, which take their beginnings when the 
sun enters the first point of the signs Aries, Cancer, Libra, 
Capricorn. 

The seasons arc well illustrated by fig. 1, plate x; 
where the candle at I represents the sun in the centre, 
about which the earth moves in the ecliptic abcd, which 
cuts the equinoctial abed in the two equinoxes e and g. 
When the earth is in these two points, it is evident that 
the sun equally illuminates both the poles, and makes the 
days and nights equal in all parts of the earth. But while 
the earth moves from G by c to the upper or north 
pole becomes more and more enlightened, the days be¬ 
come longer, and the nights shorter; so that when the 
earth is at V, or the suu at es, our days urc at the 
longest, as at midsummer. While the earth moves from 
V by d to e, our days continually decrease, by the 
north pole gradually declining from the sun, till at e or 
autumn they become equal to the nights, or 12 hours 
long. Again, while the earth moves from e by a to r, 
the north pole beomes always more and more involved in 
darkness, and the days become shorter and shorter, till at 
f or 22, when it is midwinter to the inhabitants of the 
northern sphere. Lastly, while the earth moves from *3 
by b to g, the north parts emerge more out of dark¬ 
ness, and the days grow continually longer, till at o the 
two poles are equally enlightened, and the days equal to 
the nights aggin. And so on continually year after year. 

SECANT, in Geometry, a line that cuts another, whe¬ 
ther right or curved : Thus the line pa 
or pd, &c, is a secant of the circle 
a bd, because of their cutting it in the 
point f, or g, &c. Properties of such 
secants to the circle arc as follow: 

1. Of several secants pa^ pb, pd, 

&c, drawn from the same point p, that 
which passes through the centre c is 
the greatest; and from thence they de¬ 
crease more and more as they recede 
farther from the centre; viz, pb less than pa, and pd less 
than pb, and so on, till they arrive at the tangent at b, 
which is the limit of all the secants. 

2. Of these secants, the external parts Fir, pg, fh> &c, 



are in the reverse order, increasing continually from r to 
e, the greater secant having tlie less external part, and in 
such proportion, that any secant and its external part are 
reciprocals, or the whole is reciprocally as its external 
part, and consequently that the rectangle of every secant 
and its external part is equal to a const ant quantity, mz, 
the square of a tangent. 'I hus, 

PA : 7T : : PB : TT : : PD : — & c > 

r* ro in 9 


Or PA x PE = PB X PG = PD x PM =: PE*. 

3. 1 he tangent PE is a mean proportional between any 
secant and its external part; as between pa and pf, or 
pb and pg, or pd and ph, 6c c. 

4. 1 he angle dpii, formed by two secants, is measured 
by hall the difference of its intercepted arcs DC and on. 

Secant, in Trigonometry, denotes a right line drawn 
trom thecentieof a circle, and, cutting the circumference, 
proceeds till it meets with a tangent to the same circle. 
Thus, the line cd, drawn from the 
centre c, till it meets the tangent 

bd, is called a secant ; and parti¬ 
cularly the secant of the arc be, to 
which bd is a tangent. In like 
manner, by producing dc to meet 
the tangent Ad in d, then erf, equal 
to cd, is the seCant of the arch ae, 
which is the supplement of the arch 

be. So that an arch and its sup¬ 
plement have their secants equal, 
only the latter one is negative to the former, being drawn 
the contrary way. And thus the secants in the 2d and 
3d quadrant arc negative, while tho>c in tfie 1st and 4th 
quadrants are positive. 

.The secant ci of the arc ff, which is the complement 
of the former arc be, is called the Cosecant of be, or the 
secant of its complement. The cosecants in the 1st and 
2d quadrants arc affirmative, but in the 3d and 4th nega¬ 
tive. 

The secant of an arc is reciprocally as the cosine, and 
the cosecant reciprocally as the sine; or the rectangle of 
the secant and cosine, and the rectangle of the cosecant 
and sine, arc each equal to the square of the radius. 

For cd : ce : : cb : ch, or s : r : : r : c, 
and ci : ce : : cf : ck. Or <r : r : : r : 5; 
and consequently r* = cs = sc; where #• denotes the ra¬ 
dius, s the sine, c the cosine, s the secant, and c the cose¬ 
cant. 



Some of the most useful trigonometrical formula?, into 
which the secants and cosecants enter, arc the following. 

_ // o . t\ ^ F.Uin cot.tan 

bee = tan*) = — = 


= r \Z(r* + cot*) 


cos 


tin 

r.cosre 


cos 


cot 

Un. cowc 


am. cot 
•in . cow 

cos 


cot 

r. rotcc 


^(cosec*— r M ) 

The secant of the sum or difference of any two arcs o 
and b may be expressed as follows: 
c * ■ f \ r - * rc O. ««c /» 

Sec (a ± b) = - 


Cosec (a ± b) — 


jp tan a. tan y 
cqbcc a. co arc 5 


cot If -J~ coi a 

The secants of tho-multiple arcs arc exhibited in the 
following formulae: 

Sec O' = sec a 

Sec!!3 = r^fer 
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See 3a = 
Sec 4 a = 


See 5 a = 
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See. See . 


Or generally sec wn = 


see °a 
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n —5 


4 n — 


1 . 2 . 2 * 


ice. a 


n (fi — 4 ) fn —5) r D 7 


sec. 6 


&c.) 


1 . 2 . 1 . 2 ° 

Also, an Arc a, to the radius r, being given, the secant 
s, and cosecant c, and their logarithms, or the logarith¬ 
mic secant and cosecant, may be expressed in infinite 
series, as follows, viz, 


s = r 4- - 


bn 


2 r 


a 


a 

~6 


24 r* 
7c/' 


6la° 

-r -4 

7‘2or* 

31/i* 


277a" 


8064r' 


= &C. 


127a 7 


36Ur' 


log. S r= r/i x ( 


// 


log. (T = - /o", 


-f- m x 


12 


151 20 r* 


45 


604800T* 

17a rt p v 
&C.) 


See. 


2 520 


180 


2835 


37800 


&c) 




where rn is the modulus of the system of logarithms. 

bee a nts, Figure of. See Figure of Secants . 

Sf.cants, Line of. Sec Sector, and Scale. 

SECOND, in Geometry, or Astronomy, &c, the 6'Oth 
part of a prime or minute : either in the division of cir¬ 
cles, or in the measure of time. A degree, or an hour, 
arc each divided into fiO minutes, marked thus'; a mi¬ 
nute is subdivided into 6*0 seconds, marked thus a se¬ 
cond into 60 thirds, marked thus &c. 

We sometimes say a second minute, a third minute, 
See, but more usually only second, third, See. 

The seconds pendulum, or pendulum that vibrates se¬ 
conds, in the latitude of London, is 39J inches long. 

SECONDARY Circles of the Ecliptic , arc circles of 
longitude of the stars ; or circles which, passing through 
the poles of the ecliptic, are at right angles to it. 

By means of these secondary circles, all points in the 
heavens are referred to the ecliptic; that is, any star, 
planet, or other phenomenon, is understood to be in that 
point of the ecliptic, which is cut by the secondary circle 
that passes through such star, &c. 

If two stars be thus referred to the same point of the 
ecliptic, they are said to be in conjunction ; if in oppo¬ 
site points, they are in opposition ; if they arc referred to 
two points at a quadrant’s distance, they are said to be 
in a quartile aspect, if the points differ a 6th part of the 
ecliptic, they are in sextile aspect, See. 

In general, all circles that intersect one of the six 
greater circles of the sphere at right angles, may be called 
secondary circles. As the azimuth or vertical circles in 
respect of the horizon,&c } the meridian in respect of the 
equator, &c. 

Second Any Planets } or Satellites , are those moving 
round other planets as the centres of their motion, and 
along with them round the sun. 

SECTION, in Geometry, denotes the intersection of 
two planes, or the surface made by a body's being cut by 
a plane, See. 

The common section of two planes is alwgys a right 
line: being the line supposed to be drawn by one plane in 
its cutting or entering the other. If a sphere be cut in 
any manner by a plane, the figure of the section will be a 



circle; also the common intersection of the surfaces of 
two spheres, is the circumference of a circle; and^the 
two common sections of the surfaces of a right cone and 
a sphere, are the circumferences of circles if the, axis of 
the cone pass through the centre of the sphere, otherwise 
not; moreover, of the two common sections of a sphere 
and a cone, whether right or oblique, if the one be a cir-* 
cle the other will be a circle also, otherwise not. See my 
Tracts, vol. 1, tract 13, prop. 7, 8, 9- 

The sections of a cone by a plane, are five; viz, a 
triangle, circle, ellipse, hyperbola, and parabola. See 
each of these terms, as also Conic Section. 

Sections of buildings and bodies, St c, arc either verti¬ 
cal, or horizontal, &c. The 

Angular Sections, is a term given by Vieta to the 
analytical investigation of the law of increase, or de¬ 
crease, of the sines and chords of multiple and submul- 
tiplc arcs. Y'icta first published this ingenious theory in 
1579. with his Canon Mathematicus, which is nothing 
more thun a table of sines constructed according to this 
principle. He there shows that, if in the semicircle 
BCD &c, there be taken 
any number of equal 

arcs, BD, DE, EF, FG, 

Sec; and if we make 
the radius equal to 1, 
and ad = x, wc shall 
have the scries of sup¬ 
plementary chords ad, , 
ae, af, &c; which, according to the modern method of 
expression, will be represented as follows: 

ab = 2 

ad — x 

AE = X* — 2 • ... . 

AF = x* — 3x 

AG = X 4 — 4x* 2 

AH = x* — 5i 3 5x 

A 1 = x 8 — 6x* ■+■ J)x* — 2 

AK = X 7 — 7x 5 + 14x J — 7x. 

&c. 

Vieta has also pointed out the law of this progression, 
by which it may be continued to infinity; thnt of tho 
powers and signs is evident; and as to the co-efficients, 
he observes that, the coefficients of the second' column 
ore the scries of natural numbers, beginning at 2; those 
of the third columns arc triangular numbers, beginning, 
at 2, instead of 1, as in tho common form of thosc-num- 
bers; thnt is, 2, (2-+-3), (2-+-S-4-4), (2-t-3-+-4-+-5), &c: 
in the fourth column, they aro the pyradical num¬ 
bers,. &c. 

The ratio of the chords themselves as bd, be, be, &c, 
Vieta has also shown may be expressed in the following 
manner, by calling the first chord x, and radius = 1, as 
before, then the 

2d chord ----- 2 x % 

3*1 ------ Sx x 3 . 

4th. 2 4x* — x* 

5th - - - - - 5x — 5X 3 -f- **, See. 
Tho law of the progression being the same as in tho 
former case. ' ' 

Various other curious and useful formulm nnd obser¬ 
vations, on the doctrine of angular sections, may be seen 
in the work above alluded to, nnd in the Opuscula of 
Oughtred, first published in 1667* 

Vertical Section, or simply tbo Section, of a build- 
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ing, denotes its profile, or a delineation of its heights and 
depths raised on the plan; as if the fabric had been cut 
asunder by a vertical plane, to discover the inside. And 

Horizontal Section is the ichnography or ground plan, 
or a section parallel to the horizon. 

. Section of a Ratio , or Proportional Section, one of 
the last works of Apollonius, in 2 books, restored by 
Snell, in 1607, and by Halley, in 1706, 8vo. 

Section of a Space, another of the last works of Apol¬ 
lonius, in 2 books, restored by Snell in 1607. 

Section, Determinate . See Determinate Section . 

SECTOR, of a Circle, is a portion of the circle com¬ 
prehended between two radii and their included arc. 
Thus, the figure abc, contained be¬ 
tween the two radii ac and bc, and 
the arc ab, is a sector of the circle. 

The sector of a circle, as a bc, is 
equal to a triangle, whose base is the 
arc ab, and its altitude the radius ac 
or bc. And therefore the radius be¬ 
ing drawn into the arc, half the product gives the area. 

Similar Sectors, are those which have equal angles 
included between their radii. These are to each other 
as the squares of their bounding arcs, or as their whole 
circles. 

Sector also denotes a mathematical instrument, which 
is of great use in geometry, trigonometry, surveying, &c f 
in measuring and laying down and finding proportional 
quantities of the same kind: as, between lines and lines, 
surfaces and surfaces, Sec : whence it was called the Com¬ 
pass of Proportion, by the French and the Germans, &c. 

The great advantage of the sector above the common 
scales, &c, is, that it is adapted to all radii, and all scales. 
By the lines of chords, sines, &c, on the sector, wc have 
lines of chords, sines, &c, to any radius between the 
length and breadth of the sector when open. 

The sector is founded on the 4th proposition of the 6th 
book of Euclid; where it is demonstrated, that similar 
triangles have their like sides proportional. An idea of 
the theory of its construction may be conceived thus. 
T,ct the lines ab, ac represent the legs of the sector; and 
ad, ae, two equal sections from the centre: then if the 
points bc and de bc connected, the ^ ^ r 
lines bc and de will be parallel ; \ / 

therefore the triangles abc, ade will \ 
bc similar, and consequently the sides 
ab, nc, ad, de proportional, that is, 
as ab : bc :: ad :: de; so that if 
Ad bc the half, 3d, or 4th part of a b, 
then DE will be a half, 3d, or 4th 
part of bc : and the same holds of all the rest. Iiencc, 
if de be the chord, sine or tangent, of any arc, or of 
any number of degrees, to the radius ad, then bc will Lc 
the same to the radius ab. 

The sector, it is supposed, was the invention of Guido 
Baldo or Ubaldo, about the year 1568. The first print¬ 
ed account of it was in 1584, by Gaspar Mordcntc at 
Antwerp, who indeed says that his brother Fabricius 
Mordente invented it, in the year 1554. It was next 
treated of by Daniel Speckle, at Strasburgh, in 1589; 
after that by Dr. Thomas Hood, at London, in 1598; 
then by Lewin Hulsc, at Frankfort on the Maine, 1603, 
who says it was invented long before by Justus Byrgius, 
an engineer in the service of the Landgrave of Hesse. But 
that honour was claimed, and even contended for, by 

VoL. II. 



Galileo and by Balthasar Capra of Milan. The former 
published a Tract on that useful instrument in 1607 ; 
and it doubtless received improvements from him, as 
well as from our countrymen Gunter, Foster, and others. 
See Wolfii Elem. Math. torn. 5 , pa. 49; also Saverien 
Diction, art. Compass, and Cunn on the Sector, published 
by Stone, Preface. It was treated on afterwards by many 
other writers on practical geometry, in all the nations of 
Europe. 

Description of the Sector. This instrument consists 
of two rules or legs, the longer the better, made of box, 
or ivory, or brass, &c, representing the radii, moveable 
round un axis or joint, the middle of which represents 
the centre ; from whence several scales arc drawn on the 
faces. Sec the fig. 1, plate xxxii. 

The scale* usually set upon sectors, may bc distinguish¬ 
ed into single and double. The single scales arc such as 
are set upon plane scales : the double scales arc those 
which proceed from the centre ; each of these being laid 
twice on the same face of the instrument, viz, once on each 
leg. From these scales, dimensions or distances are to be 
taken, when the legs of the instrument are set in an an¬ 
gular position. 

The scales set upon the best sectors arc 

Inches, each divided into 8 and 10 parts, 
Decimals, containing 100 parts. 
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sector, is best seen in the figure. 

The scales of lines, chords, sines, tangents, rhumbs, 
latitudes, hours, longitude, inch merid. may be used, with 
the instrument cither shut or open, each of these scales 
being contained on one of the legs only. The scales of 
Inches, decimals, log. numbers, log. sines, log. versed 
sines, and log. tangents, are to bc used with the sector 
quite open, with the two rulers or legs stretched out in the 
same direction, part of each scale lying on both legs. 

The double scales of lines, chords, sines, and lower tan¬ 
gents, or tangents under 45°, arc all of the same radius 
or length; they begin at the centre of the instrument, 
and are terminated near the other extremity of each leg ; 
viz, the lines at the division 10, the chords at 6 0, the 
sines at 90, and the tangents at 45 ; the remainder of the 
tangents, or those above 45°, are on other scales begin¬ 
ning at { of the length of the former, counted from the 
centre, where they arc marked with 45, and run to about 
76 degrees. 

3 R 
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The secants also begin at the same distance from the 
centre, where they are marked with 10, and are from 
thence continued to as many degrees as the length of the 
sector will allow, which is about 7-3°. 

The angles made by the double scales of lines, of 
chords, ol sines, and of tangents to 45 degrees, are always 
equal. And the angles made by the scales of upper tan¬ 
gents, and of secants, are also equal. 

The scales of polygons are set near the inner edge of the 
legs; and .where these scales begin, they are marked with 
4, and from thence arc figured backwards;or towards the 
centre, to 12. 

From this disposition of the double scales, it is plain, 
that those angles that are equal to each other while the 
legs of the sector were close, will still continue to be equal, 
though the sector he opened to any distance. 

The scale of inches is laid close to the edge ol the 
sector, and sometimes on the very edge; it contains as 
many inches ns the instrument will receive when opened ; 
each inch being usually divided into 8, and also into 10 
equal parts. The decimal scale lies next to this: it is ol 
the length of the sector when opened, and is divided into 
10 equal parts, or primary divisions, and each of these 
into 10 other equal parts; so that the whole is divided 
into 100 equal parts: and by this decimal scale, all the 
other scales, that are taken from tables, may be laid down. 
The scales of chords, rhumbs, sings, tangents, houts, &c, 
arc such as are described under Plane Scale. 

The scale of logarithmic or artificial numbers, called 
Gunter’s scale, or Gunter’s line, is a scale expressing the 
logarithms of common numbers, taken in their natural 
order. 

The. construction of the double scale w ill be evident by 
inspecting the instrument. As to the scale of polygons, 
it usually comprehends the sides of the polygons from 6 
to 12 sides inclusive : the divisions are laid down by 
taking the lengths of the chorda-of the angles at the centre 
of each polygon, and laying them down from the centre 
of the instrument. When the polygons of 4 and 5 sides 
are also introduced, this line is constructed from a scale 
of chords, where the length of })0° is equal to that of 60° 
of the double scale of chords on the sector. 

In describing the use of the sector, the terms lateral 
distance and transverse distance often occur, lly the former 
is meant the distance taken with the compasses on one 
of the scales only, beginning at the centre of the sector ; 
and by the latter, the distance taken between any two 
corresponding divisions of the scales of the same name, 
the legs of the sector being in an angular position. 

Uses qf the Sector. 

. Of the Line of Lines . 'I bis is useful, to divide a given 
line into any number of equal parts, or in any propor¬ 
tion, or to make scales of equal parts, or to find 3d and 
4th proportionals, or mean proportionals, or to increase 
or decrease a given line in any proportion. Ex. 1. To di¬ 
vide a given line into any number of equal parts, as sup¬ 
pose J) : make the length of the given line a transverse 
distance to 9 and 9* the number of parts proposed; .then 
will the transverse distance of 1 and 1 be one 61 the equal 
parts, or' the 9th part of the whole; and the trunsverse 
distance of 2 and 2 will be 2 of the equal parts, or £ of 
the whole line; and so on. 2. Again* to divide a given 
line into any number of parts that shall be in any as¬ 
signed proportion, as suppose three parts, in the propor¬ 
tion of 2, 3, and 4. 'Make .the given line a transverse 
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distance to 9, the sum of the proposed numbers 2, 3, 4; 
then the transverse distances of jhesc numbers severally 
will be the parts required. 

Of the Scale of C/tords. 1. To open the sector to any 
angle, as suppose 50 degrees: lake the distance from tho 
joint, or centre, to 50 on the chords, the number of de¬ 
grees proposed ; then open the sector till the transverse 
distance from 60 to 6*0/ on each leg, be equal to the said 
lateral distance qf 50; so shall the scale of chords make 
the proposed angle of 50 degrees.—By the converse of 
this operation, may be known the angle the sector is 
opened to; viz, taking the transverse distance of 60, and 
applying it laterally from the joint. 

2. To protract or lay down an angle of any given 
number of degrees. At any opening of the sector, take 
the transverse distance of 60°, with which extent describe 
an arc ; then take the transverse distance of the number 
of degrees proposed, and apply it to that arc ; and through 
the extremities of this distance on the arc draw two lines 
from the centre, and they will form the angle as proposed. 
When the angle exceeds 6*0°, lay it off at twice or thrice. 
—By the converse operation any angle may be mea¬ 
sured ; viz, With any radius describe an arc from the 
angular point; set that radius transversely from 60 to 
6*0; then take the distance of the intercepted arc, ftnd 
apply it transversely to the chords, which will show the 
degrees in the given angle. 

Of the Line qf Polygons. 1. In a given circle to inscribe 
a regular polygon, for example an octagon. Open the 
legs of the sector till the transverse distance from 6’ to 6 
be equal to the radius of the circle ; then will the trans¬ 
verse distance of 8 and 8 be the side of the inscribed oc¬ 
tagon 2. Upon a line given to describe a regular polygon. 
Make the given line a transverse dis. to 5 and 5; and at 
tiiut opening of the sector take the transverse distance of 
6 and 6*; with which as a rudius, from the extremities of 
the given line describe arcs to intersect eacli other, and 
this intersection will be the centre of a circle in which the 
proposed polygon may be inscribed; then from that centre 
describe the said circle through the extremities of the 
given line, and apply this line continually round the cir¬ 
cumference, for the several angular points of the polygon. 
3. On.a given fight line as a base, to describe an isosceles 
triangle, having the angles at the base double the angle at 
the vertex. Open the sector till the length of the given 
line fall transversely on 10 and 10 on each leg; then take 
the transverse distance to 6 and 6, and it will be the 
length of each of the equal sides of the triangle. 

Of the Sines , Tangents , and Secants. By the several 
lines disposed on the sector, we have scales of several 
radii. So that, 1. Having a length or radius given, not 
exceeding the length of the sector when opened, we can 
find the chord, sine, &c, to the same : for ex. suppose the 
chord, sine, or tungent of 20 degrees to a radius of 3 
inches be required. Mako 3 inches the opening or trans¬ 
verse distance to 60 and 60 on the chprds; then will the 
same extent reach from 45 to 45 on the tangents, and 
from 90 to 90 on the sines ; so that to whatever radius 
the line of chords is set, to the same are all tho others set 
also. In this disposition therefore, if the transverse di¬ 
stance between 20 unit 20 on the chords be taken with tho 
compasses, it will give the chord of 20 degrees; and if 
the transverse of 20 and 20 be in like manner taken on 
the sines, it will be the sine of 20 degrees; and lastly, if 
the transverse distance of 20 and 20 be taken on the tan- 
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jents, it will be the tangent of 20 degrees, to the same 
radius.—2. If the chord or tangent of 70 degrees were 
required. For the chord, the transverse distance of half 
the arc, viz 35, must be taken, as before; which distance 
taken twice gives the chord of 70 degrees. To find the 
tangent of 70 degrees, to the same radius, the scale of 
upper tangents must be used, the under one only reaching 
to 45 : making therefore 3 inches the transverse distance 
to 45 and 45 at the beginning of that scale, the extent 
between 70 aiu5 70 degrees on the same, will be the tan¬ 
gent of 70 degrees to 3 inches radius.—3. To find the 
secant of an arc; make the given radius the transverse 
distance between 0 and 0 on the secants; then will the 
transverse distance of 20 and 20, or 70 and 70, give the 
secant of 20 or 70 degrees.—4. If the radius, and any 
line representing a sine, tangent, or secant, be given, the 
degrees corresponding to that line may be found by set¬ 
ting the sector to the given radius, according as a sine, 
tangent, or secant is concerned ; then taking the given 
line between the compasses, and applying the two feet 
transversely to the proper scale, and sliding the feet along 
till they both rest on like divisions on both legs ; then the 
divisions will show the degrees and parts corresponding to 
the given line. 

Use of (he Sector in Trigonometry , or in working any other 

proportions . 

By means of the double scales, which arc the parts 
more peculiar to the sector, all proportions arc worked 
by the property of similar triangles, making the sides pro¬ 
portional to the bases, that is, on the sector, the lateral 
distances proportional to the transverse ones; thus, taking 
the distance of the first term, and applying it to the 2d, 
then the distance of the 3d term, properly applied, will 
give the 4th term : observing that the sides of triangles 
are taken off the line of numbers laterally, and the angles 
arc taken transversely, off the sines or tangents or secants, 
according to the nature of flic proportion. For example, 
in a plane triangle a bc, given two sides and an angle op¬ 
posite to one of them, to find the 
rest; viz, given ab = 56, AC = 64 
and Zn = 46° 30', to find bc and 
the angles a and c. In this case, the 
sides arc proportional to the sines of 
their opposite angles; hence these 
proportions, 

as ac (64) : sin. Z B (46° 30 f ) : : ab (56) : sin. 4C, and r 
as sin. n : ac : : sin. a : : bc* 

Therefore, to work these proportions by the sector, take 
the lateral distance of 64 = ac from the lines, and open 
the sector to make this a transverse distance of 46^ 30' = 
Z b, on the sines ; then take the lateral distance of 56 = 
ad on the lines, and apply it transversely on the sines, 
which will give 39° 24/ = 4c.' Hence, the sum of the 
angles n and c, which is 85° 54', taken from 180°, leaves 
94 0 6' = Z a. Then, to work the 2d proportion, the 
sector remaining set at the same opening as before, take 
the transverse distance of 94 ° 6' = 4a, on the sines, or, 
which is the same thing, the transverse distance of its sup¬ 
plement 85° 54/; then this applied laterally to the lines, 
gives 88 = the side bc sought. 

For the complete history of the sector, with its more 
ample and particular construction and uses, see the In¬ 
troduction to Robertson's Treatise of such Mathematical 
Instruments, as are usually put into a Portable Case. 

Sector qf a Sphere, is the solid generated by the revo¬ 


lution of the sector of a circle about one of its radii; the 
other radius describing the surface of a cone, and the cir¬ 
cular aic a circular porlion of the surface of the sphere of 
the same radius. So that the spherical sector consists of 
a right cone, and of a segment of the sphere having the 
same common base with the cone. And hence the solid 
content of it will be found by multiplying the base or 
spherical surface by the radius of the sphere, and taking a 
3d part of the product. 

Sector of an Eclipse , or of an Hyperbola, &c, is a part 
resembling the circular sector, being contained bv three 
lines, two of which are radii, or lines drawn from the 
centre of the figure to the curve, and the intercepted arc 
or part of that curve. 

Astronomical Sector, an instrument invented by Mr. 
George Graham, for finding the difference in light ascen¬ 
sion and declination between two objects, w hose distance 
is too great to* be observed through a fixed telescope, by 
means of a micrometer. This instrument (fig. 2, pi. 32,) 
consists of a brass plate, called the sector, formed like a 
t, having the shank CD, as a radius, about 24 feet long, 
and 2 inches broad at the end d, and an inch and a half 
ate; and the cross-piece ad, as an arch, about 6 inches 
long, and one und a half broad ; upon which, with a ra¬ 
dius of 30 inches, is described an arch of 10 degrees, each 
degree being divided in as many parts as are convenient. 
Round a small cylinder c, containing the centre of this 
arch, and fixed in the shank, moves a plate of brass, to 
which is attached a telescope CE, having its line of colli- 
matinn parallel to the plane of the sector, and passing 
over the centre c of the arch ad, and the index of a Ver¬ 
nier's dividing plate, whose length, being equal to 16 quar¬ 
ters of a degree, is divided into 15 equal parts, fixed to 
the eye end of the telescope, and made to slide along the 
arch; which motion is performed by a long screw, o, at 
the back of the arch, communicating with the Vernier 
through a slit cut in the brass, parallel to the divided arch. 
Round the centre f of a circular brass plate abc f of 5 
inches diameter, moves a brass cross klmn, having the 
opposite ends o und l* of one bar turned up perpendicu¬ 
larly about 3 inches, to serve as supporters to the sector, 
and screwed to the back of its radius; so that the plane 
of tfi e sector is parallel to the plane of the circular plate, 
and can revolve round the centre of that plate in this pa¬ 
rallel position. A square iron axis hip, 18 inches long, 
is screwed fiat to the hack of the circular plate along one 
of its diameters, so that the uxis is parallel to the plane of 
the sector. 'I he whole instrument is supported on a 
proper pedestal, so that the suit! axis shall be parallel to 
the earth's axis, and proper contrivances arc annexed to 
fix it in any position. The instrument, thus supported, 
can revolve round its axis in, parallel to the earth's axis, 
with a motion like that of the stars, the plane of the sector 
being always parallel to the plane of some hour-circle, 
and consequently every point of the telescope describing 
a parallel of declination; and if the sector be turned 
round the joint r of the circular plate, its graduated arch 
may bc brought parallel to an hour-circlc; and conse¬ 
quently any two stars, whose difference of declination does 
not exceed the degrees in that arch, will passover it. 

To observe their passage, direct the telescope to the 
preceding scar, and fix ihe plane of the sector a little to 
the westward of it; move the telescope by the screw c f 
and observe at the transit of each over die cross wires the 
time shown by the clock, and also the division upon tbs 
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arch ad, shown by the index; then is the difference of 
the arches the difference of the declination; and that of 
the times shows the difference of the right ascension of 
those stars. For a more particular description of this 
instrument, see Smith's Optics, book iii, chap. y. 

SECULAR Equations, or Century Equations, in Astro¬ 
nomy, are corrections required to compensate such ine¬ 
qualities, in the celestial motions, as occur in the course 
of a century or 100 years. Thus, there are secular in¬ 
equalities in the moon's motion, which require for their 
correction as many distinct secular equations. For which, 
sec the books on astronomy. 

Secular Year, the same with Jubilee. 

SECUNDANS, an infinite series of numbers, begin¬ 
ning from nothing, and proceeding according to the 
squares of numbers in arithmetical progression, as 0, 1,4, 
9, 16, 25, 36, 49,64, &c. 

SEEING, the act of perceiving objects by the organ 
of sight; or the sense we have of external objects by 
means of the eye. 

For the apparatus, or diposition of the parts necessary 
to seeing, see Eye. And for the manner in which seeing 
is performed, and the laws of it, see Vision. 

Our best anatomists differ greatly as to the cause why 
we do not see double with the two eyes. Galen, and others 
after him, ascribe it to a coalition, or decussation, of the 
optic nerve, behind the os sphcnoidcs. But whether they 
decussate or coalesce, or only barely touch one another, 
is not well agreed on.—The Bartholines and Vesalius say 
expressly, they arc united by a perfect confusion of their 
substance ; Dr. Gibson allows them to be united by the 
closest conjunction, but not by a confusion of their fibres. 
—Albazeri, an Arabian philosopher of the 12th century, 
accounts for single vision by two eyes, by supposing that 
when two corresponding parts of the retina are affected, 
the mind perceives but one image. 

Descartes and others account for the effect another way ; 
viz, by supposing that the fibrillin constituting the medul¬ 
lary part of those nerves, being spread in the retina of each 
eye, have each of them corresponding parts in the brain, 
so that when any of those fibrilla; are struck by any part 
of an image, the corresponding parts of the brain are 
affected by it. Somewhat like which is the opinion of 
Dr. Briggs, who takes the optic nerves of each eye to con¬ 
sist of homologous fibres, having their rise in the thalamus 
nervorum opticorum, and being thence continued to both 
the retime, which are composed of them ; and further, 
that those fabrillte have the same parallelism, tension, &c, 
in both eyes; consequently when an image is painted on 
the same corresponding sympathizing parts of each retina, 
the same effects are produced, the same notice carried to 
the thulamus, and so imparted to the mind. Hence it is, 
that double vision ensues upon an interruption of.thc pa¬ 
rallelism of the eyes ; as when one eye is depressed by the 
finger, or their symphony is interrupted by disease: but 
Dr. Briggs maintains, that it is hut in few subjects there is 
any decussation ; and in none any conjunction more than 
mere contact; though his notion is by no means consonant 
to facts, and it is attended with many improbable circum¬ 
stances. 

It was the opinion of Sir Isaac Newton, and of many 
others, that objects appear single, because the two optic 
nerves unite before they reach the brain. But Dr. Por¬ 
terfield shows, from the observation of several anatomists, 
that the optic nerves do not mix or confound their sub¬ 


stance, being only united by a close cohesion; and objects 
have appeared single, where the optic nerves were found 
to he disjoined. To account lor this phenomenon, this 
ingenious writer supposes, that, by an original law in our 
natures, we imagine an object to be situated somewhere 
in a right line drawn from the picture of it upon the re¬ 
tina, through the centre of the pupil; consequently the 
same object appearing to both ryes to he in the same place, 
we cannot distinguish it into two. In answer to an ob¬ 
jection to this hypothesis, from objects appearing double 
when one eye is distorted, he says, the mind mistakes the 
position of the eye, imagining, that it had moved in a 
manner corresponding tv the other, in which case the con¬ 
clusion would have been just: in this he seems to have re¬ 
course to the power ol habit, though he disclaims that hy¬ 
pothesis. This principle however has been thought suffi¬ 
cient to account for this appearance. 

Originally, every object making two pictures, one in 
each eye, is imagined to be double; but, by degrees, wc 
find that when two corresponding parts of the retina are 
impressed, the object is hut one ; hut if those correspond¬ 
ing parts he changed by the distortion of one of the eyes, 
the object must again appear double as at the first. This 
seems to be verified by Mr. Chcscldcn, who informs us, 
that a gentleman, who, from a blow on his head, had one 
eye distorted, found every object to appear double, hut by 
degrees the most familiar ones came to appear single again, 
and in time all objects did so without amendment of the 
distortion. A similar case is mentioned by Dr. Smith.— 
On the other hand, Dr. Reid is of opinion, that the cor¬ 
respondence of the centres of two eyes, on which single 
vision depends, does not arise from custom, but from some 
natural constitution of the eye, and of the wind. M. du 
Tour adopts an opinion, long before suggested by Gassendi, 
that the eye attends to no more than the image made in 
one eye at a time; in support of which, he produces se¬ 
veral curious experiments ; but as M. Bo fibn observes, it 
is it sufficient ans\yer to this hypothesis, that we sec more 
distinctly with two eyes than with one; and that when a 
round object is near us, we plainly sec more of the surface 
in one case than in the other. 

With respect to single vision with two eyes, l)r. Hart¬ 
ley observes, that it deserves particular attention, that the 
optic nerves of man, and such other animals as look the 
same way with both eyes, unite in the sella turrica in a 
ganglion, or little brnin, as it may be Called, peculiar to 
themselves, and that the associations between synchronous 
impressions on the two retinas, must he ’made sooner and 
ccipentcd stronger on this account; also that they ought 
to have a much greater power over one another's image, 
than in any other part of the body. And thus an impres¬ 
sion made on the right eye alone by a single object, pro¬ 
pagates itself into the left, and there raises up an imago 
almost equal in vividness to itself; and, consequently, 
when wc see with one eye only, we may however have 
pictures in both eyes. 

It is a common observation, says Dr. Smith, that ob¬ 
jects seen with both eyes appear more vivid and stronger 
than they do to a single eye, especially when both of them 
arc equally good. Porterfield on the Eye, vol. ii, pa. 285, 
315. Smith's Optics, Remarks, pa. 31. Reid's Inquiry, 
pa. 267. Mem. Prescntcs, pn. 514. Acad. Par. 1747. 
Mem. Pr. 334. Hartley on Man, vol. i, pa. 207- Priest¬ 
ley's Hist, of Light and Colours, pa. 663, &c. 

Whence it is that wc see objects erect, when it is ccr- 
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tain that the images thereof arc painted invcrtcdly on the 
retina, is another difficulty in the theory of seeing. Des¬ 
cartes accounts lor it hence, that the notice which the 
>uul takes of the object, does not depend on any image, 
nor any action coining from the object, but merely on the 
situation of the minute parts of the brain, whence the 
nerves arise ; ex. gr. the situation of a capillanunt brain, 
which occasions the soul to see all those places lying in a 
right line with it- 

But Mr. Molyncux gives another account of this mat¬ 
ter. The eye, lie observes, is only the organ, or instru¬ 
ment; it the soul that sees. To enquire then, how the 
soul perceives the object erect by an inverted image, is to 
enquire into the soul’s faculties. Again, imagine that the 
eye receives an impulse on its lower part, by a ray from the 
upper part ol an object; must not the visivc faculty be hereby 
directed to consider this stroke as coming from the top, 
rather than the bottom of the object, and consequently be 
determined to conclude it the representation of the top ? 

On these principles, we arc to consider, that inverted 
is only a relative term, and that there is a very great dif¬ 
ference between the real object, and the means or image 
by which we perceive it. When all the parts of a distant 
prospect are painted on the retina (supposing that to be 
the seat of vision), they arc all right with respect to one 
another, as well as the parts of the prospect itself; and 
we can only judge of an object being inverted, when it is 
turned reverse to its natural position with respect to other 
objects which wc see and compare it with. 

The eye or visivc faculty (says Molyncux) takes no 
notice of the internal surface of its own parts, but uses 
them as an instrument only, contrived by nature for the 
exercise of such a faculty. If we lay hold of an upright 
stick hi the dark, wc can tell which is the upper or lower 
parted it, by moving our hand upward ordownward; and 
very well know that wc cannot feel the upper end by mov¬ 
ing our hand downward. Just so, wc find by experience 
and habit, that by directing our eyes towards a tall object, 
we cannot see its top by turning oUr eyes downward, nor 
its foot by turning our eyes upward; but must trace the 
object the same way by the eye to see it from head to foot, 
as wc do by the hand to feel it ; and as the judgment is 
informed by the motion of the hand in one case, so it is 
also by tlie motion of the eye in the other. 

Molyneux's Dioptr. pa. 105, &c. Musschenbrock's 
Int. ad Phil. Nat. veil, ii, pa. 762. Ferguson's Lectures, 
pa. 132. See Visible, Vision, 6cc. 

SEGMENT, in Geometry, is a part cut off the top of 
a figure by a line or plane ; and the part remaining at the 
bottom, after the segment is cut off, is called a frustum, 
or a zone. So, a 

Segment of a CtrcU 9 is a part of the circle cut off by 
a chord, or a portion comprehended by an arch and its 
chord ; and may be cither greater or less than a semicircle. 
Thus the portion ABC a is a segment less than a semi¬ 
circle ; and a dca a segment greater. 

The angle formed by lines drawn, 
from the extremities of a chord to 
meet in any point of the arc, is 
. called an angle in the segment. So 
the angle abc is an angle in the seg¬ 
ment abc a ; and the angle a DC, an 
angle in the segment a dca. 

Also the angle b is said to be the 
angle upon the segment a DC, and d 
the angle on the segment abc. 


The angle which the chord ac makrs with a tangent ef, 
is called the angle of a segment ; and it is equal to the 
angle in the alternate or supple mental segment, or equal 
to the supplement ol the angle in the same segment. So 
the angle ace is the angle of the segment abc, and is equal 
to the angle a DC, or to the supplement of the angle b; 
also the angle acp is the angle of the segment a dc, and is 
equal to the angle b, or to the supplement of the angle d. 

The area of a segment abc, is evidently equal to the 
difference between the sector oabc ot the same arc, and 
the triangle oac on the same chord ; the triangle being 
subtracted from the sector, to give the segment when less 
than a semicircle; but to be added when greater. Sec 
more rules for the segment in my Mensuration, pa. &c, 
4th edition. 

Similar Segments, are those that have their chords 
directly proportional to their radii or diameters, or that 
have similar arcs, or such as contain the same number of 
degrees. 

Segment of a Sphere , is a part cut off by a plane. 

The base of a segment is always a circle. And the con¬ 
vex surfaces of different segments, of the same sphere, are 
to each other as their alticudes, or versed sines. And as 
the whole convex surface of the sphere is equal to 4 of its 
great circles, or 4 circles of the same diameter; so the 
surface of any segment, is equal to 4 circles on a diame¬ 
ter equal to the chord of hall the arc of the segment. So 
that if d denote the diameter of the sphere, or the chord 
of half the circumference, and c the chord of half the arc 
of any other segment, also a the altitude or versed sine ot 
the same; then, 

3’ i41 6d * is the surface of the whole sphere, and 
3*I4I(>V\ or 3’14-l bad, the surface of the segment. 

For the solid content of a segment, there are two rules 
usually given ; viz, I. To 3 times the square of the radius 
of its base, udd the square of its height ; multiply the sum 
by the height, and the product by *5236. Or, 2dly, From 
3 times the diameter of the sphere, subtract twice the 
height of the frustum ; multiply the remainder by the 
square of the height, and the product by # 52J6. That 
is, in symbols, the solid content is either 
= ‘5236a x (3r* a 1 ), or = - 5236a x x (3d — 2a) ; 

where a is the altitude of the segment, r the radius of its 
base, and d the diameter of the whole sphere. 

Line of Segments, are two particular lines, so called, 
on Gunter’s sector. They lie between the lines of sines 
und superficies, and are numbered with 5, 6, 7, 8, 9, 10. 
They represent the diameter of a circle, so divided into 
100 parts, that a right line drawn through those parts, 
and perpendicular to the diameter, shall cut the circle 
into two segments, the greater of which will have the 
same proportion to the whole circle, as the parts cut off 
have to 100. 

SELENOGRAPHY, the description and representa¬ 
tion of the moon, with all the parts and appearances of 
her disc or face; as geography does those of the earth. 
Since the invention of the telescope, selenography is very 
much improved. We have now distinct names for most of 
the supposed regions, seas, lakes, mountains, &c, visible 
in the moon's body. Hcvelius, a celebrated astronomer 
of Dantzic, and who published the first selenography, 
named the several places ol the moon from those of the 
earth. But lliccioli afterwards called them by the names 
of the most celebrated astronomers and philosophers. 
Thu what the one calls INlons Porphyrites, the other 
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calls Aristarchus; what ihc'onc calls j*Etna, Sinai, Athos, 
Apcnninus, Ac, the other calls Copernicus, Posidonius, 
Tycho, (vus'cndus, &.c.—M. Cassini lias published a work 
called Instructions Sdeniques, and Has published the best 
map of the moon. 

SELEUCIDAL, in Chronology, the era of the Seleuci- 
da\ or the Syro-Macedonian era, which is a computation 
ot time, commencing from the establishment of the Scluii- 
cida\ a race of Greek kings, who reigned as successors of 
Alexander the Great, in Syria, as the Ptolemies Hid in 
Egy pt. According to the best accounts, the lirst year of 
this era falls in the year 31 1 before Christ, a \vhich was 12 
years alter the. deatli of Alexander. 

SELL, in Building, is of two kinds, viz, Ground-Sell, 
which denotes the lowest piece of timber in a wooden 
building, and that upon which the whole superstructure is 
raised. And sell of a window, or of a door, which is the 
bottom piece in the frame of them, upon w hich they rest. 

SEMICIRCLE, in Geometry, is half a circle, or a fi¬ 
gure compiehended between the diameter of a circle, and 
half the circumference. 

Semicircle is also an instrument in Surveying, some¬ 
times called the Graphomotor. It consists of a semicir¬ 
cular limb or arch, as fig (fig. 3, pi. 32) divided into ISO 
degrees, and sometimes subdivided diagonally or otherwise 
into minutes. 'Phis limb is subtended by a diameter re., 
having two sights erected at its extremities. In the centre 
of the semicircle, or the middle of the diameter, is fixed 
a box and needle; and on the- same centre an ali¬ 
dade, or moveable index, carrying two other sights, as if, 
i : the whole being set on a stall, with a ball and socket, 

&c. . # X 

Hence it appears, that the semicircle is nothing but linlf 
a theodolite ; with this only difference, that whereas the 
limb of the theodolite, being an entire circle, takes in all 
the 3t>0° successively.; while in the semicircle the degrees 
only going from 1 to 180, it is usual to have the remaining 
180 °, or those from 180 ° to 360°, graduated in another 
line on the limb within the former. 

To take an Angle with a Semicircle .—Place the instru¬ 
ment in such manner, as that the radius cg may hang 
over one leg ot the angle to be measured, with the centre 
c over the vertex of the same. The first is done by look¬ 
ing through the sights f and o, at the extremities of the 
‘diameter, to a mark fixed up in one extremity of the leg ; 
and the latter is had by letting fall a plummet from the 
centre of the instrument. This done, turn the moveable 
index in on its centre towards the other leg of the angle, 
till, through the sights fixed in it, you see a mark in the 
extremity of the leg. Then the degree which the index 
cuts on the limb, is the quantity or measure of the angle. 
Other uses are the same as in the theodolite. 

SLMICUBICAL Para¬ 
bola, a curve of the 2d or¬ 
der, of such a nature that the 
cubes of the ordinates arc 
proportional to the squares of 
the abscisses, its equation 
being ay 1 = x 3 . This curve, 
a mot, is one of Newton’s five 
diverging parabolas, boing his 
70th species; having a cusp at its vertex at a. It is 
otherwise named the Ncilian parabola, from the name of 
the author who first Heated of it, or squared it. 

The area of the space a pm, is =^ry = t ^ap x pm, 
or of the circumscribing rectangle. 


5 E M 

The content of the solid generated by the revolution of 
the space a pm about the axis ap, is ipry 2 = *7854 ap x 
pm', or i of the circumscribing cylinder. And a circle 
equal to tbc surface of that solid may be found from the 
quadrature of an hyperbolic space. 

Also the lengtli ot any arc am of the curve may be 
easily obtained from the quadrature of a space contained 
under part of the curve ol the common parabola, two se- 
mioidinates to the axis, and the part of the axis contained 
between them. 

, This curve may be described by a continued motion, 
via, by fastening the angle of a square in the vertex of a 
common parabola; und then carrying the intersection of 
one side of this square and a long ruler (which ruler al¬ 
ways moves perpendicularly to the axis of the parabola) 
along the curve of that parabola. For the intersection of 
the ruler, and the other side of the square will describe a 
semicubical parabola. Maclaurin performs this without 
a common parabola, in his Gcometria Organicu. 

SEMIDIAMETER, the Radius, or half-diameter of a 
circle or sphere, is a line drawn from the centre to the 
circumference. And in any curve that has diameters and 
a centre, it is the radius, or half-diameter, or a line drawn 
from the centre to some point in the curve. 

The distances, diameters, &c, of the heavenly bodies, 
arc usually estimated by astronomers in scmidiametOrs of 
the earth ; the number of which terrestrial semicliamc- 
ters, contained in that of each of those planets, is as below. 


The Earth - 

Stmiiliam. 

1 

Juno 

Scmidiam. 

• • 

The Sun 

- 11135 

Pallas - 

_ _ 

The Moon - 

- 0-27 

Ceres 

- . • 

Mercury 

0-38 

Jupiter 

- - 11-81 

Venus - - 

115 

Saturn 

- - 977 

Mars - - 

0-65 

Uranus 

- - 4S2 


Vesta - - - - 

SEMI DIAPASON, in Music, a defective or imperfect 
octave ; or an octave diminished by a lesser semitone, or 
4 commas., 

SEMIDIAPENTE, in Music, a defective or imperfect 
fifth, called usually by the Italians, falsa quinta, and by us 
a false fifth. 

SEMIDIATESSARON, in Music, a defective fourth, 
called also a false fourth. 

SEMIDIATONE, in Music, is the lesser third, having 
its terms as 6 to 5. * 

SEMIOllDINATES, in Geometry, the halves of the 
ordinates or applicates, being the lines applied between the 
absciss and the curve. 

SEMIPARABOLA, &c,in the higher geometry,a curve 
defined by the equation ax n ~ l = y n ; as ax 1 , sey 3 , or 
ax 3 = y4, &c. In semi parabolas,y n : t> n : : ox*- 1 : at*~ % : : 
x*" 1 : z 0 - 1 ; or the powers of the semiordinates are as the 
powers of the abscisses one degree lower: for instance, in 
cubical semiparabolas, the cubes of the ordinates are as the 
squares of the abscisses ; that is,y 3 ,: u 3 : : x 1 : x\ 

SEMIQUADRATE, or Semiquartii.r, is an aspect 
of the planets, when distant from each other one sign and 
a half, or 45 degrees. 

SEMIQUAVER, in Music, the half of a quaver. 

SEMIQUINTILE, is an aspect of the planets when dis¬ 
tant Rom each other the half of a 5th of the circle, or by 
36 degrees. 

SEMISEXTILE, an aspect of two planets, when they 
are distant from each other, 30 degrees, or the half of a 



SER 


S E M 


[ 376 ] 


sex tile, which is 2 signs or 60°. The semisextile is marked 

s. 

SEMITONE, in Music, a half tone or half note, one 
of the degrees or intervals of concords. 1 here arc three 
decrees, or less intervals, by which a sound can move up¬ 
wards and downwards, successively from one extreme ol 
any concord,to the other, and yet produce true melody. 
These degrees are the greater tone, the less tone, and the 
semitone. T he ratios defining these intervals.are these, 
viz, the greater tone 8 to 9, the less tone y to 10, and the 
semitone 15 to 10’. Its compass is 5 commas, and it has 
its name from being nearly half a whole, though it is really 
• somewhat more. 

There arc several species of semitones; but those that 
usually occur in practice are of two kinds, distinguished 
by the addition of greater and less. The first is expressed 
by the ratio of 16’ to 15, or '• alH * 1 * IC sccon d by 25 to 
24, or The octave contains 10 semitones major, and 

2 dieses, nearly, or 17 semitones minor, nearly; for the 
measure of the octave being expressed by the log. 100 , 000 , 
the semitone major will be measured by ' - 0,09311, 

and the semitone minor by - - 0,05889- 

These two differ by a whole enharmonic diesis; which is 
an interval practicable by the voice. It was much in use 
among the ancients, and is not unknown among modern 
practitioners. Euler Tedt..Nov. Theor. Mus. pa. 107- 
See Interval. 

These semitones are called fictitious notes; and, with 
respect to the natural ones, they are expressed by cha¬ 
racters called flats and sharps. T he use of them is to re¬ 
medy the defects of instruments* which, having their 
sounds fixed, cannot always be made to answer to the dia¬ 
tonic scale. Iiy means of these, we have a new kind ol 
scale, called the 

SEMITONIC Scale , or the Scale of Semitones , which is 
a scale or system of music, consisting of 12 degrees, or 13 
.notes, in the octave, being an improvement on the natural 
or diatonic scale, by inserting between each two notes of 
it, another note, which divides the interval or tone into two 
unequal parts, called semitones. 

The use of this scale is for instruments that have fixed 
sounds, as the organ, harpsichord, &c, which are exceed¬ 
ingly defective on the foot of the natural or diatonic scale. 
For the degrees of the scale being unequal, from every 
note to its octavi/there is a different order of degrees; so 
that from any note we cannot find every interval in a series 
of fixed sounds ; which jet is necessary, that all the notes 
of a piece of music, carried through several keys, may be 
found in their just tune, or that the same song may be be¬ 
gun indifferently at any note, us may be necessary for ac¬ 
commodating some instrument to others, or to the voice, 
when they are to accompany each other in unison. 

The diatonic &cnle y beginning at the lowest note, being 
first settled on an instrument, and the notes of it distin¬ 
guished by their names a, b, c,d, * t f 9 g\ the inserted 
notes, or semitones, are called fictitious not£s, and luke 
the name or letter below with a •, a s c m called c sharp ; 
signifying that it is a semitone higher than the sound of c 
in the natural series; or this mark * called a flat, with 
the name of the note above signifying it to be a semitone 
lower. 

Now and being the two semitones the greater 
tone is divided into, and and £4, *he semitones the less 
tone is divided into, the whole octave will stand as in the 


following scheme, where the ratios of each term to the 
next are written fraction-wise between them below. 
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not designed to alter the species of nx lodj, but leave it 
still diatonic, and only correct Certain defects arising from 
something foreign to the office of the stale of music, viz, 
the fixing and limiting the sounds ; we see the reason why 
the names of the natural scale are continued, only making 
a distinction of each into a greater and less. 1 hus an in¬ 
terval of one semitone, is culled a less second ; of two 
semitones, a greater second; of three semitones, a less 
third ; of four, a greater third, &c. 

A second kind of scmitonic scale \vc have from auothcr 
division of the octave into semitones^ which is performed 
by taking an harinonical mean between the extremes of 
the greater and less tone ol the natural scale, which di¬ 
vides it into two semitones nearly equal. Thus, the 
greater tone 8 to y is divided into two semitones, which 
are 16’ to 17> and 17 to IS ; where 10, 17, 18, isan arith¬ 
metical division, the numbers representing the lengths of 
the chords; but if they represent the vibiation, the lengths 
ot the chords are reciprocal; viz as 1 , jy, £ ; which puts 
the greater semitone next the lower part of the tone, 
and the lesser next the upper, which is the property of 
the harinonical division. And after the same manner the 
less tone 9 to 10 is divided into two semitones, 18 to 19 , 
and It) to 20; and the whole octave stands thus: 
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Transactions, he made an experiment of before the Royal 
Society, on chords, exactly m these proportions, which 
yielded a perfect concert with other instruments, touched 
by the be>t hands. Mr. Malcolm adds, that, having cal¬ 
culated the ratios of them, for his own satisfaction, he 
found more ot them false than in the preceding scale, but 
then their errors were considerably less, which made 
amends. Malcolm's Music, cbnp. lo. § 2. 

SENSIBLE Horizon , or Point, or Quality, &c. See 
the substantives. 

SEPTU AGESIMA, in the Calendar, is the9th Sunday 
before Easter, so called, as some have supposed, because 
it is near 70 days, though in reality it is only 03 days, 
before it. 


SERIES, in Algebra, denotes a rank or progression of 
quantities or terms, which usually proceed according to 
some certain law. 

As the series 1 -4- £-»-£• -f- &c, 

or the series, 1 -f- -+• ■} -+-4 T^ c » 

where the former is a geometrical scries, proceeding by 
the constant division by 2, or the denominators multi¬ 
plied by 2 ; and the latter is an harinonical scries, being 
the reciprocals of the arithmetical series 1, 2, 3, 4, &c, 
or the denominators being continually increased by l. 

The only traces of the doctrine ol series found among 
the ancients arc in the works of Archimedes and Pappus. 
Thus, in comparing the spheroid with the cone and cylin¬ 
der, Archimedes supposes the terms of a progression to 
increase constantly by the same difference, and demon¬ 
strates several properties of such a progression relating 
to the sum of the terms, and the sum of their squares"; 
by mcaus of which he compares the parabolic conoicC 
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the spheroid, and hyperbolic conoid, with the cone, and mate, by summing up its terms, or by collecting them to- 

thc area of his spiral line with the area of the circle, getlicr one after another. 

Again, in his Treatise on the Quadrature of the Parabola, In like manner, by dividing 1 by the algebraic sum 
lie mentions a progression whose terms decrease con- a-i-c, or by a — c, the quotient will be in these two cases, 

stantly in the ratio of 4 to 1 ; but be dors not suppose as below, viz, 

this progression to be continued to infinity, or mention * _ 1 _ + — _— &c, 

the sum of an infinite number of terms; though it is a + c a a 

plain that all that can be understood by those who assign l _ \ £_ ** 

that sum was fully known to him. He contents himself n —c a a 9 a? a* 

however, with demonstrating this plain property of such where the terms of each series are the same, and they 

a senes, that the sum of the terms continued at pleasure, differ only in this, that the signs are alternately posi- 


a-+-c 

l 

a —c 


c y the 

quotient 

will be 

in 

) 

c 

r 1 

c* 

a 

a’' ■*' ‘ 

a * 

ii 4 

l 

c 

c f 

c 3 

— 

a 

a' * 

a* ^ 

a 4 


-T- -T &C5 


however, with demonstrating this plain property of such where the terms of each series are the same, and they 
a scries, that the sum of the terms continued at pleasure, differ only in this, that the signs are alternately posi- 
added to the part of the last term, amounts always to tive and negative in the former, but all positive in the 
3* of the first term. Sec pr. 23 quad, parab. * latter. 

Pappus touches on a subject nearly allied to the mo- And hence, by expounding a and c by any numbers 
dern doctrine of series, in the 4th book of his matliema- whatever, we obtain on endless variety ot infinite series, 
tical collections* where he treats of the general problem whose sums or values are known, ijo, by taking a or c 
relating to an infinite series of circles inscribed in the equal to 1 or 2 or 3 or 4, &c, we obtain these series, and 
space called arbclon, contained between the circumfe- their values or roots : 

rcnccs of two circles touching inwardly. But both of 1 _ | i - 4 - j _ 1 1 _ | & c> 

these authors investigate their respective problems geo- 1 + 1 2 

metrically, and without any reference to the algebraic 1 - = = — -t- —r &c, 

method. * a Y 1 * 3 °i \ 

With regard to series considered algebraically, the first —— = — — — — — -— 5 - — — 7 - &C, 

notices arc found in the works of Dr. Wallis. Thus, in 2 + 1 1 a • a 

his arithmetical works, published in l6’57, he for the ~ "a” = * — 2 -t- 2* — 2 3 &c, 

first time reduced the fraction —, by a continued 1 _ 1 _ 1 1 . J_ 1 JL 

. .. . . f J „ , a— = ~- T“l r+ ^ ^ c ’ 

division, into the infinite scries a + ar + ar 1 + ar 1 + ... . , , 

AR' + &c. This, and a few other deductions of similar Aml hence it appears, lliat the same quantity or ra- 
import, gave the idea to Nic. Mercator, who made some dlx ma y he expressed by a great Variety of infinite se- 

advnnces in the doctrine. It was afterwards taken up or that many different series may have the same rn- 

by Brounckcr, Jamc-s Gregorv, &c; but the genius of d ' x or '' a * up - . . . . . . . , 

Newton first g^vc it body and form. Another way ... which an infinite series arises, ,s by 

This method is chiefly useful in thequadrature of curves ; the extraction of roots. Thus, by extracting the square 

. where, as we often meet with quantities which cannot be ro °* °f ^ ie number 3 in t c common way,. we o am lj> 

expressed by any precise definite numbers, such as is the va l ue * n a series as follows, viz, v — . ' c “ 

ratio of the diameter of a circle to the circumference, * t 7 u “** T 06 . 73 T75o * T ?® f , *u ^ 1 / 

we arc glud to express them by n series, which, infinitely resolution the law ot t ic progression o c scries 1,0 
continued, is the value of the quantity sought, and which visible, as it is when found by division. T bus, the square 


And hence it appears, that the same quantity or ra- 


is called an infinite series. 

The Nature, Origin, ffc. qf Seri es. 

Infinite scries commonly urisc, either from a continued 


root of the algebraic quantity a‘ -+- c* gives 
v/Ca 2 + c*) = a + ^ ~ + 


16a* 


ScCm 


inmmc scrus cummouy arise, cuncr irom a cominuea Newton’s binomial theorem, which 

division, ns was practised by Mercator, or the extraction , ro y clhod y , hnt se[ ,e, for all kind, of quanti- 

of roots, ns first performed by Newton, who also ex- fractional or rodic.l ones: and by this 

plained other general way. for Ihe expanding of quan- ^ f h last iven , it bccom „ 

titles into infinite scries as by the binomial theorem, means me sarai ^ * 

Thus, to divide I by 3, or to expand the fraction 4- into ^/(a x ■+■ c a ) = a h—— -- 4( jr & c » "’here 


Thus, to divide I by 3, or to expand the fraction ■} into y/(a x ■+■ c a ) = a h—-- 

an infinite series; by division in decimals in the ordinary the , ftw of continuation u evident, 
way, the senes is 0 3333 &c, or« + rlv + rflW **■ Sec Extraction of Hoots, and 


1 .0 c* 
3.4* 6a* 


&c, where 


fee, where the law of continuation is manifest. 


Sec Extraction of Roots, and Binomial Theorem. 
From the specimens above given, it appears that the 


] A I Will lliu epvviinvM- D - • II - 

Or, if the same fraction 4 he set in this form —and s jg n s of the terms may be either nil plus, or alternately 

division be performed algebraically, the quotient will be l dus and niinus. Though they may be varied in nmny 
, , 1 i i iii. other ways. It also appears that the terms may be either 

V — r+I “a T" ^ T “ TT + aT &c * continually smaller and smaller, or larger and larger, or 


— &c. 

03 


Or, if it be expressed in this form — =s by a lih 

division there will arise the scries, • 

1 1 > i c i , » 1 * 

3 4 16 64 4 4* 4* 


1 , ... they may be all equal. In the first case therefore the sc- 

4 _i» b y a bkc jjgj j s sa j,i^ 0 be n decreasing one, in the 2d case an in- 
> creasing one, and in the 3d case an equal one. Also-the 

1 1 ac. first series is called a converging one, because that by col- 


3 4 16 ' 64 4 4- 4* leciing its terms successively, taking in nlways one term 

Again, by dividing I by 5 —2, or 6 —3, or 7—4, &c, the more, the successive sums approximate or converge to tho 
series answering to the fraction $, may be found in an value or sum of the whole infinite series. So, in the 


, &c, 


endless variety of infinite series. The finite quantity i i __ _i_ _ 1 JL _L , &c, 

is called the value or radix of the series, as als»> its sum, scncs a _ 4 a 3 9 or _ . 81 ’ 

being the number or sum to which the series would the first term 4 t.oo littlo, or below | which is the value 
amount, or the limit to which it would tend or approxi- or sum of the whole infinite scries proposed ; the sum of 
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the first two terms 
little, but nearer 
sum of three terms 7 


A 

V 


= ’4444- &c, is also too 

than the former; and the 
s 


7 £ ,s 

to t or ‘5 

■ £ 4- T V ls 44 = '^81481 &c, is 
nearer than the last, but still too little ; and the sum of 
four terms -f -4- \ 4- Vr +■ rn 5r — ’493827 &c, 
which is again nearer than the former, but still too little; 
and this is always the case when the terms are all positive. 
But when the converging series has its terms alternately 
positive and negative, then the successive sums are alter¬ 
nately too great and too little, though still approaching 
nearer and nearer to the final sum or value. Thus in 
in the series 

1 1 = 0-25. = --— + --— &c, 

3*9 27 81 7 

= # 333 &c, is too great. 
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the series. Again, after the fir>t two terms l — the 


3 4 - I 4 

the 1st term 
two terms -J- 
three terms 


K 

7 


i 

7 


i 

V 


K 


= *222 &c, are too little, 

• T ' 7 = -259259 f cc, arc too great, 
four terms \ — -J- + — *' T = *246913 &c, are too 

small, and so on, alternately too great and too small, 
but every succeeding sum still nearer than the former, or 
converging. 

In the second case, or when the terms become larger 
and larger, the series is called a diverging one, because 
that by collecting the terms continually, the successive 
sums diverge, or go always farther and farther from the 
true value or radix of the series ; being all too great when 
the terms arc all positive, but alternately too great and 
too little when they are alternately positive and negative. 
Thus, in the series 

—= — = 1-2-+-4— 8&c. 

14-2 3 

the first term -4- 1 is too great, 
two terms 1 — 2 = — 1 arc too little, 
three terms 1— 2 -4- 4 = -4- 3 arc too great, 
four terms 1 — 2-4-4—8 = — 5 are too little, 
and so on continually, after the 2d term, diverging more 
and more from the true value or radix j, but alternately 
too great and too little, or positive and negative. But tlieal- 
ternatc sums would be always more and more too great if 
the terms were all positive, and always too little if negative. 

But in the third case, or when the terms arc all equal, 
the scries of equals, with alternate signs, is called a neu¬ 
tral one, because the successive sums, found by a con¬ 
tinual collection of the terms, arc always at the same 
distance from the true value or radix, but alternately po¬ 
sitive and negative, or too great and too little. Thus, in 
the series 


i + I 2 

the first term 
two terms 1 
three terms 1 
four terms 1 


= 1 — 1 - 4-1 — 1 - 4-1 — 1 6cc. 


1 is too great, 

— 1=0 are too little, 

— i -4-, 1 = 1 too great, 

— 1-4-1 — 1=0 too little, 

and so on continually, the successive sums being alter¬ 
nately 1 and 0, which arc equally different from the true 
value or radix \ y the one as much above it, as the other 
below it. 

A series may be terminated and rendered finite, and 
accurately equal to its radix, by assuming the supple¬ 
ment or remainder, after any particular term, and com¬ 
bining it with the foregoing terms. So, in the series \ — 
} -4- \ ^ 6c c, which is eqpjti to and found by 
dividing 1 by 2 -4- 1, after the nrst term, f, of the quo¬ 
tient, the remainder is — 4, which divided by 2 -4- 1, or 
3, gives — £ for the supplement, which being combined 
with the first term $, gives } — i = 4 the true sum of 

VoL. II. 


remainder is -f- 4> which divided by the same divisor J, 
gives T * T lor the supplement, and this combined with 
those two terms i — 4, makes § — $-*- s= £ -*- 
— or j the same sum or value as before. And in gene¬ 


ral, by dividing I by a 


o’ 


c, there is obtained 


n 4- 1 


a 4- c 


_ ~~ ± - 


n 


where, stopping the division at any term as 


c) 


Tl 


n 4- 1 


,»« 4- 1 


the remainder after this term is —--,which being 


4- 1 


c, gives 


for 


divided by the same divisor a 

* H 1 (a 4- c) 

the supplement as above. 

The Law of Continuation —A series being proposed, one 
of the chief questions concerning it, is to find the law of* 
its continuation. Indeed, no universal rule can be given 
for this; but it often happens that the terms, taken two 
and two, or three and three, or in greater numbers, have 
an obvious and simple relation, by which the series may be 
determined and produced indefinitely. Thus, if 1 be di¬ 
vided by 1 — x, the quotient will be a geometrical pro¬ 
gression, viz, 1 -4- x -4- x 1 -4- x 3 &c, where the succeeding 
terms arc produced by the continual multiplication by x. 
In like manner, in other cases of division, other pro¬ 
gressions arc produced. 

But in most cases the relation of the terms of a scries 
is not constant, as it is in those that arise by division. Yet 
their relation often varies according to a certain law, which 
is sometimes obvious on inspection, and sometimes it is 
found by dividing the successive terms one by another, 
&c. Thus, in the scries 
1 


X -4- 


I r * 
T3 X 


yyX 3 -4- & c > b y dividing the 2d 

term by the 1st, the 3d by the 2d, the 4th by the 3d, and 
so on, the quotients will befx, yX, £x, Jx, &c; and there¬ 
fore the terms may be continued indefinitely by the suc¬ 
cessive multiplication by these fractions. Also in the fol¬ 
lowing series 1 -4- £x -4- ^r x -4- y^y* 3 4- by 

dividing the adjacent terms successively by each other, the 
series of quotients is £x, JJx, 7 Jx, &C, or 

and therefore the terms of the 


1.1 3.3 

2 ^ 3 X> 4 . 5 *' 


5.5 7-7 £ 

-x, —x, &c: 

6.7 * B.9 * f 


scries may be continued by the multiplication of these 
fractions. 

Another method of expressing the law of a series, is one 
that defines the series itself, by its general term , showing 
the relation of the terms generally by their distances from 
the beginning, or by differential equations. To do this, 
Mr. Stirling conceives the terms of the series to be placed 
as so many ordinates on a right line given by position } 
taking unity as the common interval between these ordi¬ 
nates. The terms of the series he denotes by the initial 
letters of the alphabet, a, b, c, d, &c; a being the first, 
b the 2d, c the 3d, &c : and he denotes any term in ge¬ 
neral by the letter t, and the rest following it in order by 
t', t", t'", t'"', &c ; also the distance of the term t from 
any given term, Or from any given intermediate point be¬ 
tween two terms, he denotes by the indeterminate quantity 
z : so that the distances of the terms r 1 , t", t"', &c, from 
tbc said term or point, will be z -t- ),z + 2,: + 3 , &c- 
because the increment of the absciss is the common in¬ 
terval of the ordinates, or terms of the series, applied to 
the absciss. 

3 C 
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These things being premised, let this series be proposed, 
viz, 1, fr, jr\ r ' z x\ rVf^t itVS&c; in which it is 
found, by dividing the terms by each other, that the rela¬ 
tions of the terms are, 

b = $ax, c = |nr, d = *cx, e = |nx, &c: then the 
relation in general will be defined by the equation 

x' = 2z xx or ~—— tx, where z denotes the distance 

•Jt + *2 • f 1 

of *r from the first term of the series. For by substituting 
0, 1,2, 3, 4, &c, successively instead of z, the same rela¬ 
tions will arise as in the proposed series above. In like 
manner, if z be the*distancc of t from the 2d term ot the 

scries, the equation will be t' = ^ or r“j TX > as 

will appear by substituting the numbers — I, 0, 1, 2, 3> 
&c, successively for z. Ur, if z denote the place or num¬ 
ber of the term t in the series, its successive values will 
be 1,2, 3, 4, &c, and the equation or general term will 

be t' = —— tx. 

It appears therefore, that innumerable differential equa¬ 
tions may define one and the same series, according to the 
different points from whence the origin ol the absciss z is 
taken. And, on the contrary, the same equation defines 
innumerable different series, by taking different successive 

values of z. For in the equation T* = —— tx, which de¬ 
fines the foregoing series when 1, 2, 3, 4, &c c are the suc¬ 
cessive values of the abscisses; if 1$, 2^, 3*, 4^, &c, be 
successively substituted for z, the relations of tbe terms 
arising will bo, n = f ax, c = £nx, d = £cx, &c, from 
whence will arise the series a, *ax, t 8 t ax*, -fyA* 1 , 3 tt ax ** 
&c, which is different from the former. 

And thus the equation will always determine the series 
from the given values of the absciss and of the first term, 
when the equation includes but two terms of the scries, as 
in the last example, where the first term being given, all 
the rest will be given. 

But when the equation includes three terms, then two 
mu 3 t be given ; and three must be given, when it includes 
four ; and so on. So, if there be proposed the scries x, 
J-x 3 , ^x $ , -rryx 7 , &c, where the relations of the 

terms arc, n = ^~ax% c = 77 5 nx *' D = j^ cx **& c >^ ic 
equation defining this series will be 

(2z — 1) — it - 4rz — 4x 4- 1 


T = 


2z — 1) * 

•TX* = 


gentleman’s method, thesum of the series may be found by 
a very moderate computation. See Method. Differ, pa. 26. 

Series are of various kinds or descriptions. So, 

An Ascending Series, is one in which the powers of tho 
indeterminate quantity increase; as I 4- ax 4- bx 2 4- cx 3 
<Scc. And a 

Descending Series, is one in which the powers decrease, 
or else increase in the denominators, which is the same 
thing; as 

1 4- ax~ l -f- bx 

A Circular Series, which denotes a series whose sum 
depends on the quadrature of the circle. Such is the se¬ 
ries 1 — j + { - f 4- £ &c : See Demoivre Miscel. 
Anulyt. pa. 111, or my Mensur. pa. 119* Or the sum of 
the scries 1 + J + 9 + n + *V &c, continued ad in¬ 
finitum, according to Euler's discovery. 

Continued Fraction or Scries , is a fraction of this kind, 
to infinity, « 


_ a b c Q 

-+- ex -3 &c, or 1 -p- p «c. 


’ A &C. 

The first series of this kind was given by lord Brounckcr, 
first president of the Royal Society, for the quadrature of 
the circle, as related by Dr.Wallis, in his Algebra, pa. 317. 
His scries is, 

X -4- 1 


25 


49 


81 


tx*, where the 

at. (at + i) * 4ts + at 

successive values of z arc 1, 2, 3, 4, &c. See Stirling’s 
Methodus Differentialis, in the introduction. 

This may suflico to give a notion of these differential 
equations, defining the nature of series. But as to the ap¬ 
plication of these equations in interpolations, and finding 
the sums of series, it would require a trcutisc to explain 
it. We must therefore refer to that excellent one just 
quoted, as also to Demoivre’s Miscellanea Analytica ; 
and several curious papers by Euler in the Acta Petropo- 
litana. 

A series often converges so slowly, ns to be of no use in 
practice. Thus, if it were required to find the sum of the 

scries -—i—— —-— &c, which lord 

1.9 0.4 5.6 7-8 9.10 

Brounckcr found for the quadrature of the hyperbola, true 
to 9 figures, by ihe mere addition of the terms of tbe se¬ 
ries ; Mr. Stirling computes that it would be necessary to 
add a thousand millions of terms for that purpose; for 
which the life of man would be too short. But by that 


2 -+- &c, 

which denotes the ratio of the square of the diameter of a 
circle to its area. Mr. Euler has treated on this kind of 
series, in the Petersburg Commentaries, vol. 11, and in his 
Analys. Infinit. vol. 1, pa. 295, where he shows various 
uses of it, and bow to transform ordinary fractions and 
common series into continued fractions. A common frac¬ 
tion is transformed into a continued one, alter the manner 
of seeking the greatest common measure of the numerator 
and denominator, by dividing the greater by the less, and 
the last divisor always by the last remainder. Thus to 
change to a continued fraction. 

59 ) 1401 ( 24 ' 
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It is not, however, in this form of the series that they 
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arc applied to any useful purposes ; they must first be re¬ 
duced to a series of converging fractions, which will be 
finite when the radix is rational, but infinite when the ra¬ 
dix is a surd. The rule for performing this is as follows. 

Having divided one number by another, as above di¬ 
rected, till nothing remains, place all the quotients thus 
arising in one horizontal line, in the order in .which they 
were obtained, proceeding from left to right. Then the 
first fraction will have 1 for its numerator, and the first 
quotient figure for its denominator. The second fraction 
will have the second qaotient figure for its numerator; 
and for its denominator, the product of the first denomi¬ 
nator, and the said quotient plus 1. 

And all the other terms will then be found as follows. 
For the numerator, multiply the numerator already found 
by the next quotient figure, and to the product add the 
preceding numerator, which will form the new numerator. 
And the denominators are obtained in exactly the same 
manner. 

Thus, to reduce the above continued fraction to a series 
of converging fractions, we have 
Quotients 
Converging 
fractions 

A surd quantity, such as y/19, is reduced to a scries 
of converging fractions, which will go on to infinity, in a 
similar manner, after the series of quotients 9* 9\ 9* 9 » 
&c is obtained, which is done by taking out the greatest 
square, then the next greatest, and so on, thus. 


24, 

i. 

3, 

4 , 

i, 

2. 

2 4 

V. 

99 

A 2 I 

5 2 0 

I A 6 I 

T * 

4 » 

T7 > 

ir * 

T5 • 


7 

7 

7 

7 

10 1 


y/10 
19 


= 4 


4- 4 


11 


HI 


<l" = 


= - 


y/ 1 9 — 4 

a 

V"l~9 “ 3 
5 

— J 
9 

y/\9 — a 
5 

\/l9 — 9 
0 

\/.9 — 4 
1 


: = 2 -f- 


y/19 


a 


4 *2 


= I 4- 


_ v/ 


3 

9 


3 _ 


= 3 4- 


_ \/!9 4-3 _ 


y/'9 4* 9 
3 

V' 19 4- 4 


= 1 4- 

2 4- 
8 4- 


\/l9 4- 4 


y/ 19 — 4 
So that the quotients are 

4 2 1 

Converging 7 4 „ 

fractions j r ’ T » 


3 




y/19 — 4 
1 

y/19 — 2 
3 

v'lO — 3 
3 

V' > 9 — 3 
9 

y/>9 — 9 
3 

y/\9 — 4 
3 

*/»9 — 4 
I 

&C. 


3 1 2 8 2 ; 4, 2, 1, &c. 

&c, each of which 


4« 

TTf 


I 

T4t 


fractions approximates towards the y /19 ; differing from 
the common scries in this, that in those, it is the sum of 
all the terms that gives the approximate value gf the radix, 
whereas in this each term, singularly, approaches towards 
the value of the radical. 

Converging Series, is a scries whose terms continually 
decrease, or the successive sums of whose terms approxi¬ 
mate or converge always nearer to the ultimate sura of 
the whole series. And, on the contrary, a 

Diverging Series, is one whose terms continually in¬ 
crease, or that has the successive sums of its terms di- 
verging, or going off always the farther, from the sum or 
value of the series. 

Determinate Series, is a series whose terms proceed 
by the powers of a determinate quantity ; us 

1 + L + 1 + 1 + &c. If that determinate quantity 


ax 

If/i = 0, 
a 


be unity, the scries is said to be deteimined by unity. 
Dcmoivrc, Rlisccl. Analyt. pa. 111 . 

lndeta'minate Series is one whose terms proceed by 
the powers of an indeterminate quuntifv x ; as 
x -+- |x : 4 - -Jr* 4 - &c ; or sometimes also with inde¬ 
terminate exponents, or indeterminate coefficients. 

The Form qf a Series, is used lor that affection of an 
indeterminate series, such as 

ax 4- Ax 4- cx ~ 4- dr &c, which arises 

from the different values of Afro indices of j. Thus, 

If n = 1» a nd r = l, the scries will take the torin 
ax + Ax* -+- cx 5 4 - dx % 6cc. 

Il n = 1, and r = 2, the form will be 

ax 4 - Ax 3 4 - cx 5 4 - dx 1 &c. § 

Il n = f, and r = 1 , the form is 

- 4- Ax- cx- 4 - dx* &c. And. 
and r = — 1, the form will be 
4- Ax" 1 4- CJ-* 4- dx~ 3 &c. 

When the value of a quantity cannot be found exactly* 
it is of use in algebra, as well as in common arithmetic* 
to seek an approximate value of that quantity, which may 
be useful in practice. Thus, in arithmetic, as the true 
value of the square root of 2 cannot be assigned, a de¬ 
cimal fraction is found to a sufficient degree of exactness 
in any particular case; which decimal fraction is in 
reality, no more than an infinite series of fractions con¬ 
verging or approximating to the true value of the root 
sought. For the expression y/2 = 1414213 &c, is 
equivalent to this v/2 = 1 tvVv &c ; 

or supposing x = 10, to this 

V'- = 1 + - Tt - p H- - See. 

Ol* = 1 4- 4l“ 1 4- X" * 4- 4x” 3 4- 2x“ 4 &Cf 
which last series is a particular case of the more general 

indeterminate series ax 11 4- bx' 1 * ' 4- cx' 1 2r &c, viz, 
when n = 0, r = — 1, and the coefficients a = 1, b = 4, 
c = 1, d = 4, &c. M* 

But the application of the notion of approximations 
in numbers, to species, or to algebra, is not so obvious. 
Newton, with his usual sagacity, took the hint, and pro¬ 
secuted it; by which were discovered general methods 
in the doctrine of infinite series, which had before been 
treated only in a particular manner, though with great 
ucutcncss, by Wallis and a few others. See Newton's 
Method of Fluxions and Infinite Scries, with Colson's 
Comment; as also the Analysis per /Equationes Numcro 
Terminoruin Infinitas, published by Jones in 1711 , and 
since translated and explained by Stewart, together with 
Newton’s Tract on Quadratures, in 1745. To these may 
be added Maclaurin's Algebra, part. 2, chap. 10, pa. 244; 
and Cramer's Analyse des Lignes Courbes Algebruiques, 
chap. 7, pa. 148; and many other authors. 

Among the various methods for determinating the value 
of a quantity by a converging scries, that seems preferable 
to the rest, which consists in assuming an indeterminate 
series as equal to the quantity whose value is sought, and 
afterwards determining the values of the terms of this as¬ 
sumed scries. For instance, suppose a logarithm were 
given, to find the natural number answering to it. Sup¬ 
pose the logarithm to be z, and the correspondin'* number 

then by the nature of logarithms an4 

- or z + ii = i. Now, assume a 

3 C 2 


4- X 


m 

sought 1 
fluxions, i — 


i+j 1 
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suits for the* value of the unknown quantity x, anil sub-, 
slfttutc it and its fluxion instead of x and x in the last 
equation, then determine the assumed coefficients, by 
comparing or equating the like terms of the equation. 
Thus, 

assume x = nz + bz 2 • cz 1 + dz* &c, 

then x = a£ 2bzz 3 cz*i -t- \dz i ~ &c ; 


and x = (z xz) = z azi bz 2 z -+* cz 3 x &c ; 
hence, comparing the like terms of these two values ol x, 
there arises a = 1, b = c = d = &c; which 

values being substituted for a f b , c, &c, in the assumed 
series ax ftx 1 -f* ex 3 &c, it gives 
J = 2 -t- + £i 5 + T ic=’» &c, or 




) ,-j.a 



1.2.J 4 


—?—z 5 &c; 

I .'2. ; J.4.5 


and consequently the number sought will be 

1 J - 1 4* 2 + \ Z 1 y t Z* & C. 

But the indeterminate series az -f- bz 2 -h cz 1 &c, 


was 


here assumed arbitrarily, with regard to its exponents 1, 
2, 3, &c, which will not succeed in all cases, because 
some quantities require other forms for the exponents. 
For instance, if from a given arc, it were required to find 
the tangent. Making x = the tangent, and z = arc, 
the radius being = 1. Then, from the nature of the 

circle \vc shall have -% = i, or x = z x*i. Now 


recourse to the first principles of the method of infinite 
scries, and has entered into a more exact and-instructive 
detuil of the whole method, than is to be met with else¬ 
where; for which reason, and many others, his treatise 
deserves to be particularly recommended to beginnen. 
See also my Tracts, v. 3, p. 369» for an easy method of 
determining the exponents in the assumed indeterminate 
scries. 

But it is to be observed, that in determining the value 
of a quantity by a converging series, it is not always ne¬ 
cessary to have recourse to an indeterminate series : for it 
is often better to find it by division, or by extraction of 
roots. Sec Newton's Moth, of Flux, and inf. Series, above 
cited. Thus, if it were required to find the arc of a circle 
from its tangent being given, that is, to find the value of 

£ in the given fiuxional equation, £ = - * by an in¬ 
finite scries: dividing * by 1 + xx, the quotient will be 
the series x — x 2 x x*x — x*x &c = £; and taking the 
fluents of the terms, there results s = x — $x 3 -+- — 

£x &c, which is the series often used for the quadra¬ 
ture of the circle. If x = 1, or the tangent of 43°, then 
will z — 1 — 4 4 — £ &c = the length of an arc'of 

4.5°, or | of the circumference, to the radius J, or J of 
the circumference to the diameter 1. Consequently, if 1 
be the diameter, then 1 — 4 -*• \ — j &c will be the area 


if, to find the value of x, we suppose x = ax -+- bz 1 -+- cz * 
&cc, and proceed us before, we shall find all the alternate 
coefficients b, d , /, &c, or those of the even powers of z, 
to be each = 0; and therefore the series assumed is not 
of a proper form. But making x = az bi* -+• cz 1 -+- 
dz 1 , &c, then \v6 find a = 1 , b = 4, c = T * T , d = -jVy, 
&c, and consequently x = 5 ■+• 4s 3 ■+■ tt 2 * i'/t 2 
Arc. And other quantities require other forms of series. 

Now to find a proper indeterminate series in all cases, 
tentatively, would often be very laborious, and even im¬ 
practicable. Mathematicians have therefore endeavoured 
to find out a general rule for this purpose ; though till 
lately the method has been hut imperfectly understood 
and delivered. Most authors indeed have explained the 
manner of finding the coefficients «, A, c, </, &c, of the 

. , . . .« ,« -e r n + 2r & ~ 

indeterminate series ax -+- ft.r -+- cx 

which is easy enough ; but the values of n and r, in which 
the chief difficulty lies, have been assigned by many in a 
manner as if they were self-evident, or at least discover¬ 
able by an easy triul or two, ns in the last example. 

As to the number n, Newton himself has shown the 
method of determining it, by his rule for finding the first 
term of a converging scries, by the application of his pa¬ 
rallelogram and ruler. For the particulars of this method, 
see the authors above cited ; see also Parallrloouam. 

Taylor, in his Methodus Incrcmcntorum, investigates 
the number r; but Stirling observes that his rule some¬ 
times fuils. l.ineie Tort. Ordin. Newton, pa. 28. Mr. 
Stirling gives a correction of Taylor's rule, but says he 
cannot affirm it to he universal, having only found it by 
chance. And again, 

Gravesandc observes, that though he thinks Stirling’s 
rule never leads into an error, yet that it is not pcffect. 
See Gravesandc, Dc Determin. Form. Serici Infinit. 
printed at the end of his Mathcseos UnivcrsalisJ^ljnienta. 
This learned professor has endeavoured to rectify the rule. 
But Craiher has shown that it is still defective in several 
respects; and he himself, to avoid the inconveniences to 
which the methods of former authors are subject, has had 


of the circle, because $ of the circumference multiplied ’ 
by the diameter, gives the area of the circle. This series 
was first given by Leibnitz and Janies Gregory. 

* Sec the form of the series for the binomial theorem, 
determined, both as to the coefficients and exponents, in 
my Tracts, vol. 1, pa. 228. 

Harmonical Series, the reciprocal of arithmetical. 
Sec Harmonical. • 

Hyperbolic SEniES, is used for a. scries whose sum de¬ 
pends on the quadrature of the hyperbola. Such is the 
series 4 . + 4 + 4 J &c. Dcmoivre's Miscel. Analyt. 
pa. 11 I • 

Interpolation o/SF.niF.s, the inserting of some terms 
between others, &c. See Interpolation. 

Intcrscendent Series. Sec Intf.rscrndent. 

Mill Series, one whose sum depends partly on the 
quadrature of the circle, and partly on that of the hyper¬ 
bola. Demoivre, Miscel. Analyt. pa. lit. 

Recurring Series, is used for a series which is so con¬ 
stituted, tliut having taken at pleasure any number of its 
terms, each following term shall be related to the same 
number of preceding terms by some constant law of rela¬ 
tion. Thus, in the following series, 

abed e f 
1 + 2x + 8x J + lOx 3 34x 4 4- 97J 5 &c, 
in which the terms being respectively represented by the 
letters a, b , c, &c, set over them, wo shall have 
d = 3cx — 2Ax* 4 - 5ari\ 

V =: 3 dx — 2cx* 5Ax 3 , 

/ = 3 cx — 2dx* -+- 5cx 5 , 

See, &c, . 

where it is evident that the law of relation between a nnd c, 
is the same as between e and/, each being formed in ihc 
same manner from the three terms which precede it in the 
series. • 

The quantities 3x - 2x* 4- 5x*, taken together and 
connected by their proper signs, form what Demoivie 
calls the index, or tbc scale of relation; though sometimes, 
the bare coefficients 3 — 2 + 5 arc called the scale of 
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relation. And the scale of relation subtracted from unity, 
is called the differential scale. On the subject of Recur¬ 
ring Series, see Dcinoivre’s Miscel. Analyt. • pa. 27 and 
72, and his Doctrine of Chances, 3d edit. pa. 220 ; also 
Euler's Anulys 1 ntiint. tom. I, pa. 173. 

Having given a recurring series, with its scale of rela¬ 
tion, the sum of the whole infinite series will also be 
given. For instance, suppose a series a bx - 4 - cx* ■+• 
dx y &c, where the relation between the coefficient of any 
term and the coefficients of any two preceding terms may 
be expressed by f—g; that is, c ~ fd — gc % and d = Jc 
— gb, Uc ; then will the sum of the series, infinitely con- 

. . , a -4- (0 — fa) x 

tmued, be-. 

1 —Jx -t- 

Thus, for example, assume 2 and 5 for the coefficients 
of the first two terms of a recurring series; and suppose 
f and g to be respectively 2 and l ; then the recurring 
scries will be 

2 -+- 5x + Sx 7 - 4 - llx 3 - 4 - 1 \x' + 17 * 5 &c, 

and its sum = ^ 1 ^ ~ ** = ( , 2 ' Z/ ’ For ,hc P roof of 

which divide 2 ■+■ x by (1 — jt)\ and there arises the said 
series 2 -t- 5* -h 8 1 : -t- llr 1 &c. And similar rules might 
be derived for more complex cases. 

Demoivre’s general rule is this: 1. Take as many 
terms of the series as there are parts in the scale of rela¬ 
tion. 2. Subtract the scale of relation from unity, and the 
remainder is the differential scale. 3. Multiply the terras 
taken in the series by the differential scale, beginning at 
unity, and so proceeding orderly, remembering to leave 
out what would naturally be extended beyond the last of 
the terms taken. Then will the product he the numerator, 
and the differential scale will be the denominator of the 
fraction expressing the sum required. 

But it must here be observed, that when the sum of a 
recurring series extended to infinity, is found by Dc- 
moivre’s rule, it ought to be supposed that the series con¬ 
verges indefinitely, that is, that the terms inay become 
less than any assigned quantity. For if the series diverge, 
that is, if its terms continually increase, the rule docs not 
give the .true sum. For the sum in such case is infinite, 
or greater than any given quantity, whereas the sum ex¬ 
hibited by the rule, will often be finite. The rule there¬ 
fore in this case only gives a fraction expressing the radix 
of the series, by the expansion of which the series is pro¬ 
duced. Thus ;—*—- by expansion becomes the recur- 

ring scries 1 + 2r + 3 jt* &c, whose scale of relation is 
2—1, and its sum by the rule will be 

a It — fax 1 -4- 'lx — * 2 x I . 

--— =-=-the quantity 

i — fx + *xx i — ax - 4 - xx (i — x)y 1 J 

from which flic series arose. But this quantity can¬ 
not in all cases be deemed equal to the infinite scries 
I 2x -f* 3x* &c : for stop where you will, there will 
always want a supplement to make the product of the 
quotient by the divisor equal to the dividend. Indeed 
when the series converges infinitely, the supplement, dimi¬ 
nishing continually, becomes less than any assignable 
quantity, or tqual to nothing; but in a diverging scries, 
this supplement becomes infinitely great, and the series 
deviates indefinitely from the truth. See Colson's Com¬ 
ment oil Newton’s Method of Fluxions and Infinite Series, 
pit. 132; Stirling's Method. Differ, pa. 36; Bernoulli dc 
Scrieb. Infirr. pa. 249; and Cramer's Aualysc des Ligncs 
Courbcs, pa* 174. 


A recurring series being given, the sum of any finite 
number of the terms of that series may be found. T his is 
prob. 3, pa.73, Deinoivre's Miscel. Analyt. and prob. 5, 
pa. 223 »*l of his Doc trine of Chances. The solution i* 
effected, l>y taking the difference between the sums of two 
infinite series, diticring by the terms answering to the given 
number; viz, from the sum ot the whole infinite series. 


beginning, subtract 


commencing from the beginning, subtract the sum ot 
another infinite number ot terms of the same series, com¬ 
mencing after so many of the first terms whose sum is re- 
quired ; and the difference will evidently be the sum of 
that number of terms of the scries. For example, to find 
the sum of n terms of the infinite geometrical scries 
a ax ai‘ fli 3 &c. Here are two infinite series ; 
the one beginning with a, and the other with «x n , which 
is the next term after the first n terms of the original series. 
By the rule, the sum of the first infinite progression will be 

——, and the sum of the second the difference of 

1 — X 1 — x 

which is which is therefore the sum of the first 


which is therefore the sum of the first 


n terms of the series. This quantity 

°i is equal to —■ -p, w hich last expression, putting 

«i°" 1 = /, will be equivafent to this, -p—p "hjch is 

the common rule for finding the surn of any geometric 
progression, having given the first term <i, the last term /, 
and the ratio x. See Miscel. Analyt. pa. 167, l6\8. 

In a recurring series, any term may he obtained whose 
place is assigned. For after having taken so many terms 
of the series as there are terms in the scale of relation, the 
series may be protracted till it reach the place assigned. 
But when that place is very distant from the beginning of 
the sciies, the continuing the terms is very laborious; anil 
therefore other methods have been coritrised. See Miscel. 
Analyt. pa. 33, and Doctrine of Chance's, pa. 224. 

These questions have been resolved in many cases, be¬ 
sides those of recurring series. But us there is no univer¬ 
sal method for the quadrature of curves, neither is there 
one for the summation of series; indeed there is a great 
analogy between these things, and similar difficulties urisc 
in both. See the authors above cited. 

The investigation of Daniel Bernoulli's method for find¬ 
ing the roots of algebraic equations, which is inserted in 
the Petersburg Acts, tom. 3, pa. 92, depends on the doc¬ 
trine c f recurring series. See Euler's Analysis Infinitorum, 
torn. 1, pa. 27^- 

Reversion of Series. See Reversion qf Scries. 

Summabte Series, is one whose sum can be accurately 
found. Such is the series i -+- { •+* -J ^ ,c sum °f 
which is said to be unity, or to speuk more accurately, 
the limit of its sum is unity or 1. 

An indefinite number of suminpblc infinite series may 
be assigned : such are, for instance, all infinite recurring 
converging series, and many others, for which, consult 
Dcmoivrc, Bernoulli, Stirling, Kulcr, and Maclaurin; 
viz, Miscel. Analyt. pa. 1 10; De Scrieb. Infinit. passim ; 
Method. Different, pn. 34; Acta Petrop. passim ; Fluxions, 
art. 350. 

‘The obtaining the sums of infinite seriescs of fractions 
has been one of the principal objects of tho> modem me¬ 
thod of computation; and these sums may often be found, 
and sometimes not. Thus the sums of ijie Jwo following 
scries of geometrical progrcssionals are easily found to be 
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1 ami \ y viz, &c » 

and f = x •+* 4 T V vVc. 

Hut tho series of fractions that occur in the solution of 
problems, can seldom be reduced to geometric progres¬ 
sions; nor can any general rule, in cases so infinitely 
various, be given. The art here, as in most other cases, 
is only to be acquired by examples, and by a careful ob¬ 
servation of the arts used by great authors in the investi¬ 
gation of such series of fractions as they have considered. 
And the general methods of infinite series, which have 
been carried so far by Dcmoivrc, Stirling, Euler, &c, 
arc often found necessary to determine the sum ot 
a very simple series of fractions. Sec the quotations 
above. 

The sum of a series of fractions, though decreasing con¬ 
tinually, is not always finite. This is the case of the series 

*hc harmonic series, 
consisting of the reciprocals of arithmetieals, the sum of 
which exceeds any given number whatever; and this is 
shown from the analogy between this progression and the 
space comprehended by the common hyperbola and its 
asymptote; though the same may be shown also from the 
nature of progressions. See James Bernoulli, de Sericbus 
Infin. But, what is curious, the sum of the squares of 
its terms is finite ; for if the same terms of the harmonic 
scries, 4 4 4 he squared, forming the series 

j-f J + J &c, being the reciprocals of the squares of 
the natural series of numbers; the sum of this series of 
fractions will not only be limited, but it is remarkable 
that this sum will be precisely equal to the 6*th part of the 
number which expresses the ratio of the square of the cir¬ 
cumference of a circle to the square of its diameter. That 
is, if £ denote 3* 1415.9 &c, the ratio of the circumference 
to the diameter, then is £ c l = 4 -*■ 4 4 tV 7 T 

&c. This property was first discovered by John Bernoulli; 
and his investigation may be seen in the Acta Pet nip. vol.7. 
And Maclaurin has since observed, that this may easily 
be deduced from his Fluxions, art. 822. Philos. Trans, 
numb. 46.9. 

It would require a whole volume to enumerate the va¬ 
rious kinds of series of fractions which may or may not be 
summed. Sometimes the sum cannot be assigned, either 
because it is infinite, as in the harmonic series 4 4 ’ 4 " 

4 - 4-4 & c > or > though its sum be Unite (as in the series 
4 -4- 4 9 &c), y cl its sum cannot be assigned in finite 

terms, or by the quadrature of the circle or- hyperbola, 
which was the case of this series before Euler's discovery; 
but yet the sum of any given number of the terms of the 
series may be expeditiously found, and the whole sum may 
be assigned by approximation, independent of the circle. 
Sec Stirling's Method. Different, and Dc Moivrc’s Mi seel. 
Analyt. Also the works of John Bernoulli, who first 
summed this scries. 

Besides the scries of fractions, the sums of which con¬ 
verge to a certain quantity, there sometimes occur others, 
which .converge by a continued multiplication. Ol this 
kind is the scries found by Wallis, fur the quadrature of 
the circle, which he expresses thus, 

3 x a x 5 X 3*7x7xQx9x&c 

^ “ <2 X 4 x 4 X 6x0xhx8x10x . 

where the character □ denotes the ratio of the square of 
the dinmctcrlo the area of the circle. Hence the deno¬ 
minator of this fraction, is to its numerator, both infinitely 
continued, a#the circle is to the square of the diameter. 
It may further be observed that this series is equivalent to 


9 2% 49 . 3 S 7* 

— x — x — x <xc, or to —:- x - x - X 

8 24 48 7 «i f — 1 3 J — 1 7* — | 

6iC, that is, the product of the squares of all tfie odd 
numbers 3, 5, 7, 9* &c, is to the produce of the same 
squares severally diminished by unity, as the square of 
the diameter is to the area of the circle. See Aritlimet. 


Infinit. prop. 191 . Opcr. vol. ), pa. 469- Id- Oper. vol. 2, 
pa. 8 I 9 . And these products of fractions, and.the like 
quantities arising from the continued multiplication of cer¬ 
tain factors, have been particularly considered by Euler, 
in his Analysis Infinit. vol. 1, chap. 15, pa. 221. 

For an easy and general method of summing all alter¬ 
nate series, such us a — b c — d &c, see my Tracts, 


vol. 1, pa. 176 ; and in the same vol. may be seen many 
other curious tracts on infinite series. 


Summation of Infinite Series, is the finding the value of 
them, or the radix from which they may be raised. For 
which consult the authors upon this science, particularly 
Stirling, and Clark's translation of Lorgnn. 

To find an infinite scries by extracting of roots ; and to 
find an infinite series by a presupposed series ; sec Qua¬ 
drature of the Circle. 

To extract the roots of an infinite series, see Extrac¬ 
tion of Roots . 

To raise an infinite series to any power, sec Involu¬ 
tion, and Power. 

Transcendental Series. Sec Transcendental. 

There are many other important writings on the subject 
of Infinite scries, besides those above quoted. A very good 
elementary tract on this science is that of James Bernoulli, 
intituled, Tractatus de Sericbus Infinitis, and annexed to 
his Ars Conjcctamli, published in 4to, 1713. 

SERPENS, in Astronomy, a constellation in the 
northern hemisphere, being one of the 48 old constella¬ 
tions mentioned by all the ancients, and is culled more 
particularly SerpensOphiuchi, being grasped in the hunds 
of the constellation Ophiuchus. The Greeks, in their 
fables, have ascribed it sometimes to one of Triptolcmus’fi 
dragons, killed by Carnabos ; and sometimes to the ser¬ 
pent of the river Segaris, destroyed by Hercules. This is 
by some supposed to be the same as the author of the 
book of Job calls the Crooked Serpent; but this expres¬ 
sion more probably meant the constellation Draco, near 
the north pole.—The stars in the constellation Serpens, 
in Ptolemy's catalogue are 18, in Tycho’s 13, in Hcvc- 
lius's 22, and in the Britannic catalogue 64- 

SE11PENTA1UUS, a constellation of the northern ho 
misphere, being one of the 48 old constellations mention¬ 
ed by all the ancients. It is called also Ophiuchus, and 
anciently jEsculapius. It is in the figure of a man grasp¬ 
ing the serpent. The Greeks hud different fables about 
this, and other constellations, because they were ignorant 
of the true meaning of them. Some of them say, it re¬ 
presents Carnabos, who killed one of the drogons of Trip- 
tblcmus. Others say, it was Hercules, killing the ser¬ 
pent at the river Segaris. And others again say, it repre¬ 
sents the celebrated physician yRsculnpius, to denote his 
skill in medicine in curing the bite of the serpent. 

The stars in the constellation Seqicntarius, in Ptole¬ 
my's catalogue are 29, in Tycho's 15, in Hevelius's 40, 
and in the Britannic catalogue they are 74. 
SERPENTINE Line, the same with spiral. 

SESQUI, an expression of a certain ratio, vii, the se¬ 
cond ratio of inequality, called also superparticular ra¬ 
tio ; being that in which the greater term contains the 
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less once, and some certain part over; as 3 to 2, where 
the first term contains the second once, and unity over, 
which is a quota part of 2. Now if thi> part remaining 
be just half the less term, the ratio is called sesquialtera ; 
if the remaining part be a 3d part of the less term, as 4 to 
3, the ratio is called sesquitertia, or sesquiterza ; if a 
4th part, as 5 to 4, the ratio is called sesquiquarta ; and 
so on continually, still adding to sesqui the ordinal num¬ 
ber of the smaller term. In English we sometimes say, 
sesquialteral, or sesquiaitcrato, sesquithird, scsquifouith, 
See. As to the kinds of triples expressed by the particle 
sesqui, they are these: 

SESQUI EATERATE, the greater perfect, which is 
a triple, where the breve is three measures, or semi¬ 
breves, 

Sesqui a lte rate, greater imperfect, which is where 
the breve, when pointed, contains three measures, and 
without any point, two. 

Sesqui a lte r ate, less imperfect, a triple, where the 
semibreve with a point contains three measures, and two 
without. 

Sesqui a lter ate, in Arithmetic and Geometry, is a 
ratio between two numbers, or lines, Sec, where the greater 
is equal to once and a half of the less. Thus 6 and 9 arc 
in a sesquiaitcrato ratio, as also 20 and 30. 

SESQUIDITONE, in Music, a concord resulting from 
the sounds of two strings whose vibrations, in equal times, 
are to each other in the ratio of 5 to 6. 

SESQUIDUPLICATE Ratio , is that in which the 

greater term contains the less, twice and a half; as the 
ratio of 15 to 6, or 50 to 20. 

SESQU1QU ADR ATE, an aspect or position of the 
planets, when they arc distant by 4 signs and a half, or 
135 degrees. 

SESQUIQUINT1LE, is an aspect of the planets when 
they, are distant f of the circle and a half, or 108 de¬ 
grees. 

SESQUI'rERTIONAL Proportion , is that in which 
the greater term contains the less once and one thirds as 
4 to 3, or 12 to 9- 

SETTING, in Astronomy, the sinking of a star or 
planet below the horizon. Astronomers and poets count 
three different kinds of setting of the stars, viz, Aciiro- 
kical, Cosmical, and Heliacal. Sec these terms 
respectively. 

Setting, in Navigation, Surveying, &c, denotes the 
observing the bearing or situation of any distant object by 
the compass, £.c, to discover the angle it makes with the 
nearest meridian, or with some other line. Sec Hear¬ 
ing. Thus, to set the land , or the xun , by the compass, 
is to observe how the land bears on any point of tbc com¬ 
pass, or on what point of the compass the sun is. Also, 
when two ships come in sight of each other, to mark on 
what point the chace bears, is termed Setting the chace 
by the compass. 

Settino also denotes the direction of the wind, cur¬ 
rent, or sea, particularly of the two latter. 

SEVEN Stars, a common denomination given to the 
cluster of stars in the neck of the sign Taurus, the bull, 
properly called the pleiades. They arc so called from 
their number seven which appear to the naked eye, though 
some persons can discover only 6 of them ; but by the 
help of telescopes there appears to be a great multitude 
of them. 


SEX 

SEVENTH, Septima, an interval in Music, called by 
the Greeks hrptachordon. 

SEXAGENARY, something relating to the number 60. 

Sexagenary Arithmetic. Sec Sexagesimal. 

Sexagenary Tables, are tables of proportional parts, 
showing the product of two sexagenaries that are to be 
multiplied, or the quotient of two that are to be divided. 

SEXAGESIMA, the eighth Sunday before Easter; be¬ 
ing so called because near 60 days before it. 

SEXAGESIMAL or Sexagenary Arithmetic , a me¬ 
thod of computation proceeding by 60ths. Such is that 
used in the division of a degree into 60 minutes, of the 
minute into 60 seconds, of the second into 60 thirds, &c. 

1 be Greeks pcrlortned many of their calculations by 
mean* of the sexagesimal division of quantities, particu¬ 
larly their divisions and extraction of roots. 'I lus me¬ 
thod, though very laborious, was certainly preferable to 
what these rules would have been in their common nota¬ 
tion, as they appear to have had no idea, nor indeed did 
their notation admit, of finding one figure at a time in 
the quotient as we do. The Greeks therefore were under 
the necessity of finding either by trials, or otherwise, the 
whole quotient for the first period, then tiic whole quo¬ 
tient ugain for the second period, and so on. See No¬ 
tation. 

SEXAGESIMALS, or Sexagesimal Fractions , arc 
fractions whose denominators proceed in a sexagecuple 
ratio; that is, a prime, oi the first minute = a se¬ 
cond = and third = ^*3^. Anciently there 

were no other than sexagesimals used in astronomical ope¬ 
rations, for which reason tho\ are sometimes called astrono¬ 
mical fractions, ami they are still retained in many cases, 
as in the divisions of time and of a circle; but decimal 
arithmetic is now much used in the calculations, and the 
French have entirely discarded the sexagesimal division, 
and employed only the dccimul, an improvement in astro- 
nomy which may in time be adopted by other nations* 
See Degree. —Sexagesimals were probably first used for 
the divisions of a circle, 360, or 6 times 60 making up 
the whole circumference, on account that 36*0 days made 
up the year of the ancients, in which time the sun was 
supposed to complete his course in the circle of the 
ecliptic.—In these fractions, the denominator being al¬ 
ways 60, or a multiple of it, it is usually omitted, and 
the numerator only set down : thus, 3° 45' 24” 4(>”' &c, 
is to be read, 3 degrees, 45 minutes, 24 seconds, 40 
thirds, Sec. 

SEXANGLE, in Geometry, a figure having 6 angles, 
and consequently 6 sides also. 

SEXENARY or Sextuple Scale of Notation, is that 
in which the local value of the digits increase in a sixfold 
proportion. See Scale, and Notation. 

SEXTANS, a sixth part of certain things. The Ro¬ 
mans divided their as, which was n pound of bruss, into 
12 ounces, called tincia, from unum ; and the quantity 
of 2 ounces was called sextans, as being the 6th part of 
the pound. 

Sextans was also'a measure, which contained 2 
ounces of liquor, or 2 cyatlii. 

Sextans, the. Sextant, in Astronomy, a new constel¬ 
lation, placed across the equator, but on the south side 
of the ecliptic, and by Hcvelius made up of some un¬ 
formed stars, or such as were not included in any of the 
48 old constellations. In Hevclius's catalogue it contaiu* 
11 stars, but iu the Britannic catalogue 41* 
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MiXTANT/dcnotcs the6th part of a circle, or an arch 
containing 60 degrees. 

Sextant is more particularly used for an astronomical 
instrument. It is made like a quadrant, excepting that 
its limb only contains 6*0 degrees. Its use and applica¬ 
tion are the same with those of the Quadrant; which 
see. 

SEXTARIUS, an ancient Roman measure, containing 
2 cotylce, or 2 hcinina?. 

SEXT1LE, the aspect or position of two planets, when 
they are distant the 6th part of the circle, viz, 2 signs or 
6*0 degrees; and it is marked thus *. 

SEXTUPLE, denotes 6 fold in general. But in music 
it denotes a mixed sort of triple time, which is beaten in 
double time. 

i SHADOW, Shade, in Optics, a certain space deprived 
of light, or where the light is weakened by the interposi¬ 
tion of some opaque body before the luminary. 'I he 
doctrine of shadows makes a considerable article in op¬ 
tics, astronomy, and geography ; and is the general foun¬ 
dation of dialling. As nothing is seen but by light, a 
mere shadow is invisible; and therefore when wc say we 
sec a shadow, we mean, partly that wc sec bodies placed 
in the shadow, and illuminated by light reflected from 
collateral bodies, and partly that wc see the confines of 
the light. 

When the opaque body, that projects the shadow, is 
perpendicular to the horizon, and the plane it is projected 
on is horizontal, the shadow is called a right one : such 
as the shadows of men, trees, buildings, mountains, &c. 
But when the body is placed parallel to the horizon, it 
is called a versed shadow; as the arms of a man when 
stretched out, &c. 

Laws of the Projection of Shadows . 

1. Every opaque body projects a shadow in the same 

direction with the rays of light; that is, towards the part 
opposite to the light. Hence, as either the luminary or 
the body changes place, the shadow likewise changes its 
place. . k 

2. lEvcry opaque body projects as many shadows as 
there arc luminaries to enlighten it. 

3. As the light of the luminary is more intense, the 
shadow is the deeper. Hence, the intensity of the sha¬ 
dow is measured by the degrees of light that space is de¬ 
prived of. In reality, the shadow itself is not deeper ; 
but it appears so, because the surrounding bodies are 
more vividly illuminated. 

4. When the luminous body and opaque one are equal, 
the shadow is always of the same breadth with the opaque 
body. But when the luminous body is the larger, the 
shadow becomes always less and less, the farther it is 
from the body. And when the luminous body is the 
smaller of the two, the shadow increases always the 
wider, the farther from the body. Hence, the shadow 
of an opaque globe is, in the first case a cylinder, in 
the second case it is a cone verging to a point, and in the 
third case a truncated cone that enlarges still the more 
the farther it is from the body. Also, in all these cases, a 
transverse section of the shadow, by a plane, is a circle, 
respectively, in the three cases, equal, less, or greater than 
a great circle of the globe. 

5. To find the length of the shadow, or the axis of 
the shady cone, projected by a sphere, when it is illumi¬ 
nated by a larger one; the diameters and distance of the 
two spheres being known. Let c aud d be the centres of 


the two spheres, ca the semidiamotcr of the larger, and 
db that of the smaller, both perpendicular to the side 



of the conical shadow bef, whose axis is de, continued 
to c ; and draw bg parallel to r thc same axis. Then, 
the two triangles ago and bde being similar, it will be 
ag : on or cd : : bd : de, that is, as the difference of 
the semidiameters is to the distance of the centres, so is 
the semidiameter of the opaque sphere to the axis of the 
shadow, or the distance of its vertex from the said opaque 
sphere. 

Ex. gr. If bd = 1 be the semidiamotcr of the earth, 
and ac = 101 the mean semidiameter of the sun, also 
their distance cd or gb = 24006; then as 100 : 24000 
: : 1 : 240 = de, which is the mean height of the earths 
shadow, in semidiameters of the base. 

6. To find the length of the -shadow AC projected by 
an opaque body ab; having given the altitude of the 
luminary, for ex. of the sun, above the horizon, viz, the 
angle c, and the height of the object ab. Here the pro¬ 
portion is, as tang. Z.C : radius :: ab : Ac. 

Or, if the length of the shadow ac be given, to find 
the height ab, it will be, 

as radius : tang. Z.c ;: ac : ab. 

Or, if the 
length of the 
shadow ac, 
and of the ob¬ 
ject ab, be 
given, to find 
the sun’s alti¬ 
tude above the 
horizon, or the 
angle at c. It 
will be, 

as ac : ab : : radius : tang. Z.C sought. 

7. To measure the height of any object, ex. gr. a column 
ab, by means of its shadow projected on an horizontal 
plane.—At the extremity of the shadow, at c, erect a 
stick or pole cd, and measure the length of its shadow 
ce; also measure the length of the shadow ac of the 
tower. Then, by similar triangles, it will be, as ec s CD 
: : ca : ab. So if ec = lOTcct, cd = 6 feet, and ca 
= 95 feet; then as 10 : 6 : : 95 : 57 feet = ab, the 
height of the tower sought. 

Sir a Dow, in Geography. The inhabitants oflhc earth 
arc divided, with respect to their shadows, iqto Ascii, 
Amphisch, Hbtkroscii, and Periscii. See these se¬ 
veral terms. 

Shadow, in Perspective, is of great use in this art.— 
Having given the appearance of an opaque body, and a 
luminous one, whose rays diverge, as a candle, or lamp, 
&c; to find the exact appearance of the shadow, accord¬ 
ing to the laws of perspective. The method is this: From 
the lumino’us body, which is here considered ns a point, 
let fall a perpendicular to the perspective plane or table; 
nnd from the several angles, or raised points of the body, 
let fall perpendiculars to the same plane; then connect 
the points on which these latter perpendiculars fall, by 




S II A 


C 385 ] 


S II A 

right lines, with the point on which the first falls; con¬ 
tinuing these lines beyond the side opposite to the lumi¬ 
nary, till they meet with asmany other lines drawn from 
the centre ol the luminary through the said angles 'or 
raised points ; so shall the points of intersection of these 
lines be the extremes or bounds of the shadow. 

For example, to project the appearance of the shadow 
of a prism ABCDLF, see- 
nographically delineated. 

Here m is the place of the 
perpendicular of the light 
l, and i>, e, v those of 
jhe raised points A, b, c, • 
of the prism; therefore, 
draw meii, mug, Ac, and 
Mill, lag, Ac, which will 
gi\o D eg it Ac for the ap- 
pcamiicc of the shadow. 

As for those shadows 
that arc intercepted “by 
other objects, it may be observed, that when the shadow 
of a line falls upon any object, it must necessarily take 
the form of that object. • If it fall upon another plane, 
it will be a right line ; if upon a globe, it will be circular; 
and if upon a cylinder or cone, it will be circular, or oval, 
&c c. If tho body intercepting it be a plane, whatever be 
the situation of it, the shadow fulling upon it might be 
found by producing that plane till it intercepted the per¬ 
pendicular let fall upon it from the luminous body ; for 
then a line drawn from that point would determine the 
shadow, just as if no other plane had been concerned. 
But the appearance of all these shadows may be drawn 
with less trouble, by first drawing it through these inter¬ 
cepted objects, as if they had not been in the way, and 
then making the shadow to ascend perpendicularly up 
every perpendicular plane, and obliquely on those tldit 
are situated, obliquely, in the manne r described by Dr. 
Priestley, in his Perspective, pa. 73 Ac. 

Here we may observe in general, that since the shadows 
of all objects which arc cast upon the ground, will vanish 
into the horizontal line ; so, for the same reason, the viv 
nLlting points of all shadows, which are cast upon any 
inclined or other plane, will be somewhere in the vanish¬ 
ing* line of that plane. 

When objects arc not supposed to be viewed by the 
light of the sun, or of a candle Ac, but only in the light 
of a cloudy day, oy in a room into which the sun does not 
shine, there is no sensible shadow of the upper part of the 
object, and the lower part only makes the adjacent objects, 
or plane of the ground or floor on which it stands, a little 
darker than the rest. This imperfect obscure kind of 
shadow is easily made, being nothing more than a shade on 
the ground, opposite to the side on which the light comes; 
and it may be continued to a greater or less distance, ac¬ 
cording to the supposed brightness of the light by which 
it is made. It is in this manner (in order to save trouble, 
and sometimes to prevent confusion) that the shadows in 
most drawings are made. On this subject, sec Priestley's 
Perspcct. above quoted ; also Kirby's Persp. book 2,ch. 4. 

SHA FT of a Column, in Building, is the body of it; thus 
called from its straightness : but by architects more com¬ 
monly the Fust. 

Su apt is also used for the spire of a church steeple; 
aud for the shank or tunnel of a chimney. 

SHARP (Abkaiiam), an ingenious mathematician, 
Vol. II. 


mechanist, and astronomer, was descended from an an¬ 
cient family at Littlc-IIorton, near Bradford, in the \Ve>r 
Hiding of Yorkshire, where he was born about the year 
1(351. At a proper age lie was put apprentice to a mer¬ 
chant at Manchester; but his genius led him so stronglv 
to the study of mathematics, both theoretical and practi¬ 
cal, that he soon became uneasy in th.it situation of life. 
By the mutual consent therefore of his master and him¬ 
self, though not altogether with that of his father, lie 
quitted the business of a merchant. On this he removed 
to Liverpool, where lie gave himself up wholly to the 
study of mathematics, astronomy, Ac; and where, for a 
subsistance, he opened a school, and taught writing and 
accounts, Ac. 

lie had not been long nt Liverpool when he acciden¬ 
tally fell in company with a merchant or tradesman vi¬ 
siting that town from London, in whose house it seems the 
astronomer Mr. Flamsteed then lodged. With the view 
therefore of becoming acquainted with this eminent man, 
Mr. Sharp engaged himself with the merchant as a book¬ 
keeper. in consequence he soon contracted an intimate 
acquaintance and Jrirndship with Mr. Flamsteed, by 
whose interest and recommendation he obtained a more 
profitable employment in the dock-yard at Chatham ; 
where lie continued till Ins friend and patron, knowing Ins 
great merit in astronomy and mechanics, called him to 
his assistance, in contriving, adapting, and fitting up the 
astronomical apparatus in the lloyal Observatory at 
Greenwich, which had been lately built, namely about 
the year l6’7fi; Mr. Flamsteed being then 30 years of age, 
and Mr. Sharp 25. 

In this situation he continued to assist Mr. Flamsteed 
in making 9bservalions (with the mural arch, of SO inches 
radius, and 140 degrees on the limb, contrived and gra¬ 
duated by Mr. Sharp) on the meridional zenith distances 
of the fixed stars, sun, moon, and planets, with the times 
of their transits over the meridian ; also the diameters of 
the sun and moon, and their eclipses, with those of Jupi¬ 
ter's satellites, the variation of the compass, Ac. He as¬ 
sisted him also in making a catalogue of near 3000* fixed 
6tars, as to their longitudes and magnitudes, their right 
ascensions and polar distances, with the variations of the 
same while they change their longitude by one degree. 

But from the fatigue of continually observing the stars 
at night, in a cold thin air, joined to a weakly constitution, 
he was reduced to a bad stale of health ; for the recovery 
of which he dcsirod leave to retire to his house at Horton; 
where, as soon ns he found himself on the* recovery, he 
begnn to fit up an observatory of his own ; having first 
made an elegant and curious engine for turning all kinds 
of work in wood or brass, with a maundril for turning 
irregular figures, as ovals, roses, wreathed pillars, Ac. 
Besides these, lie made himself most of the tools used by 
joiners, clockmakcrs, opticians, mathematical instrument- 
makers, Ac. The limbs or arcs of his large equatorial 
instrument, sextant, quadrant, Ac, he graduated with 
the nicest accurucy, by diagonal divisions into degrees 
and minutes. The telescopes he used were all of his own 
making, and the lenses ground, figured, and adjusted 
with his own hands. 

It was at this time that he assisted Mr. Flamsteed in 
calculating most of the tables in the second volume of his 
Historia Coelestis, as appear^ by their letters, to be seen 
in the hands of Mr. Sharp’s friends at Horton. Likewise 
the curious drawings of the charts of all the constelia- 
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tions visible in our hemisphere, with the still more excel¬ 
lent drawings of the planispheres both of the northern and 
southern constellations. And' though these drawings of 
the constellations were sent to be* engraved at Amsterdam 
by a masterly hand, yet the originals far exceeded the 
engravings in point of beauty and elegance: these were 
published by Mr. Flamsteed, and both copies may be 
seen at Morton. 

The mathematician meets with something extraordinary 
in Sharps elaborate treatise of Geometry Improved (in 
4to 1717, signed A. S. Philomath.), 1st, by a large and 
accurate table of segments of circles, its construction and 
various uses in the solution of several difficult problems, * 
with compendious tables for finding a true proportional 
part; and their use in these or any other tables exempli¬ 
fied in making logarithms, or their natural numbers, to GO 
places of figures; there being a tabic ol them lor all 
primes to 1100, true to 6 1 figures. 2d, His concise 
treatise of Polycdra, or solid bodies of many bases, both 
ihc regular ones and others : to which arc added twelve 
new dues, with various methods of forming them, and 
their exact dimensions in surds, or species, and in num¬ 
bers: illustrated with a variety of copper-plates, neatly 
engraved by bis own hands. Also the models of these 
polycdra he cut out in boxwood with amazing neatness 
urn! accuracy. Indeed few or none of the mathematical 
instrument-makers could exceed him in exactly gradua¬ 
ting oc neatly engraving any mathematical or astronomical 
instrument, ns may be seen in the equatorial instrument 
above-mentioned, or in his sextant, quadrants and dials 
of various kinds; also in a curious armillary sohere, 
which, besides the common properties, has moveable cir¬ 
cles &c, for exhibiting and resolving all spherical trian¬ 
gles ; also his double sector, with many other instru¬ 
ments, all contrived, graduate ' and finished, in a most 
elegant manner, by himself. In short, he possessed at 
once a remarkably clear head for contriving, and an ex¬ 
traordinary band for executing any thing, not only in 
mechanics, but also in drawing, writing, and making the 
most exact and beautiful schemes or figures in all his cal¬ 
culations ami geometrical constructions. 

• The quadrature of the' circle was undertaken by him 
for bis own private amusement in the year l6'99* deduced 
from two different scries, by which the truth of it was 
proved to 72 places of figures ; that is, if the diameter of 
a circle be 1, the circumference will be found equal to 
:VI41592653589793238462()4J383279502884197 10939 
.9375105820974944592307816405&C. He gave also 
ingenious improvements on the making of logarithms, 
and the constructing of the natural sines, tangents, aud 
secants. 

He also calculated the natural and logarithmic sines, 
tangent*, and secants, to every second in the first minute 
of the quadrant: the laborious investigation of which may 
probably be seen in the archives of the Royal Society, 
v ns they were presented to Mr. Patrick Murdoch for that 
purpose; exhibiting his very neat and accurate manner of 
writing and arranging his figures, not to be equalled per¬ 
haps by the best penman now living. 

The late ingenious Mr. Smcaton says (Philos. Trans, an. 
1786, pa. 5, &c):—“ In the year 1689. Mr. Flamsteed 
completed his mural arc at Greenwich ; and, in the Pro¬ 
legomena to his Hi9toria Ccelestis; he makes an ample ac¬ 
knowledgment of the particular assistance, care, and in¬ 
dustry of Mr. Abraham Sharp; whom, in the month of 


August 1688, he brought into the observatory, as his 
amanuensis; and being, as Mr.Flamsteed tells us, not 
only a very skilful mathematician, butexceedingly expert 
in mechanical operations, he was principally employed 
in the construction of the mural arc; which in the com¬ 
pass of 14 months he finished, so greatly to the satisfaction 
of Mr. Flamsteed, that he speaks of him in the highest 
terms of praise. 

“ This celebrated instrument, of which he also gives the 
figure at the end of the Prolegomena, was of the radius of 
6 feet 7 i inches; and, in like manner as the sextant, it was 
furnished both with screw and diagonal divisions, all per¬ 
formed by the accurate hand of Mr. Sharp. Yet, who¬ 
ever compares the different parts of the table for conver¬ 
sion of the revolutions and parts of the screw belonging to 
the mural arc into degrees, minutes, and seconds, with . 
each other, at the same distance from the zenith on dif¬ 
ferent sides; and with their halves, quarters, &c, will find 
as notable a disagreement of the screw-work from the hand 
divisions, as had appeared before in the work of Mr.Tovn- 
pion : and hence we may conclude, that the method of 
Dr. Hooke, being executed by two such masterly hands as 
Tompion and Sharp, and found defective, is in reality not 
to be depended upon in nice matters. 

“ From the account of Mr. Flamsteed it appears also, 
that Mr. Sharp obtained the zenith point of the instru¬ 
ment, or line of collimation, by observation of the zenith 
stars, with the face of the instrument on the east and on 
the west side of the wall: und that having made the index 
stronger (to prevent flexure) than that of the sextant, and 
thereby heavier, he contrived, by means of pulleys alid 
balancing weights, to relieve the hand that was to move it 
from a great part of its gravity. Mr. Sharp continued in 
strict correspondence with Mr. Flamsted|l os long as he 
lived, as appeared by lettcrsof Mr. Flamsteeds found after 
Mr. Sharp’s death ; many of which I have seen. 

“ I have been the more particular relating to Mr. Sharp, 
in the business of constructing this mural arc ; not only 
because we may suppose it the first good and valid instru¬ 
ment of the kind, but because I look upon Mr. Sharp to 
have been the first person that cut accurate and delicate 
divisions upon astronomical instruments ; of which, inde¬ 
pendent of Mr. Flamsteed’s testimony, there still remain 
considerable proofs: for, after leaving Mr. Flatastefcd.and 
quitting the department above-mentioned, he retired into 
Yorkshire, to the village of Little Horton, near Bradford, 
where be ended his days about the year 174-2 ; and where 
1 have seen not only a large and very fine collection of 
mechanical tools, the principal ones being made with bis 
own hands, but also a great variety of scales and instru¬ 
ments made with •them, both in wood and brass, the divi¬ 
sions of which were so exquisite, as would not discredit the 
first artists of the present times : and I bejieve there is now 
remuining a quadrant, of 4 or 5 feet radius, framed of 
, wood, but the limb covered with a brafs plate; the sub¬ 
divisions being done by diagonals, the lines of which are 
ns finely cut as those upon the quadrants at Greenwich. 
The delicacy of Mr. Sharp's band will indeed permanently 
appear from the copper-plates in a quarto book, published 
in the year 1718, intituled Geometry Improved by A. 
Sharp, Philomath/* (or rather 1717, by A. S. Philomath.) 
u whereof not only the geometrical lines upoifthc plates, 
but the whole of the engraving of letters and figures, were 
done by himself, as I was told by a person in the mathe¬ 
matical line, who very frequently attended Mr. Sharp jn 



S H A 


* II 1 


[ 3S7 ] 


the latter part of his life. I therefore look upon M r. Sharp 
•is the first person that brought the affair of huml ill vision 
to any degree of perfection/' 

Mr. Sharp kept up a correspondence by letter* with most 
of the eminent mathematicians and astronomers ol Ins 
lime, as Mr. Flamsteed, Sir Isaac Newton, Dr. Halley, Dr. 
Wallis, Mr. Hodgson, Mr.Sberwin,&c, the answers to which 
letters are all written upon the backs, or empty spaces, 
of the letters he received, in a short-hand of his own con¬ 
trivance. From a great variety of letters (of which a large 
chest full remain with his friends) from these* and many 
other celebrated mathematicians, it is evident that Mr. 
Sharp spared neither pains nor time to promote real 
science. Indeed, being one of the most accurate and in¬ 
defatigable computers that ever existed, he was for many 
years the common resource for Mr. Flamsteed, Sir Jonas 
Moore, Dr. Halley, and others, in all sorts of troublesome 
and delicate calculations. 

Mr. Sharp continued all his life a bachelor, and spent 
his time as recluse as a hermit. He was of a middle sta¬ 
ture, but very thin, being of a weakly constitution ; he 
was remarkably feeble the last three or four years before 
he died, which was on the 18th of July 1742, iii the 91st 
year of his age. 

In his retirement at Little Horton, he employed four or 
five rooms or apartments in his house for different pur¬ 
poses, into which none of his family could possibly enter 
at any time without his permission. He was seldom vi¬ 
sited by any persons, except two gentlemen of Bradford, 
the one a mathematician, and the other an ingenious apo¬ 
thecary : these were admitted, when he chose to bo seen by 
them, by the signal of rubbing a stone against a certain 
part of the outside wall of the house. He duly attended 
the dissenting chapel at Bradford, (of which he was a mem¬ 
ber,) every Sunday ; at winch time he took care to be pro¬ 
vided with plenty of halfpence, which he very charitably 
suffered to be taken singly out of his hand, held behind 
him during his wajk to the chapel, by a number of poor 
people who followed him, without his ever looking back, 
or asking a single question. 

Mr. Sharp was very irregular as to his meals, and re¬ 
markably sparing in his diet, which he frequently took in 
the following manner. A little square hole, something like 
a window, made a communication between the room where 
he was usually employed in calculations, and another 
chamber or room in the house where a servant could en¬ 
ter ; and before this hole he had contrived asliding hoard : 
the servant always placed his victuals in this hole, without 
speaking or making any the least noise; and when he had 
a little leisure he visited his cupboard to see what it afforded 
to satisfy his hunger or thirst. But it often happened, 
that the breakfast, dinner, and supper have remained un¬ 
touched by him, when the servant has gone to remove what 
was left—so deeply engaged had he been in calculations. 
Cavities might easily be perceived in an old English oak 
tabic where he sat to write, by the frequent rubbing and 
wearing of his elbows.— Guita carat lapidcni , tfc . 

By Mr. Sharp's epitaph it appears that he was related to 
archbishop Sharp. And Mr. Sharp the eminent surgeon, 
who it seems hat lately retired from business, is the ne¬ 
phew of our author. Another nephew was the father of 
Mr. Ramsdcn, the late celebrated instrument-maker, who 
»ay» that bis grand uncle Abraham, our author, was some 
time in his younger days an exciseman ; which occupation 
he quitted on coming to a patrimonial estatcof about 2001. 
a-ycar* 


Sharp, in Music, a kind of artificial note, or rim rac¬ 
ier, thus formed * : tins being prefixed to any note, snow- 
that it is to be sung or played a semitone or hail mu* 
higher than the natural note is. When a sharp i* placeu 
at the beginning of a stave or movement, it shows that all 
notes that arc found on the same line, or space, throughout, 
are to be raised half a tone above their natural pitch, un¬ 
less a natural intervene. When a sharp occurs accidental¬ 
ly, it only affects as many notes as follow it on the same 
line or space, without a natural, in the compass cf a bar. 

SHEAVE, in Mechanics, a solid cylindrical wheel, fixed 
in a channel, and moveable about an axis, as being used 
to raise or increase the mechanical powers applied to re¬ 
move any body. 

SH EERS, aboard a ship, an engine used to hoist or dis¬ 
place the lower masts of u ship. 

SHEKEL, or Suekle, an ancient Hebrew coin and 
weight, equal to 4 Attic drachmas, or 4 Homan denarii, or 
2s. 9yd. sterling. According to futher Mersenne, the He¬ 
brew shekel weighs 2bS grains,and is composed of 20 oboli, 
each obolus weighing 10 grains of wheat. 

SHERBURNE (Edward), an ingenious scholar, was 
born in London in 1 ()!(>, and died in 1702. After com¬ 
pleting his education, he travelled abroad ; but returned in 
1041, and succeeded, on his father's death, to tlicofKceof 
clerk of the ordnance. He was imprisoned for some time 
by the parliament, and on recovering Ins liberty joined the 
king, whom he served with great bravery, by which he 
suffered considerably in *his estate. After the battle of 
Edgchill lie went to Oxford, where he was created master 
of arts. At the restoration he recovered his place, was 
knighted, and made commissary-general of the artillery. 

Sherburne published a volume of poems, and a trans¬ 
lation of Seneca's tragedies. But his chief work was a 
translation of The Sphere of M Manilius, made an English 
poem, with annotations and an astronomical appendix : 
London 1675, in folio. Of the parts of this poem, their 
distribution and order, and of the interpreter’s labours in 
explaining it, both in his learned notes and considerable 
appendix, he observes, that the poem begins with a suc¬ 
cinct indication of the origin and progress of arts and 
sciences, particularly of astronomy ; of which last, besides 
what the translator has noted in his marginal illustrations, 
he has added, for the satisfaction of the more curious, a 
compendious history, continued down to the age of Mani-. 
lius ; with a very instructive catalogue of the most emi¬ 
nent astronomers, from the first parent of all arts, and 
mankind itself, to the editor's time. A f more particular 
and satisfactory account of this work may be scon in tlui 
Philos. Trans. vol.9» pa* 228, or in my Abridg. vol. 2, 
pa. 185. 

SHILLING, an English silver coin, equal to 12 pence, 
or the 20th part of a pound sterling. This was a Saxon 
coin, being the 48th part of their pound weight. Its value 
at first was 5 pence; but it was reduced to 4 pence about 
a century before the conquest. After the conquest, the 
French solidus of 12 pence, which was in use among the 
Normans, was called by the English name of shilling ; and 
the Saxon shilling of 4 pence took a Norman name, and 
was called the groat, or great coin, because it was the 
largest English coin then known. From this time, the 
shilling underwent many alterations. 

In the time of Edward the 1st, the pound troy was the 
same as the pound sterling of silver, consisting of 20 shil¬ 
lings ; so that the shilling weighed the 20th part of a pound. 
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nr more than half an ounce troy. But some are of opi¬ 
nion. there were no coins of this denomination, till Henry 
the 7th, in the'year 1504. first coined silver pieces of 12 
pence value, which we Call shillings. Since the reign of 
Elizabeth, a shilling weighs the 62nd part of a pound 
troy, or 3 dwts. grs, the pound weight of silver ma¬ 

king 62 shillings. And hence the ounce of silver is worth 
5£ shillings, or 5s. 2d. 

Many other nations have also their shillings. The En¬ 
glish shilling is worth about 23 French sols; those of Hol¬ 
land and Germany about halt as much, or 11 j sols; those 
of Flanders, about f). The Dutch shillings arc also called 
sols de pros, because equal to 12 gross. I he Danes have 
copper shillings, worth about one fourth of a tarthing ster¬ 
ling. 

SHIVERS, in a ship, the seamen’s term for those little 
round wheels, in which the iopc of a pulley or block runs. 
They turn with the rope, and have pieces of brass in their 
centres, into which the pin of the block goes, and on which 
they turn. 

SHOUT (James), a very eminent optician and tele¬ 
scope-maker, was the son ofa joiner at Edinburgh, where 
James was born in 1710. At ten years of age, Ins parents 
being both dead, he was placed ns a poor boy, in Heriot’s 
charity hospital at that place. Two years after however, 
having shown uncommon talents, he was sent to the high- 
school of that city, where he so much distinguished him- 
self in classical learning, that his friends thought of qua¬ 
lifying him for a learned profession. After 4 years spent 
at the high-scho >1, in 17-6 he was entered a student in the 
university of Edinburgh ; where lie passed through a rc- 
oular course of study ; took his degree of master of arts ; 
and, at the earnest entreaties of his relations, at:ended the 
divinity hall; after which, in 1731, he passed his trials to 
lit him fora preacher in the church of Scotland. 

Soon after this, however, the mind of our young artist 
began to revolt against the idea of a profession so little 
suited to his talents; and having had occasion to attend a 
course of Mr. Maclnurin's mathematical class in the col¬ 
lege, he there so much distinguished himself,tlml the pro¬ 
fessor took great notice of him, and invited him oftcu to 
liis house, where he had opportunities of knowing more 
fully the extent of the young man’s capacity. In 1732, 
Mr. M. kindly permitted his pupil to make use of his rooms 
in the college, for his apparatus, where tm began to work in 
his new profession of telescope-making, under the eye of 
his eminent master and patron ; who, in a letter about two 
years after to J)r. Jurin, mentions the proficiency made by 
Mr. Short, in constructing reflecting telescopes, in these 
words: “ Mr. Short, who had begun with making glass 
specula, is now employing himself to improve the metallic. 
By taking care of the figure, he is enabled to give them 
larger apertures than others have done; and, upon the 
whole, they surpass in perfection all that I have seen of 
other workmen.” The figure which Mr. S. gave to his 
great specula, was parabolic : which he did however not 
by any rule or canon, but by practice and mechanical de¬ 
vices. 

Mr. S. continued from this time to practise his art as 
a regular profession, with much success ; so that when, in 
the year 1736, he was called up to London, at the desire 
of queen Caroline, to give mathematical instructions to 
Wm. duke of Cumberland, lie had cleared the sum of 5001. 
by the profits of his business. Towards the end of the 
same year lie returned to Edinburgh; and having made 


several useful improvements in his art, during his slay in 
England, he now prosecuted it with fresh vigour and suc¬ 
cess. In 1739, being then again at London, the carl of 
Morton took Mr. S. with him on a lour to the Orkney 
isles, and engaged him there to adjust the geography of 
that part of Scotland. He returned to London with the 
earl, and finally established liimsc-lf there, in the line of 
his profession. In 17*13. he was employed by lord Tims, 
Spencer, to make a reflector of 12 feet focus, being tho 
largest that he ever constructed, except those for the king 
of Spain, and soin.- others of the same local distance, with 
great improvements and higher magnifiers. The telescope 
for the king of Spain was finished in the year J 752, which, 
with its w hole apparatus, c«si 1200/. But the insliumcnt 
rondo for lord I homas Spencer, having fewer accompani¬ 
ments, was purchased lor U00 guineas. Mr. Short died at 
Newington Butts, near Loudon, in 1768 , ut 58 years of 
age ; and, from the great profits and success ol his trade, 
left at his death a fortune of 20 thousand pounds. 

Mr. S was u good general scholar, besides well skilled 
in optics and mathematical learning. He was a very use¬ 
ful member of the Royal Society, and wrote a great mul¬ 
titude of excellent papers in the Philos. 'IVans..from the 
year 1736 till the time of his death. Among them, his 
determination ol the sun’s parallax at about 8^'’, from his 
ingenious calculations on the transit of Venus, has been 


pretty generally adopted by astronomers. 

SHORT-SIG'HTEDN ESS, myopia, a defect in the con¬ 
formation of the eye, when the crystalline &c being too 
convex, the rays that enter the eye are refracted too much, 
and made to converge too fast, so as to unite before they 
roach the retina, by which means vision is rendered dim 
and confused. 

It is commonly thought that short-sightedness wears off 
in old age, on account of the eye becoming flatter; but 
Dr. Smith questions whether this be matter of. lact, or 
only hypothesis. It is remarkable that short-sighted per¬ 
sons commonly write a small hand, and aflect a small 
print, because they can see more ol it at one view : that 
it is customary with them not to look at the person they 
converse with, because they cannot well see the motion 
of his eyes and features, and are therefore attentive to his 
words only: that they see more distinctly, and somewhat 
further oft, by nstrong light, than by a weak one; because 
n strong light causes a contraction of the pupil, and con¬ 
sequently of the pencils, both here and at the retina, which 
lessens their mixture, and consequently the apparent con¬ 
fusion ; and therefore, to see more distinctly, they almost 
close th^ir eye-lids, for which reason they were anciently 
called myopes. Smith’s Optics, vol. 2, Hem. pa. 10. 

Dr. Jurin observes, that persons who arc much and long 
accustomed to view objects at small distances, as students 
in general, watchmakers, engravers, painters in miniature, 
&c, see better at small distances, and worse at great di¬ 
stances, than other people. And he gives the reasons, 
from the mechanical effect of habit in the eye. Essay ott 
Dist. and Indist. Vision. 

The ordinary remedy for short-sightedness is a concave 
lens, held before the eye ; for this causing the rays to di¬ 
verge, or at least diminishing much of their convergcncy, 
it makes a compensation for the too great convexity of the 
crystalline. Dr. Hooke suggests another remedy; ’wbicti 
is to employ a convex glass, m a position between the ob¬ 
ject and the eye, by means of which, the object may be 
made to appear at any distance from itajnd so the eye be 
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made to contemplate the picture in the same manner as if 
the object itself were in it* place. But here unfortunately 
the image will appear inverted : for this however he has 
some whimsical expedients ; viz, in reading to turn the 
book upside down, and to learn to write upside down. 
As to distant objects, the doctor asserts, from his own ex¬ 
perience, that with a little practice in contemplating in¬ 
verted objects, one gets as good an idea ot them as it seen 
in their natural posture. 

SHOT, in the Military Art, includes all kinds of balls 
or bullets for tire arms, from the cannon to the pistol. As 
to those for mortars, they are usually called shells. Shot 
are mostly of a round form, though there arc other shapes. 
Those lor cannon are o! iron ; but those for muskets and 
pistols are of lead. Cannon shot and shells are usually 
set up in piles, or heaps, tapering from the base towards 
the top; the base being either a triangle, a square, or a 
rectangle; from which the number in the pile is easily 
computed. See Pile. 

The weight and dimensions of balls may be found, the 
one from the other, whether they arc of iron or ol lead. 
Thus, the weight of an iron ball of 4 inches diameter, is 
ylb, and because the weight is as the cube ol the diameter, 
therefore as 4 J : 9 : : (P : the weight ol the 

iron ball whose diameter is d; that is, -Jr of the cube ot 
its diameter. And, conversely, if the weight be given, 
to find the diameter, it will bcx/% A iv = d ; that is, take 
V or 7£ of the weight, and the cube root'of that will he 
the diameter of the iron ball. 

For leaden balls ; one of 4i inches diameter weighs 17 
pounds; therefore as the cube of 4$ is to 17, <>r 
nearly as 9 : 2 : : d*: %d* = w, the weight of the leaden 
ball whose diameter is d, that is, \ ol the cubeot the 
diameter. On the contrary, if the weight be given, to 
find the diameter, it will be y/%w = d ; chat is, | or 4J 
of the weight, and the cube root of the product. See 
my Conic Sections and Select Exercises, pa. 141 ; or my 
Math. Course, vol. 2, p. 2G9. 

SHOULDER of a Bastion, in Fortification, is the an¬ 
gle where the face and the Hank meet. 

SHOULDERING, in Fortification. See Epaule- 
me*t. 

SliUCKBURGH-EVELYN (SirGEOROE A. W. hart.) 
died at his seat in Warwickshire, Sept. 1804, in the 54th 
year of his age. He had represented that county in three 
successive parliaments ; where his integrity, and inde¬ 
pendent conduct as a British senator, procured him the 
respect of all wise and good men. Sir G. was an elegant 
classical scholar, and had improved his knowledge of men 
and science by profitable travels through Europe. lie 
was a considerable mathematician and philosopher, and 
well skilled in astronomy both theoretical and practical ; 
in which sciences bis deep and laborious researches gave 
him a distinguished rank in the Royal and Antiquarian 
Societies, whose publications arc adorned with several of 
bis learned and ingenious compositions, particularly his 
paper on the Barometrical Measurements of Altitudes. 
Sir Geo. carried his mathematical and logical habits inlo 
every purpose in life, in every circumstance of which, he 
was one of the most correct and methodical of men. Of 
men, and motives of action. Sir Geo. was a most accurate 
judge, and was always attentive to guard himself against 
the impositions of the designing. In matters of science 
too, no man was more wary of making hasty’inferences, 
or of forming general conclusions from partial or inac- 
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curate observations. Truth was his darling object ; which 
he endeavoured to discover, and to detect error, by the 
most patient vigilance. Had bir Geo. devoted more of 
his tune lo those pursuits, lie would probably have had 
few superiors in philosophical celebrity. The pains he 
took io adjust a regular and umtoiin standard ol weights 
and measures, the tardy cautmusiies* of I,is experiments, 
the accuracy ot his calculations, and the practicability 
of his schemes, entitle him to the highest |>rai>e, among 
suc h as have laboured for (he public benefit. 

SII\VAN-/mi#i, a Chinese instrument, composed of a 
number of wires, with beads upon them, which they move 
backwards, and forwards, and widen serves to assist them 
in their computations. See Abacus. 

SIDE, lat us, in Geometry. The side of a figure is a 
line making part of the periphery of any superficial figure. 
In triangles, the sides are also called legs. In a right- 
angled triangle, the two sides that include the right angle, 
are called catheti, or sometimes the base and perpendicu¬ 
lar; and the third side, the hypothenuse. 

Side of a Polygonal Number, i* the number of terms in 
the arithmetical progression that ate summed up to form 
the number. 

Side of a Power , is what is usually called the root. 

Sides of Homeworks, Crown-works, Double-tenailles, 
&c, are the ramparts and parapets which inclose them 
on the right and left, from the gorge to the head. 

. SIDEREAL, something relating to the stars. As side¬ 
real year, day, &c, being those marked out by the stars. 

Sidereal Year . See Yeah. 

Sidereal Day, is the time in which any star appears 
to revolve from the meridian to the meridian again ; 
or the time in which the earth makes one complete revo¬ 
lution on its axis, which is 23 hours 56 4" 6 1 ' 1 of mean 
solar time; there being 366' sidereal days in a year; 
that is, the earth makes 366 revolutions on its axis, though 
wc only see the sun rise 365 times; so that 366 terres¬ 
trial revolutions would be exactly equal to 365 diurnal 
revolutions of the sun, if the equinoctial points were at 
rest in the heavens. But these points go backward, with 
respect to the sturs, at the rate of 50" of a degree in a 
Julian year; which causctli the sturs to have an apparent 
progressive motion eastward 50" in that time. And as the 
sun's mean motion in the ecliptic is only 11 signs 29° 45' 
40" 15'" in 365 days, it follows, that at the end of that 
time he will be 14* 1^ 45"' short of that point of the 
ecliptic from which he set out ul the beginning ; and the 
stars will be advanced 50" of a degree with respect to 
that point. 

Consequently; if the sun's centre be on the meridian 
with any star on any given day of the year, that star 
will be 14' 19" 45"' + 50" or 15' 9" 45"' east of the 
sun's centre, on the 365th day afterward, when the sun's 
centre is on the meridian ; and therefore that star will 
not come to the meridian on that day till the sun's centre 
has passed it by 1' 0" 38'" 57"" of mean solar time; for 
the sun takes so much time to go through an arc of 15' 
9 " 45'" ; and then, in 365* 0 h 1' 0" 38'" 57"" the star will 
have just completed its 366th revolution to the meri¬ 
dian. 

In the following tabic, of sidereal revolutions, the first 
column contains the number of revolutions of the stars; 
the others exhibit the times in which these revolutions 
are made, ns shown by a well regulated clock ; those on- 
the right hand show the daily accelerations of the star> r 
% 
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that is, how much any star gains upon the rime* shown hy 
.slicit a clock, in the corresponding revolutions. 
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c-ach of which 1 ?with the stars'in them, see under its pro¬ 
per article, Aruns, Taurus, &c. 

'Flic signs are distinguished, with regard to the season 
of the year when the sun ts in them, into vernal, eds rival, 
autumnal, and brumal. 

Vernal or S/iring Sic.vs, arc Aries, Taurus, Gemini. 
/Estival or Summer Signs, are Cancer, Leo, Virgo. 
Autumnal Signs, are Libra, Scorpio, Sagittary. 

Brumal or Winter Signs, arc Capricorn, Aquarius, 
Pisces. The vernal and summer signs arc also called 
northern signs, because they arc on the north side of the 
equinoctial ; and the autumnal and winter signs are called 
southern ones, because they arc on the south side of the 
same. 

The signs arc also distinguished into ascending and 
descending, according as they are ascending toward the 
north, or descending toward the south. Thus, the 

Ascending Signs, are the winter and spring signs, or 
those six from the winter solstice to the summer solstice, 
viz, the signs Capricorn, Aquarius, Pisces, Aries, Taurus, 
Gemini. And the 

Descending Signs are the summer and autumn signs, 
or the signs Cancer, Leo, Virgo, Libra, Scorpio, Sagit- 


This table will not differ the 279,936,000,000th part of 
a second of rime from the truth in a whole year. It was 
calculated by Mr. Ferguson; and it is the only table of 
the kind in which the recession of the equinoctial points 
has been taken into the calculation, 

SIGN, in Algebra, n symbol or character, employed to 
denote some particular operation. Those most commonly 
used arc, for addition, — for subtraction, x or • for 
multiplication, -f- for division, for the square root, 
y/ for the cubo root, and y/ for the nth root; also = for 
equality, &c. 

Sions, like, positive, negative , radical , &c. See the 
adjectives. 

Sign, in Astronomy, a 12th part of the ecliptic, or zo¬ 
diac ; or a portion containing 30 degrees of the same. 

The ancients divided the zodiuc into 12 segments, called 
signs; commencing at the point where the ecliptic and 
equinoctial intersect, and so counting forward from west 
to east, according to the course of the sun ; these signs» 
thoy named from the 12 constellations whioh possessed; 
those segments in the time of Hipparchus. Bub the con¬ 
stellations have since so changed their places, by the pre¬ 
cession of the equinox, that Aries is now found iu the 
sign called Taurus, and Taurus in that of Gemini, &c.« 

The names, arid characters, of the 12 signs, and their* 
order, are as follow : Aries qr, Taurus b» Gemini H, 
Cancer Leo Sl 9 Virgo tJR, Libra eCs, Scorpio III, Sa¬ 
gittarius Jf, Capricomus Jtf, Aquarius £?, Pisces X J 


tary. 


a 


Signs, Fixed, Masculine, &c ; see tlio adjectives. 

SILL.ON, in Fortification, an elevation of earth, made 
in the middle of the moat, to fortify it, when too b/oud. 
It is more usually allied the Envelope. 

SIMILAR, in Arithmetic and Geometry, the same with 
like. Similar things hare the same disposition or con¬ 
formation of parts, and differ in nothing but as to their 
quantity or magnitude; as two squares, or two circles, 
&c. In Mathematics, similar parts, as a, -a, have tlio 
same rutio to their wholes n, 6; and if the wholes have 
the same ratio to the parts, the parts arc similar. 

Similar angles, are also equal angles. 

Similar arcs , of circles, arc such as are like parts of 
their whole peripheries. And, in general, similar arcs of 
any like curves, are the like parts of the wholes. 

Similar bodies, in Natural Philosophy, are such. as 
have their particles of the same kind and nuture one with 
another. 

Si m i lar Curves. Two segments of two curves are said 
to be similar when, any right-lined figure being inscribed 
within one of them, we can inscribe always a similar 
rectilineal figure in the other. 

•Similar Conic Section*, arc such as are of the same 
kind, and have their principal axes and parameters pro¬ 
portional'. So, two ellipses are figures of the same kind, 
but thoy arc not similar unless the axes of the one have 
the same ratio as the axes of the other. And the samo of 
two hyperbolas, or two pnrabolas. And generally, those 
curves are similar, that are of tho same kind, and have 
tfioir corresponding dimensions in the same ratio.—All 
circles are similar figures. 

Similar Diameters qf Conic Sections, are such as make 
equal angles with their orilinnles. 

Similar Figures, or plane figures, are such as have 
all their angles equal respectively, each to each, and thein 
sides about the equal angles.proportional. And the same 
of similar polygons.—Similar plane figures have their 
areas or contents, in the duplicate ratio of their like sides, 
or as the squares of those sides. 

Similar Plane Numbers, are such, a* may be ranged 
into the. form of similar rectangles; that is, into rectan- 
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gles whose sides are proportional. Such arc 12 and 
48 ; for the sides of 12 are 6 and 2, and the sides of 48 
arc 12 and 4, which are in the same proportion, viz, 
6 ' : 2 : : 12 : 4. 

Similar Polygons, are polygons of the same number 
of angles, and the angles in the one equal severally to the 
angles in the other, also the sides about those angles pro¬ 
portional. • 

Similar Rectangles, are those that havetheirsidosabout 
the like angles proportional.—All squares are similar. 

Similar Segments of circles, are such as contain equal 
angles. 

Similar Solids , are such as are contained under the 
tame number of similar planes, alike situated.—Similar 
solids are to each other as the cubes of their like linear 
dimensions. 

Similar Solid Numbers , are those whose little cubes 
may be so ranged, ns to form similar parallelopipedons. 

Similar Triartgles, arc such as are equiangular ones, 
or have all their three angles respectively equal in each 
triangle. For it is sufficient fur triangles to be similar, that 
they be equiangular; because, being equiangular, they ne- ( 
ccssarily have their sides proportional, which is a condition 
of similarity, in all figures. As to other figures, having 
more sides than three, they may be equiangular, without 
having their sides proportional, and therefore without 
being similar.— Similar triangles arc ns the squares of their 
like sides* 

SIMILITUDE, in Arithmetic and Geometry, denotes 
the relation of things that are similar to each other. 
Euclid and, after him, most other authors, demonstrate 
every thing in geometry from the principle of congruity. 
Wolfius, instead of it, substitutes that of similitude, 
which, lie says, was communicated to him by Leibnitz, 
and which he finds of very considerable use in geometry, 
as serving to demonstrate many things directly, which are 
only demonstrable from the principle of congruity in a 
vcry*tedious manner. 

SIMPLE, something not mixed, or not compounded; 
in which sense it stands opposed to compound. The ele¬ 
ments arc simple bodies, from the composition of which 
there result all sorts of mixed bodies. 

Si 31 PLE Equation, Fraction, and Surd . Sec the sub¬ 
stantives. 

Simple Quantities, in Algebra, are those that consist 
of one term only; as a, or — ah, or 3 abc : in opposition 
to compound quantities, which consist of two or more 
terms ; as a b, or a - 4 - Qb — 3 qc. 

Simple Flank, and Tenaille, in Fortification. . See the 
substantives. 

Simple Machine , Motion , Pendulum , and Wheel, in 
Mechanics. See the substantives.' The simplest machines 
are always the most esteemed. And in geometry, the most 
•simple demonstrations arc the best 

Simple Problem , in Mathematics. Sec Linear 
Problem. % 

Simple Vision, in Optics* See Vision. 

SIMPSON (Thomas), p. r. s. a very eminent mathe¬ 
matician, and professor of mathematics in the Royal Mi¬ 
ll tar v Academy at Woolwich, was born at Market Bos- 
worth, in the county of Leicester, the 20th of August 1710. 
•His father was a stuff weaver in that town; and though in 
tolerable circumstances, yet, intending to bring up bis son 
Thomas to his own business, he took so little care of his 
education that he was only taught to read English. But 


nature had furnished him with talents and a genius for far 
other pursuits; which led him afterwards to the highest 
rank in the mathematical and philosophical sciences. 

Young Simpson very soon gave indications of his turn 
for study in general, by eagerly reading all books he could 
meet with, teaching himselt to write, and embracing every 
opportunity he could find ol deriving knowledge from other 
persons. His father observing him thus to neglect his bu¬ 
siness, by spending his time in reading what he thought 
useless books, and following other similar pursuits, used 
all his endeavours to check such proceedings, and to in¬ 
duce him to follow his profession with steadiness and better 
effect. And after many struggles for this purpose, the dif- 
ferenccs thus produced between them at length rose tosuch 
a height, that our author quitted his father's house en¬ 
tirely. 

On this occasion he repaired to Nuneaton, a town at a 
small distance from Bosworth, where he went to lodge at 
the house of a tailor's widow, of the name of Swinfield, 
who had been left with two children, a daughter and a 
son, by her husband, of whom the son, who wus the younger, 
being but about two years older than Simpson, had become 
his intimate friend and companion. And here he continued 
some time, working at his trade, and improving his know¬ 
ledge by reading such books as he could procure. 

Among several other circumstances which, long before 
this, gave occasion to show our author's early thirst for 
knowledge, as well as proving a fresh incitement to acquire 
it, was that of a large solar eclipse, which took place on 
the 11 th day of May, 1724. This phenomenon, so awful 
to many who are ignorant of the cause of it, struck the 
mind of young Simpson with a strong curiosity to discover 
the reason of it, and to be able to predict the like sur¬ 
prising events. It was however several years before lie 
could obtain his desire, which at length was gratified by 
the following accident. After he had been some lime at 
Mrs. Swinfieldat Nuneaton, a travelling pedlar came 
that way, and took a lodging at the same house, accord¬ 
ing to his usual custom. This man, to his profession of 
an itinerant merchant, had joined the more profitable one 
of a fortune-teller, which he performed by means of judi¬ 
cial astrology. Every one knows with what regard persons 
of such a cast are treated by the inhabitants of country 
villages; it cannot be surprising therefore that an untu¬ 
tored lad of 19 should look upon this man as a prodigy, 
and, regarding him in this light, should endeavour to in¬ 
gratiate himself into his favour; in which he succeeded so 
well, that the sage was no less taken with the quick natural 
parts and genius of his new acquaintance. The pedlar, 
intending a journey to Bristol fair, left in the (lands of 
young Simpson an old edition of Cocker's Arithmetic, to 
whi ch was subjoined'a short Appendix on Algebra, and 
a book Upon Genitures, by Partridge the alinunac-maker. 
These books he had perused to so good purpose, during 
the absence of his friend, as to excite his amazement upon 
his return ; in consequence of which he set himself about 
erecting u gcncthliaeal figure, in order to a presage of 
Thomas's future fortune. 

This position of the heaven* having been maturely con¬ 
sidered secundum artem, the wizard, with great confidence, 
pronounced, that, •• within two years time Simpson would 
turn out a greater man than himself!" 

In fact, our author profited so well by the encourage¬ 
ment and assistance’of the pedlar, afforded him from time 
to time when he occasionally came to Nuneaton, that, by 
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(he advice of his friend, lie at length made an open pro¬ 
fession of casting nativities himself; from which, together 
with teaching an evening school,, he derived a pretty pit¬ 
tance, so (hat he greatly neglected his weaving, to which 
indeed he had never manifested any great attachment, and 
soon became the oracle of Nuneaton, Boswoith, and the 
environs. Scarce a courtship advanced to a match, or a 
bargain to a sale, without previously consulting the infal¬ 
lible bimpson about the consequences. But as to helping 
people to stolen goods, he always declared that above his 
shill ; and over life and death he declared he had no power : 
all those called lawful questions be readily resolved, pro¬ 
vided the persons were certain as to the horary data of the 
horoscope : and, he has often declarer!, with such success, 
that il from very cogent reasons he had not been thoroughly 
convinced of the vain foundation and fallaciousness of his 
art, he never should have dropt it, as he afterwards found 
himself in conscience bound to do. 

About this time he married the widow Swinfichl, in 
whose house he lodged, though she was then almost old 
enough to he Ins grandmother, being upwards of fifty years 
of age. Alter this the family lived comfortably enough to¬ 
gether for some short time, SimpsOn occasionally working 
at his business of a weaver in the day-time, and teaching 
an evening school or telling fortunes at night; the family 
being also further assisted by the labours of young Swin- 
field, who had been brought up in the profession of his 
father. . 

But this tranquillity was soon interrupted, and* our 
author driven at once from his home and the profession of 
astrology, by the following accident. A young woman in 
the neighbourhood had long wished to hear or know some¬ 
thing of her lover, who had been gone to sea; but Simp¬ 
son had put her off from time to time, till the girl grew at 
last so importunate, that he could deny her no longer. 
Me asked her H she would be afraid if he should raise the 
devil, thinking to deter her 5 hut she declared she feared 
neither ghost nor devil : so he was obliged to comply. 
The scene of action pitched on was a barn, and young 
Swinfield was to act the devil or ghost; who being con¬ 
cealed under some straw in a corner of the barn, was, at 
a signal given, to rise slowly out from among the straw, 
with his face marked so that the girl might not know him. 
Every thing being in order, the girl came at the time ap¬ 
pointed ; when Simpson, after cautioning her not to be 
afraid, begun muttering sonic mystical words, and chalk¬ 
ing round about them, till, on the signal given, up rises 
the tailor slow and solemn, to the greut terror of the poor 
girl, who, before she had seen half his shoulders, fill into 
violent fits, crying out, it was the very image of her lover; 
and the effect upon her was so dreadful, that it was thought 
either death or mudiuss must be the consequence. So that 
poor Simpson was obliged immediately to abandon at once 
both his home and the profession of a conjuror. 

On this occasion it would seem lie fled to Derby, where 
he remained about two or three years, viz, from 1733 till 
1735 or 1736; instructing pupils in an evening school, 
and working at his trade by day. 

„ It would seem that Simpson hud an early turn for versi¬ 
fying* both from the circumstance of a song written hero 
in favour of the Cuvcndish family, on occasion of the par¬ 
liamentary election at that place, in the year 1733 j and 
from his first two mathematical questions lha£ were pub¬ 
lished in the Ladies Diary, which were both in a set of 
verseS| not ill written for the occasion. These were printed 


in the Diary for 1736, and therefore must at latest have 
been written in the year 1735. These two questions, being 
at that time pretty difficult ones, show the great progress 
he had even then made in the mathematics; and from an 
expression in the firsv of them, viz, where lie mentions his 
residence as being in latitude 52°, it appears he was not 
then come up to London, though he must have done so 
very soon after. 

Together with his astrology, he had soon furnished 
himself with arithmetic, algebra, and geometry sufficient 
to be qualified for looking into the Ladies Diary (of which 
he had afterwards for several years the direction), by 
which he came to understand that there was a still higher 
branch of the mathematical knowledge than any he had 
yet been acquainted with ; and this was the method of 
TSuxions. But our young analyst was quite at a loss to 
discover any English author who had written on the sub¬ 
ject, except Mr. Mayes ; and his work being a folio, and 
then pretty scarce, exceeded his ability of purchasing: 
however an acquaintance lent him Mr. Stone’s Fluxions, 
which is a translation of the Marquis dc rHospitafs Ana- • 
lyse des Infinimens Petits : by this one book, and his own 
penetrating talents, he was, as we shall sec presently, en¬ 
abled in a very few years to compose a much more accu¬ 
rate treatise on this subject than any thnt bad before ap¬ 
peared in our language. 

After he had quitted astrology and its emoluments, ho 
was driven to hardships for the subsistence of his family, 
while at Derby, notwithstanding his other industrious en¬ 
deavours in his own trade by day, and teaching pupils at 
evenings. This determined him to repair to London, 
which he did in 1735 or 1736. 

On his first coming to London, Mr. Simpson wrought 
for some time at his business in Spitalficlds, and taught 
mathematics at evenings, or any spare hours. His indus¬ 
try turned to so good account, that he returned down into 
the country, and brought up his wife and three children, 
she having produced her first child to him in his absence. 
The number of his scholars increasing, and his abilities 
becoming in some measure known to the public, he was 
encouraged to make proposals for publishing by subscrip¬ 
tion, 11 A new Treatise of Fluxions: wherein the Direct 
and Inverse Methods arc demonstrated after a new, clear, 
and concise Manner, with their Application to Physics 
and Astronomy: also the Doctrine of Infinite Series 
and Reverting Series universally, arc amply explained. 
Fluxionary and Exponential Equations Solved: together 
with a variety of new and curious Problems/' 

The book was published in 4to, in the year 1737* 
though the author had been frequently interrupted from 
furnishing the press so fast os he could have wished, 
through his unavoidable attention to his pupils for bis 
immediate suppoit. The principles of fluxions treated of 
in this work, arc demonstrated in a method accurately 
true and genuine, not different from that of their great 
inventor, being entirely expounded by finite quantities. 

In 1740, Mr. Simpson published a Treatise on The 
Nature and Laws of Chance, in 4to. To which arc an¬ 
nexed, Full and clear Investigations of two important 
Problems added in the 2d edition of Mr. Dcmoivre’s 
Book on Chances, os also two New Methods for the 
Summation of Series. 

Our author's next publication was a 4to volume of 
Essays on several curious and interesting Subjects in Spe¬ 
culative and Mixed Mathematics; printed in the samo 
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year 1740. Soon after the publication of this book, he 
was chosen a member of the Royal Academy at Stockholm. 

Our author's next work was, 1 he Doctrine of Annui¬ 
ties and Reversions, deduced from general and evident 
Principles: with useful Tables, showing the \ alues ot 
Single and Joint Lives, tS:c, in Svo, 1742. Ihis was fol¬ 
lowed, in 1743, by an Appendix containing some Remarks 
on a late book on the same Subject (by Mr. Abr. De- 
moivre, r. r. s.) with Answers to some personal and ma¬ 
lignant Representations in the Preface thereof. To this 
answer Mr. Demoivre never thought fit to reply. A new 
edition of this work has lately been published, augmented 
with the tract on the same subject that was printed in our 
author's Select Exercises. 

In 1743 also was published his Mathematical Disserta¬ 
tions on a variety of Physical and Analytical Subjects, in 
4to; containing, among oilier particulars, 

A Demonstration of the true Figure which the Earth, 
or any Planet, must acquire from its Rotation about an 
Axis. A general Investigation ol the Attraction at the 
Surfaces of Bodies nearly spherical. A Determination of 
the Meridional Parts, and the Lengths of the several De¬ 
grees of the Meridian, according to the true Figure of the 
Earth. An Investigation of the Height of the Tides in 
the Ocean. A new Theory of Astronomical Refractions, 
with exact Tables deduced from the same. A new and 
very exact Method for approximating the Roots of Equa¬ 
tions in Numbers; which quintuples the N umber of Places 
at each Operation. Several new Methods lor the Sum¬ 
mation of Series. Some new and very useful Improve¬ 
ments in the Inverse Method of Fluxions. The work 
being dedicated to Martin Eolkes, esq. president of the 
Royal Society. 

Mis next book was A Treatise of Algebra, wherein the 
fundamental Principles are demonstrated, and applied to 
the Solution of a Variety of Problems. To which he 
added, The Construction of a great Number of Geome¬ 
trical Problems, with the Method of resolving them nu¬ 
merically. 

This work, which was designed for the use of young 
beginners, was printed in 8vo, 1745. A new edition ap¬ 
peared in 1755, with additions and improvements; among 
which was a new and general method of resolving all bi¬ 
quadratic equations, that arc complete, or having all 
their terms. The work has gone through several other 
editions since that time: the 6th, or last, was in 17 *) 0 . 

His next work was, “ Elements of Geometry, with their 
Application to the Mensuration of Superficies and Solids, 
to the Determination of Maxima and Minima, and to the 
Construction of a great Variety of geometrical Problems:" 
first published in 1747* in 8vo. And a second edition of 
the suine caine out in 1760, with great alterations and 
additions, being in a manner a new work, designed 
lor young beginners, particularly for the gentlemen edu¬ 
cated at the Royal Military Academy at Woolwich, and 
other editions have appcllred since. 

Mr. Simpson met with some trouble and vexation.in 
consequence of the first edition of his Geometry. First, 
from some* reflexions made upon it, as to the accuracy of 
certain parts of it, by Dr. Robert Simson, the learned 
professor of mathematics in the university of Glasgow, in 
the notes subjoined to his edition of Euclid's Elements. 
This brought an answer to those remarks from Mr. Simp¬ 
son, in the notes added to the 2d edition as above; to 
some parts of which Dr. Simson again replied in his notes 
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on the next edition of the said Elements of Euclid.— 
The second was by an illiberal charge of having stolen 
bis Elements from Mr. Muller, the professor of fortifica¬ 
tion and artillery at the same academy at Woolwich, 
where our author was professor ol geometry and mathe¬ 
matics. This charge was made at the end ot the preface 
to Mr. Muller's Elements of Mathematics, in two vo¬ 
lumes, printed in 1748; which was fully refuted by Mr. 
Simpson in the preface to the 2d edition ot lus Geometry. 

In 1748 came out Mr. Simpson's Trigonometry, Plane 
and Spherical, with the Construction and Application ot 
Logarithms, Svo. 'Ihis little book contains several things 
new and useful. 

In 1750 came out, in two volumes, Svo. The Doctrine 
and Application of Fluxions, containing, besides what is 
common on the Subject, a Number of new Improvements 
in the Theory, and the Solution of a Variety of new and 
very interesting Problems in different Branches of the 
Mathematics.—In the preface the author offers this to the 
world as a new book, rather than a second edition of that 
which was published in 1737, in which he acknow ledges, 
that, besides errors of the press, there arc several obscuri¬ 
ties and defects, for want of experience, and the many dis¬ 
advantages he then laboured under, in his first sally. 

The idea and explanation here given of the first princi¬ 
ples of fluxions, are not essentially different from what 
they are in his former treatise, though expressed in other 
terms. The consideration of time introduced into the 
general definition, will, he says, perhaps be disliked by 
those who would have fluxions to be mere velocities : but 
the advantage of considering them otherwise, viz, not as 
the velocities themselves, but as magnitudes they would 
uniformly generate in a given time, appears to obviate any 
objection on that head. By taking fiuxiops as mere ve¬ 
locities, the imagination is confined as it were to a point, 
and without proper care insensibly involved in metaphy¬ 
sical difficulties. But according to this other mode of 
explaining the matter, less caution in the learner is ne¬ 
cessary, and the higher orders of fluxions are rendered 
much more easy and intelligible. Besides, though sir 
Isaac Newton defines fluxions to be the velocities of mo¬ 
tions, yet he has recourse to the increments or moments 
^generated in equal particles of time, in order to determine 
those velocities; which he afterwards teaches to expound 
by finite magnitudes of other kinds. This work was dedi¬ 
cated to George earl of Macclesfield. 

In 1752 appeared, in 8vo, the Select Exercises for 
young Proficients.in the Mathematics. This neat volume 
contains,-A great Variety of algebraical Problems, with 
their Solutions. A select Number of Geometrical Pro¬ 
blems, with their Solutions, both algebraical and geometri¬ 
cal. The Theory of Gunnery, independent of the Conic Sec¬ 
tions. A new and very comprehensive Method for finding 
the Roots of Equations in Numbers. A short Account 
of the first Principles of Fluxions. Also the Valuation of 
Annuities for single and joint Lives, with a Set of new 
Tables, far moic extensive than any extant. This last 
part was designed as a supplement to his Doctrine of An¬ 
nuities and Reversions; but being thought too small to 
be published alone, it was inserted here at the end of the 
Select Exercises ; from which however it has been re¬ 
moved in the* last editions, and referred to its proper place, 
the end of the annuities, as before mentioned. The ex¬ 
amples that are given to each problem in this last piece, 
arc according to the London bills of mortality ; but tho 
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solutions arc general, and may be applied with equal fa¬ 
cility and advantage to any other table of observations. 

Mr. Simpson's Miscellaneous Tracts, printed in 4to, 
1757. " ere his last legacy to the public : a most valuable 
bequest, whether we consider the dignity and importance 
of the subjects, or his sublime and accurate manner 
of treating them. The first of these papers is concerned 
in determining the Precession of the Equinox, and the 
different Motions of the Earth's Axis, arising from the 
Attraction of the Sun and Moon. It was drawn up about 
the year 1752, in consequence of another on the same 
subject, by M- dc Sylvabclle, a French mathematician. 
Though this gentleman had gone through one part of the 
subject with success and perspicuity, and his conclusions 
were perfectly conformable to Dr. Bradley's observations ; 
it nevertheless appeared to Mr. Simpson, that he bad 
greatly failed in a very material part, and that indeed the 
only very difficult one; that is, in the determination of 
the momentary alteration of the position of the earth's 
axis, caused by the forces of the sun and moon ; of which 
forces, the quantities, but not the effects, are truly investi¬ 
gated. The second paper contains the Investigation of a 
very exact Method or Rule for finding the Place of a 
Planet in its Orbit, from a Correction of Bishop Ward's 
circular Hypothesis, by Means of certain Equations ap¬ 
plied to the Motion about the upper Focus of the Ellipse. 
By this Method the Result, even in the Orbit of Mercury, 
may he found within a,- Second of the Truth, and 
that without repeating the Operation. The third shows 
the Manner of transferring the Motion of a Comet from a 
parabolic Orbit, to an elliptic one; being of great Use, 
when the observed Places of a new Comet are found to 
differ sensibly from those computed on the Hypothesis of 
a parabolic Orbit. The fourth is-an Attempt to show, 
from mathematical Principles, the Advantage arising from 
taking the Mean of a Number of Observations, in prac¬ 
tical Astronomy; wherein the Odds that the Result in this 
toly, is more exact than from one single Observation, is 
evinced, and the Utility of the Method in Practice clearly 
made appear. The fifth contains the Determination of 
certain Fluents, and the Resolution of some very useful 
Equations, in the higher Orders of Fluxions, by Means 
of the Measures of Angles and Ratios, and the right and 
versed Sines of Circular Arcs. The 6lh treats of the Re¬ 
solution of algebraical Equations, by the Method of Surd- 
divisors; in which the Grounds of that Method, as laid 
down by Sir Isaac Newton, are investigated and explained. 
The 7th exhibits the Investigation of a general Rule for 
the Resolution of Isopcrimctricnl Problems of all Orders, 
with some Examples of the Use and Application of the 
said Rule. The 8th, or last part, comprehends the Reso¬ 
lution of some general .and very important Problems in 
Mechanics and Physical Astronomy ; in which, among 
other Things, the principal Parts of the 3d and 9th Sec¬ 
tions of the first Book of Newton's Principia arc demon¬ 
strated in a new and concise Manner. But what may 
perhaps best recommend this exccllont tract, is the appli¬ 
cation of the general equations, thus derived, to the de¬ 
termination of the Lunar Orbit. 

According to what Mr. Simpson had intimated at the 
conclusion of his Doctrine of Fluxions, the greatest part 
of this arduous undertaking was drawn up in the year 
1750. About that time M. Clairaut, a very eminent ma¬ 
thematician of the French Academy, had started an ob¬ 
jection against Newton's general law of gravitation. This 


was a motive to induce Mr. Simpson, among some others, 
to endeavour To discover whether the motion of the moon's 
apogee, on which that objection had its whole weight and 
foundation, could not be truly accounted for, without 
supposing a change in the received law of gravitation, 
from the inverse ratio of the squares of the distances. 
The success answered lus hopes, and induced him to look 
farther into other parts of the theory of the moon's mo¬ 
tion, than he had at .first intended : but before he had 
completed Ins design, M. Clairaut arrived in England, 
and paid Mr. Simpson a visit; from whom he learnt, that 
he had a little before printed a piece on that subject, a 
copy of which Mr. Simpson afterwards received as a pre¬ 
sent, and found in it the same things demonstrated, to 
which he himself had directed his enquiry, besides se¬ 
veral others. 

The facility of the method Mr. Simpson fell upon, 
and the extensiveness of it, will in some.measure appear 
from this, that it not only determines the motion of the 
apogee, in the same manner, and with the same case, as the 
other equations,, but utterly excludes all that dangerous 
kind of terms that had embarrassed the greatest mathe¬ 
maticians, and would, after a great number of revolutions, 
entirely change the figure of the moon’s orbit: whence 
this important consequence is derived, that th<* moon’s 
mean motion, and the greatest quantities of the several 
equations, will remain unchanged, unless disturbed by the 
intervention of some foreign or accidental cause. 

Besides’the foregoing, which are the whole of the regu¬ 
lar books or treatises that were published by Mr. Simp¬ 
son, he Wrote and composed several other papers and fu¬ 
gitive pieces, us follow: 

Several papers of his were read at the meetings of the 
Royal Society, and printed in their Transactions ; but as 
most, if not all of them, were afterwards inserted, with 
alterations or additions, in Tiis printed volumes, it Is need¬ 
less to take any farther notice of them here. 

lie proposed, and resolved many questions in the La¬ 
dies Diaries, &c; sometimes under his own name, as in 
the years 1735 and 1736 ; and sometimes under feigned 
or fictitious names; such as, it is thought, Hurlotbrum- 
bo, Kubcrnctcs, Patrick O'Cavennh, Marmaduke Hodg¬ 
son, Anthony Shallow, Esq. and probably several others; 
sec the Diaries for the years 1735, 1736, 42, 43, 53, 54, 
55, 56, 57, 58*69* and*60. Mr. Simpson was also the 
editor or compiler of the Diaries from the year 1734 till 
the year 1760, both inclusive, during which time be raised 
that work to the highest degree of respect. Me was suc¬ 
ceeded in the editorship by Mr. EcUv. Rollinson, who con¬ 
tinued till his .death in the year 1773. Sec my Diarian 
Miscellany, vol. 3. 

It has also been commonly supposed that he was the 
real editor of, or had a principal share in, two. other pe¬ 
riodical works of a miscellaneous mathematical nature; 
viz, the Mathematician, and Turner's Mathematical Ex¬ 
ercises, two volumes, in 8vo, \4hich came out in periodi¬ 
cal numbers, in the years 1750 and 1751, &c.. The lat¬ 
ter of these seems especially to have been set on foot to 
afford a proper place for exposing the errors and absurdi¬ 
ties of Mr. Robert Heath, the then conductor of the la¬ 
dies Diary and Palladium ; and which controversy between 
them ended in the disgrace of Mr. Heath, and expulsion 
from his office of editor to the Ladies Diary, and the sub¬ 
stitution of Mr. Simpson in his stead, in the year 1753. 

In the year 1760, when the plans proposed for erect- 
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ing a new bridge at Blackfriars were in agitation, Mr. 
Simpson, among other gentlemen, was consulted on the 
best form for the arches, by the New-bridge Committee. 
On this occasion he gave a preference to the semicircular 
form ; and, besides his report to the Committee, some 
letters also appeared, by himself and others, on the same 
subject, in the public newspapers, particularly in the 
Daily Advertiser, and in Lloyd's Lveuing Post. The 
same were also collected in the Gentleman’s Magazine 
for that year, page 143 and 144. 

It is probable that this reference to him, gave occasion 
to the turning bis thoughts more seriously to this subject, 
so as to form the design of composing a regular treatise 
upon it : for his family have often informed me, that he 
laboured hard upon this work for some time before bis 
death, and was very anxious to have completed it, fre¬ 
quently remarking to them, that this work, when publish¬ 
ed, would procure hi At more credit than any pf his former 
publications. But he lived not to put the finishing hand 
to it. Whatever he wrote upon this subject, probably 
fell, together with all bis other remaining papers, into the 
bands of Major Henry Watson, of the engineers, in the 
service of. the India Company, being in all a large chest 
full of papers. This gentleman bad been a pupil ot Mr. 
Simpson’s, and bad lodged in his house. After Mr. Simp¬ 
son's death, Mr. Watson prevailed upon the widow to let 
him have the papers, promising either to give her a sum 
of money for them, or else to print and publish them for 
her benefit. But neither of these was ever done; this 
gentleman always declaring, when urged on this point 
by myself and others, that no use could lie made ol any 
of the papers, owing to the very imperfect state in which 
he said they were left. And yet he persisted in his re¬ 
fusal to give them up again. 

From Mr. Simpson’s writings, I now return to himself. 
Through the interest and solicitations of William Jones, 
Esq. he was, in 1743, appointed professor of mathema¬ 
tics, then vacant by the death of Mr. Derham, in the 
Royal Academy at Woolwich ; bis warrant bearing date 
August 25th. And in 1745 he was admitted a fellow of 
the Royal Society, having been proposed as a candidate 
by Martin Folkes, esq. president, William Jones, esq. 
Mr. George Graham, and Mr. John Machin, secretary; 
all very eminent mathematicians. The president and 
council, in consideration of bis very moderate circum¬ 
stances, were pleased to excuse his admission fees, and 
likewise bis giving bond for the settled future pay¬ 
ments. 

. At the academy he exerted his faculties to the utmost, 
in instructing the pupils who were the immediate objects 
of bis duty, as well as others, whom the superior officers 
of the ordnance permitted to be boarded and lodged in his 
house. In his manner of teaching, he had .a peculiar and 
happy address ; a certain dignity and perspicuity, tem¬ 
pered with such a degree of mildness, as enguged both the 
attention, esteem, and friendship of his scholars; of which 
the good of the service, us well as of the community, was 
a necessary consequence. 

In the latter of stage of his existence, when his life was 
in danger, exercise and a proper regimen were prescribed 
him, but to little purpose; for he sank gradually into 
such a lowness of spirits, as often in a manner deprived 
him of his mental faculties, and at last rendered him in¬ 
capable of performing his duty, or even of reading the 
letters of his friends; and so trifling an accident as the 


dropping of a tea-cup would flurry him as much as if a 
house had tumbled down. 

The physicians advised bis native air for his recovery ; 
and in February, 1761, be set out, with much reluctance 
(believing be should never return), for Bosworth, along 
with some relations. The journey fatigued him to such a 
degree, that on his arrival he betook lnmsclf to bis cham¬ 
ber, where he grew continually worse and worse, to the 
day of his death, which happened the 14th of May, in 
the fifty-first year of his age. 

SIMSON (Dr. Robert), professor of mathematics in 
the university of Glasgow, was the eldest son of Mr. John 
Simson, of Kirtonhall in Ayrshire, and was born on the 
14th of Oct. l687. Being designed by his father for the 
church, after having got the usual school education, he 
was sent to the university of Glasgow about the year 
1701, where lie was distinguished by bis proficiency in 
classical learning, and in the sciences. At this time, 
from temporary circumstances, it happened, that no ma¬ 
thematical lectures were given in the college; but young 
Simson’s inquisitive mind, from some fortunate incident, 
having been directed to geometry, be soon found the study 
of that science to be congenial to bis taste and capacity. 
This taste however, from an apprehension that it might 
obstruct his application to subjects more connected with 
the study of theology, was anxiously discouraged by bis 
father, though it would seem with little effect. 

Having procured a copy of Euclid’s Elements, with the 
aid only of a few preliminary explanations from some 
more advanced students, he entered on the study of that 
oldest and best introduction to mathematics. In a short 
time he read and understood the first six, with the 11th 
and 12th books, and afterwards proceeding still farther 
in hts" mathematical pursuits, by bis progress in the more 
difficult branches he laid the foundation of his future 
eminence, lie did not however neglect the other sciences 
then taught in the college; but in proceeding through the 
regular course of acudcmical study, he acquired (ho 
principles of that variety of knowledge, which he retained 
through life, and which contributed much to the estima¬ 
tion of bis conversation and manners in society. His 
chief attention, however, was directed to his favourite 
science; so that bis reputation as a mathematician in a 
few years became so high, and his general character so 
much respected, that in 1710 , when be was only 22 years 
of age, the members of the college voluntarily made him 
on offer of the mathematical chair, in which a vacuncy m 
a short time was expected to take a place. From his na¬ 
tural modesty however, he felt much reluctance, at so 
early an age, to advance abruptly from the state of a stu¬ 
dent, to that of a professor in the same college; and 
therefore he solicited permission to spend one year at 
least in London, where, besides other obvious advantages, 
he might have opportunities of becoming acquainted with 
some of the eminent mathematicians of England, who were 
then the most distinguished in Europe. In this proper 
request he was readily indulged ; and without delay ho 
proceeded to London, whore he remained about a year, 
diligently employed in the improvement of his mathema¬ 
tical knowledge. 

This journey turilcd out very favourable to his views ; 
and he had much-satisfaction in the acquaintance of some 
respectable mathematicians, particularly of Mr. Jones, 
Mr. Caswell, Dr. Jurin, and Mr. Ditton. With the latter, 
indeed, who was then mathematical master of Christ’s- 
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Hospital, and well esteemed for his learning &c, be was 
more particularly connected. It appears from Air. S/s 
own account, in his letter, dated London, Nov. 1710, 
that he expected to have had an assistant in his studies 
chosen by Mr. Caswell ; but, from some mistake, it was 
omitted, and Mr. S. himself applied to Mr. Ditton. lie 
went to him not as a scholar (Ins own words), hut to have 
general information and advice, about his mathematical 
studies. Mr. Caswell afterwards mentioned to Mr. b. that 
he meant to have procured Mr. Jones's assistance, if he 
had not been engaged. 

When the vacancy in the professorship of mathematics 
at Glasgow did occur, in the following year, by the resig¬ 
nation of Dr. Robert Sinclair, or Sinclar (a descendant or 
other relative probably of Mr. George Sinclar. who died 
in that office in l6j)6), the university, while Mr.Simson 
was still in London, appointed him to fill it; and the mi¬ 
nute of election, which is dated March II, 1711, con¬ 
cluded with tins very proper condition, “ That they will 
admit the said Mr. Robert Simson, providing always, that 
he give satisfactory proof of his skill in mathematics, 
previous to his admission." He returned to Glasgow be¬ 
fore the ensuing session of the college, and having gone 
through the form of a trial, by resolving a geometrical 
problem proposed to him, and also by giving u a satis¬ 
factory specimen of his skill in mathematics, and dex¬ 
terity in teuching geometry and algebra having pro¬ 
duced also respectable certificates of his knowledge of the 
science, from Mr. Caswell and others, he was duly ad¬ 
mitted professor of mathematics, on the 20th of Novem¬ 
ber of that year. 

Mr. bimson, immediately after his admission, entered 
on the duties of his office, and his first occupation neces¬ 
sarily was the arrangement of a proper course of instruc¬ 
tion for the students who-attended his lectures, in two 
distinct classes. Accordingly he prepared elementary 
sketches of some branches on which there were not suit¬ 
able treatises in general use. Both from a sense of duty 
and from inclinajion, he now directed the whole of his 
attention to the study of mathematics; and though he 
had a decided preference for geometry, which continued 
through life, yet he did not devote himself to it to the 
exclusion of the other branches of mathematical science, 
in most of which there is sufficient evidence of his being 
well skilled. From 1711, he continued near 50 years 
to teach mathematics to two separate classes, at different 
hours, five days in the week, during a continued session 
of seven months. His manner of teaching was uncom¬ 
monly clear and successful; and among his scholars, 
several rose to distinction as mathematicians; among 
which may be mentioned the celebrated names of Dr. 
Alatthew Stewart, professor of mathematics at Edin¬ 
burgh; the two rev. Dr. Williamsons, one of whom suc¬ 
ceeded Dr. Simson at Glasgow ; the rev. Dr. Trail, for¬ 
merly professor of mathematics at Aberdeen; Dr. James 
Moor, Greek professor at Glasgow: and professor Robi¬ 
son, of Edinburgh, with many others of distinguished 
merit. In the year 1758, Dr. S. being then 71 years of 
age, found it necessary to employ an assistant in teach¬ 
ing; and in 1761, on.his recommendation, the rev. Dr. 
Williamson was appointed his assistant and successor. 

During the remaining ten years of his life, he enjoyed 
a pretty equal share of good health ; and continued to 
occupy himself in correcting and arranging «oiue of his 
mathematical papers, and occasionally for amusement, 


in the solution of problems, and demonstration of theo¬ 
rems, which occurred from his own studies, or from the 
suggestions of others. His conversation on mathematical 
and other subjects continued to be clear and accurate; 
yet ho had some strung impressions of the decline of his 
memory, of which lie frequently complained ; and this 
probably protracted, and finally prevented his under¬ 
taking the publication of some of his works, which were 
in so advanced a state, that with little trouble they might 
have been completed for the press. So that his only pub¬ 
lication, after resigning his office, was a new and im¬ 
proved edition of Euclid's Data, which in 1762 was an¬ 
nexed to the 2d edition of the Elements. Rut from 
that period, though much solicited to bring forward 
some of his other works on the ancient geometry, though 
lie knew well how much it was desired, and though he 
was fully apprised of the universal curiosity excited 
respecting hi? discovery of Euclid’s Porisms, he resisted 
every importunity on the subject. 

A life like Dr. Sjmson’s, purely academical and per¬ 
fectly uniform, seldom contains occurrences, the record¬ 
ing of which could be cither interesting or useful. But 
his mathematical labours and inventions form the impor¬ 
tant part of his character ; and with respect to them, 
there are abundant materials of information in his print¬ 
ed works ; and some circumstances also may be gathered 
from a number of Mb. papers which he left ; and which, 
by the direction of his executor, arc deposited in the 
library of the college of Glasgow. It is to be regretted, 
that, of the extensive correspondence which he carried on 
through life, with many distinguished mathematicians, a 
small portion only is preserved. Through Dr. Jurin, then 
secretary of the Royal Society, he had some intercourse 
with Dr. Halley, and other distinguished members of 
that Society. And both about the same time, and aftcr- 
wards, ho had frequent correspondence with Mr.Mac- 
laurin, with Mr. James Stirling, Dr. James Moor, Dr. 
Matthew' Stewurt, I)r. \Vm. Trail, and Mr. Williamson 
of Lisbon. In the latter part of his life, his mathematical 
correspondence was chiefly with that eminent geometer 
the late carl Stanhope, and with George Lewis Scott, esq. 

As to his character, Dr. S. was originally possessed of 
great intellectual powers, an accurate and distinguishing 
understanding, an inventive, genius, and a retentive me¬ 
mory: and these powers, being cxcited*by an ardent cu¬ 
riosity, produced a singular capacity for investigating 
the truths of mathematical science. By such talents, 
with a correct taste, formed by the study of the Greek 
geometers, he .was ulso peculiarly qualified for communi¬ 
cating his knowledge, both in his lectures and in his wri¬ 
tings, with perspicuity and elegance. He was at the same 
time modest and unassuming; and, though not indiffe¬ 
rent to literary fame, he was cautious, and even reserved, 
in bringing forward his own discoveries, but always ready 
to do justice to the merits and inventions of others; 
Though his powers of investigation, in the early part of 
life, were admirable, yet before any decline of his health 
appeared, he felt strong impressions of the decay both of 
his memory and other faculties ; occasioned probably by 
the continued exertion of his mind, in those severe stu- 
dies, which for a number of years he pursued with unre* 
milting ardour.. 

Besides his mathematical attainments, from his liberal, 
education he acquired a considerable knowledge of other 
sciences, which he preserved through life, by occasional 
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reading, and, in some degree, by bis constant intercourse 
with many learned men in Ins college. He was esteemed 
a good classical scholur ; and, though the simplicity ot 
geometrical demonstration does not admit ot much va¬ 
riety of style, yet in Ins works a good taste in that re¬ 
spect may be distinguished. In his Latin prelaces also, 
in which there is some history and discussion, the purity 
of language has been generally approved. It is to be re¬ 
gretted, indeed, that he had not had an opportunity of 
employing, in carlv lile, Ins Greek and mathematical 
learning, in giving an edition of Pappus in the original 
language. 

4 Dr. Simson never was married; and the uniform re¬ 
gularity of a long life, spent within the walls of his col¬ 
lege, naturally produced fixed and peculiar habits, which 
however, with the sincerity of his manners, were unof¬ 
fending, and became even interesting to those with whom 
he lived. The strictness of these habits, which indeed 
pervaded all his occupations, probably had an influence 
also on the direction and success of some of his scientific 
pursuits. His hours of study, of amusement, and of ex¬ 
ercise, were all regulated with uniform precision. 1 he 
walks even in the squares or garden of the college were 
all measured by his steps, and he took his exercises by 
the hundreds of paces, according to his time or incli¬ 
nation. 

• It has been mentioned, that an ardent curiosity was an 
eminent feature in his character. It contributed essen¬ 
tially to his success in the mathematical investigations, 
and it displayed itself in the small and even pilling oc¬ 
currences of common life. Almost every object and event 
excited it, and suggested some problem which he was im¬ 
patient to resolve. This disposition, when opposed, as it 
often necessarily was, to his natural modesty, and to the 
formal civijity of his manners, occasionally produced an 
embarrassment, which, was amusing to his friends, and 
sometimes a little distressing to himself. 

In his disposition, Dr. S. was both chcarful and so¬ 
ciable; and bis conversation, when he was at ease among 
his friends, was animated and various, enriched with much 
anecdote, especially of the literary kind, but always un¬ 
affected. It was enlivened also by a certain degree of 
natural humour; and even the slight fits of absence, to 
which in company he was occasionally liable, contri¬ 
buted to the entertainment of his friends, without dimi¬ 
nishing their affection and respect, which his excellent 
qualities were calculated to inspire. One evening (Fri¬ 
day) in the week he devoted to a club, chiefly of his 
own selection, which^ met ip a tavern near, the college. 
The first part of the evening was employed in playing the 
game of whist, of which he was particularly fond; but, 
though he took no small trouble in estimating chances, 
it was remarked that he was often unsuccessful. The rest 
of the evening was spent In chcarful conversation; and, 
as lie had some taste for music, he did not scruple to 
aniusc his party with a song; and it is said that he was 
rather fond of singing some Greek odes, to which modem 
music had been adapted. On Saturdays he usually 
dined in the village of Anderston, then about a mile dis¬ 
tant from Glasgow, with some of/the members of his re¬ 
gular club, and with a variety of other respectable visi¬ 
tors, wbo wished to cultivate the acquaintance, and enjoy 
the society of so eminent a person. In the progress of 
time, from his age and character, it became the wish of 


his company that cvcr\ thins in these meetings should be' 
directed by him; and though his authority, growing \Mth 
his years, was somewhat absolute, yet the good^liumour 
with which it was administered, rendered U pleasing to 
every body. He had his own chair and place at table; 
he gave instructions about the entertainment, regulated 
the time of breaking up, and adjusted the expense. These 
parties, in the years ot his severe study* weie a desirable 
and useful relaxation to his mind, and they continued to 
amuse him till within a few months of his death. 

Strict integrity and private worth, with corresponding 
purity of morals, gave the highest value to a character, 
which, from other qualities and attainments, was much 
respected and esteemed. On all occasions, even in the 
gayest hours of social intercourse, the Doctor maintained 
a constant attention to propriety. He had serious and 
just impressions of religion ; but he was uniformly re¬ 
served in expressing particular opinions about it ; and, 
from his sentiments of decorum, he never introduced re¬ 
ligion as a subject of conversation in mixed society, and 
all attempts to do so in his clubs were checked with gra¬ 
vity and decision. 

In his person, Dr. S. was tall and erect; and his coun¬ 
tenance, which was handsome, conveyed a phasing ex¬ 
pression of the superior character ul his mind. Ilis man¬ 
ner had always somewhat of the fashion which prevailed 
in the carlv part of his lile, but was uncommonly grace¬ 
ful. He was seriously indi>poscd only for a few weeks 
before bis death, and through a very long life had enjoyed 
a uniform state of good health. He died on the first of 
October 1?6S, when his 81st year was almost completed ; 
having bequeathed Ids smull paternal estate in Ayrshire 
to the eldest son of his next brother, probably ot his 
brother Thomas, who was professor ot medicine in the 
university of Si. Andrews, and who is known by some 
works of reputation, particularly a Dissertation on the 
Nervous System, occasioned by the Dissection of a Brain 
completely Ossified. 

The preceding account of Dr. S. has been abridged 
and extracted from some other accounts of him ; as, the 
Account of his Life and Writings by the rev. Dr. William 
'I'rail, lately published (1812); and from the account of 
Dr. S. and his works, by the late professor Robison, in 
the Encyclopedia Britannica; and partly from an inge¬ 
nious MS. account of his life and writings, written and 
communicated by Mr. James Miller, the present mathe¬ 
matical professor of Glasgow ; but more closely from 
Dr.Trail's work, where a very learned and critical ac¬ 
count of Dr. Simson's writings is to be seen. 

The writings and publications of Dr. S. were almost ex¬ 
clusively of the pure geometrical kind, after the genuine 
manner of the ancients. He has only two pieces printed 
in the volumes of the Philosophical Transactions : viz, 

1. Two General Propositions of Pappus, in which many 
of Euclid’s Porisms are included, vol. 32, ann. 1723.— 
These two propositions were afterwards incorporated into 
the author’s largo posthumous Works, published in 1776, 
by Philip, earl Stanhope. 

2. On the Extraction of the Approximate Roots of 
Numbers by Infinite Series : vol. 48, ann. 1753. 

The separate publications in his-life-time, were : 

3. Conic Sections, in 1735, 4to. . v \ 

4. The Loci Plani of Apollonius, restored; in 

*749, 410* 
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4. Euclid’s Elements; in 1756, 4to, and since that 
time, many editions in 8vo, with the addition of Euclid's 
Data. 

5. 'After his death, carl Stanhope was at the expense 
of a • publication, in 1776, of several of Dr. S.’s post¬ 
humous pieces ; which were (1) Apollonius’s Determi¬ 
nate Section : (2) A Treatise on Purisms : (3) A Tract on 
Logarithms : (4) On the Limits of Quantities and Ratios: 
(5) Some Select Geometrical Problems. 

Resides the tract-, published in these posthumous works. 
Dr. S.’s manuscripts contained a great variety of geome¬ 
trical propositions, and other interesting observations on 
different parts of the mathematics; though not in astute 
fit for publication. Among other things, was an edition 
of tire works of Pappus, in a state of considerable ad¬ 
vancement, and which, had lie lived, lie perhaps might 
have published. Tire copy of Pappus, with all Dr. S.’s 
notes and explanations, it seems were, soon after his 
death, sent by his executor to the University of Oxford, 
with a view to publication; but which however it does 
not appear has yet been accomplished. It is true indeed, 
Dr. S.’s copy contains a large collection of materials, from 
which to make a proper selection would probably require 
considerable labour, as well as judgment. 

SINCLAll (George), was professor of philosophy in 
the university of Glasgow, and author of several works 
on mathematical and physical subjects. He was dismiss¬ 
ed from his professorship soon after the restoration, on 
account of his political principles; but was recalled to 
it on the change of government at the revolution in 1688; 
lie died in 1696. Mr. Sinclar’s publications were, l.Ty- 
rocinia Mathematica, 12mo. Glasc. 1661 ; 2. Ars Nova 
et Magna, &c, 4to. Roterod. l66'9; 3. Hydrostatics, 4to, 
Edinb. 1672; 4. Hydrostaticnl Experiments, with a Dis¬ 
course on Coal, 8vo. Edinb. 1680; 5. Principles of As¬ 
tronomy and Navigation, 12mo. Edinb. 1688. Resides 
which, a very extravagant production, called, u Satan’s 
Invisible World discovered” has been ascribed to him; 
it bears the initials, G. S. of his name. 

Mr.Sinclar’s writings are not destitute of ingenuity and 
research ; though they may contain some erroneous and 
cxccntric views. His work on Hydrostatics, and his Ars 
Nova et Magna Gravitatis ct Lcvitatis, and perhaps also 
his political principles, provoked the indignation of some 
persons; on which occasion Mr. James Gregory, author 
of the Optica Proinota, &c, and then professor of ma¬ 
thematics at Saint Andrews, animadverted on him rather 
severely in a treatise entitled, “ The Great and New Art 
of weighing Vunity, &c. under the name of Patrick Ma¬ 
thers, Archbedal of St. Andrews.” 

Considerable attention seems to have been paid by Mr. 
Sinclar to such branches of hydrostntics ns were of n 
practical nature; and it has been said lie was the first 
person who suggested the proper method of draining the 
water from the numerous coal mines in the south-west of 
Scotland. During the period he was deprived of his 
office, he resided about the southern and border counties, 
collecting and affording useful information on the subjects 
of mining, engineering, fee: particularly he was employ¬ 
ed by the magistrates of Edinburgh on the then new plun 
for supplying the city with water, &c. 

SINli, of an arc, in Trigonometry, a right line drawn 
from one extremity of the arc, perpendicular to t’hc radius 
drawn to the other extremity of it: Or, it is half the chord 
of double the arc. Thus the line? de is the sine of the arc 


nn ; being drawn from one end n 
of that arc, perpendicular to cn 
the radius drawn to the other ex¬ 
tremity n. For the same reason also 
df. is the sine of the arc ad, which 
is the supplement of bd to a semi¬ 
circle or 180 degrees ; so that every 
sine is common to two arcs, which 
arc supplements to each other, or 
whose sum is equal to 180 degrees. 

Hence the sines increase always from nothing at a, till 
they become the radius cu, which is the greatest .being 
the sine of the quadrant bo. From hence they decrease 
throughout the second quadrant from G to a, till they 
quite vanish at the point A ; thereby showing that the sine 
of the semicircle bga, or 180 degrees, is nothing. After 
thistbeyare negative in the next semicircle, or 3d and 4th 
quadrants afb, being drawn on the opposite side, or down¬ 
wards from the diameter ab. 

Whole SixE, or Sinus Tolus, is the sine of the quadrant 
no, or of 90 degrees ; that is, the whole sine is the same 
with the radius cc.. 

SiST.-Cotnplenicnt, or Cosine, is the sine of an arc do, 
which is the complement of another arc bd, to a qua¬ 
drant. That is, the line Dll is the cosine of the arc bd ; 
because it is the sine of dg which is the complement of 
bd. And for the same reason de is the cosine of dg. 
Hence the sine and cosine and radius, of any arc, form it 
right-angled triangle cde or cdii, of which the radius cn 
is the hypothenusc; and therefore the squarc.of the radius 
is equal to the sum of the squares of the sine and cosine 
of any arc, that is, CD a = CR* -+- ed 1 or = ch* ■+■ dm*. 
It is evident that the cosine of 0 or nothing, is the whole 
radius cn. From n, where this cosine is greatest, the co¬ 
sine decreases as the arc.increases from n along the qua¬ 
drant bdg, till it become 0 for the complete quadrunl no. 
After this, the cosines, decreasing, become negative from 
hence to the complete semicircle at a. Then the cosines 
increase again all the wny from a through iIob; at t 
the negation is destroyed, and the cosine is equal to 0 or 
nothing; from 1 to n it is positive, und at n it is again be¬ 
come equal to the radius. So that, in general, the cosines 
in the 1st and 4th quadrants arc positive, but in the 2d and 
3d negative. 

Frrjed-StNE, is the part of thoidiameter between the 
sine and the arc. So be is the versed sine of the arc bd, 
and ae the versed sine of ad, also on the versed sine of 
no, &c. All versed sines arc affirmative. The sum of 
the versed sine and cosine, of any arc or angle, is equal to 
the radius, that is, be -+- ec = ac. 

The sines fee, of every degree and minlite in a qua¬ 
drant, are calculated to the radius 1, and ranged in tables 
for use. But because operations with these natural sines 
require much labour in multiplying and dividing by them, 
the logarithms of them are taken, and ranged in tables 
also; and these logarithmic sines are commonly us#jl in 
practice, instead of the natural ones, ns they require only 
additions and subtractions, instead of multiplications and 
divisions. For the method of constructing the scales of 
sines &c, sec the article Scaee. 

The jincs were introduced into trigonometry by the 
Arabians. And for the etymology of the word Sine, sec In¬ 
troduction to my Logarithms, pa. 17 ^ Also the va¬ 

rious ways of calculating tables of the sines, may be 
seen in the same place, pa. 13 &c. 
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The relation which subsists between the sines and co- 
si nes of any arcs of a circle, and those of their sums, dif¬ 
ferences, and multiples, constitute what is sometimes 
termed the arithmetic of sines. This branch of calcula¬ 
tion has its origin in the application of algebra to geome¬ 
try, and is of great importance in the more difficult parts 
of the mathematics, as well as in their application to phy¬ 
sics. The following theorems are those of the greatest 
utility, and of the most extensive application; the inves¬ 
tigation of which may be seen in my Course ol Mathema¬ 
tics, and other works on trigonometry. 

Previous however to exhibiting those formula?, we may 
make the following connected observations, which are im¬ 
mediately deduced from what has been before said in the 
definition of the sine of an arc : namely, in the 


Sin is 

1st quad. 
- 4 - 

2d quad. 
-4- 

3d quad. 

• 4th quad. 

Cos 

-r- 

— 

— 

-t- 

Of 

0° 

90° 

ISO 0 

270° 

360° 

Sin Is 

0 

rad. 

0 — 

rad. 

O 

Cos is 

rad. 

0 

rad. 

0 

r. 


Again, if p be made to represent the Semicircumference 
of a circle, the radius of which is r, and n be o, or any 
whole number, then we shall have the following general 
results. • 


Sin np — 0 


Sin 

Sin 

Sin 


Ail 


:P = r * 


An 


7> = 0 


471 


-p = - 


e . 474 -4- 4 

Sin- p = 0 

2 1 


Cos '2np = r 
Cos - p = 0 


Cos 

Cos 


471 


-p = — r 


An 


a 


P — 0 



n 4*1 -4- 4 

Cos- p 




Cos ——-/> = 0. 


Also, sin a = sin [p — a) = sin (2p — a) = 
(3/> — a) &c. • , 

Now, from the annexed figure, 
and what has been already ob¬ 
served of the similar triangles, 
we easily deduce the following 
formulx, e xpressing the sine and 
cosine of any arc a, in terms of 
the tangent, secant, radius, &c. 

Sin a =y/{r z — cos x a) = 


sin 


r . cos a 


cut a 


cos a . tana 


r. tan a 


^/(r* -4- Uii*a) 
r* r* 



V (r* - 4 -cot* a) coicc a sec a 

tan a . cot a _ r^/frec’a — j*) 

coscc a ace a 

rain a 


coscc a 


Cos a —*/ ( pl — sin’a) = 

r . cot a _r* 

./V *4- co? a] 
sin a . cuaec a 


•in a . cot a 


tan a x 

_______ _ t* _ r . cot a 

o) see a coscc a 

urn a . cot a _ r^/{co%cc S a — r*) , 

acc a coscc a 

a; covers a = r — sin a; supvers 


icc a 

Vers a = r — cos 
a — r -+■ cos a. 

Also, for the sine of the sum and difference of any two 
arcs to radius 1, wc have the following theorems : 

1 . Sin (a + b) = sin a . cos b -t- cos a.sin 6. 


cos b 
sin b 
cos b 
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2. Sin (a — b) = sin a . cos b — cos a .sin b 

3. Cos (a -4- b) = cos a . cos b — sin a . sin b 

4. 'Cos (a — 5) = cos a . cos b -t- sin a • sin 6. 

Hence again, 

5. Sin (a -4- 6) -4- sin (a — 5) = 2 sin a 

6. Sin (a -4- b) — sin (a — b) = 2 cos a 

7. Cos (a — b) + cos (a - 4 - 6) = 2 cos a 

8. Cos (a — £) — cos (a -t- 5) = 2 sin a . sin 5. 

And if in these last four formula?, we substitute na lor 
a, and a for b, we obtain, 

9. 2 Cos a . sin na = sin (w -4- I)a -4- sin (n — )) a 

10. 2 Sin a . cos na = sin (n -4- 1 )a — sin (n — I) rx 

11.2 Cos a . cos na = cos (n 1 )a -4- cos (n — ) a 

12. 2 Sin a .sin «« = — cos (a -4- 1 )a -4- cos (n — 1) a 

And troin these we may deduce the powers of the sines 
and cosines of arcs, in terms of the sum and difference of 
certain multiples of those arcs, thus; 


Sin 

2 Sin 2 a = — cos 2a 
4 Sin 3 a = 

8 Sin 4 a = 

16 Sin 5 a = 


a 


sin a 

1 

sin 3a -4- 3 sin a 
cos 4 a — 4 cos 2a 
sin 5a — 5 sin 3a 


3 

10 sin a 

32 Sin 6 a = — cos 6a -4- 6 cos 4a — 15 cos 2a -4- 10 
6*4 Sin 7 a = — sin 7 a -4- 7 sin 5a — 21 sin 3a -4- 35 sin a. 
And generally 

n . (n — 1 ) 


2“ 1 sin n a = ± sin na ± n sin (a — 2) a ± 
sin (n — 4) a &c ; Or 


2°“' sin n a 


n .n fn — 1) 


= ± cos na n cos (n — 2)a ± 

• 

cos (/i — 4) a Sc c. 

In the first of which series, the upper sign must be used 
when n is an odd number of the form 4m - 4 - 1, and the 
lower sign, when n is of the form 4m — I. 

I 11 the second series, the upper sign must be used when 

* n is of the form 4m, and the lower sign when n is of the 
form 2(2 m - 4 - 1). 

Similar formulae may also be found for the successive 
powers of the cosines of any simple arc, which arc as fol¬ 
lows : 

Cos a = cos a 1 ' * 

2 Cos* a = cos 2a - 4 - 1 

• 4 Cos 3 a = cos 3a - 4 - 3 cos a 
8 Cos 4 a = cos 4a - 4 - 4 cos 2a 

16 Cos 5 a = cos 5a - 4 - 5 cos 3a • 

32 Cos 0 a = cos 6a - 4 - 6 cos 4a 
64 Cos 7 a = cos 7a -4- 7 cos 5a • 

And generally 

2"" 1 Cos n a = cos na -f- n cos (n — 2) a 


3 

10 cos a 

15 cos 2a - 4 - IO 

21 cos 3a - 4 - 35 cos a. 


n. n — 1 


cos 


(» — 4)a&c. 

Again, the sines and cosines of the multiple arcs, may be 
expressed in terms of the sines and cosines of the inferior 
arcs, as below. 

Sin a = sin a 

Sin 2a — 2 cos a . sin a 

Sin 3a = 2 cos a . sin 2a — sin a 

Sin 4a = 2cos a .sin 3a — sin 2a 

Sin 5a = 2 cos a .sin 4a — sin 3a &c • 

Sin na = 2 cos a . sin (n — 1) a — sin (n — 2) a 

Cos a — cos a • 

Cos 2a = 2 cos a. cos a — 1 

Cos 3a = 2 cos a. cos 2a — cos a 

Cos 4a = 2 cos a . cos 3a — cos 2a 

Cos 5a = 2 cos a. cos Va — cos 3a &c 

Cos na = 2 cos a . cos (n — 1) a — cos (n — 2) a 
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And if now, in order to abbreviate, we make cos a = c 9 and 
sine a = s, and observing at the same time that c x = 
I — s : y we derive 
Sin a = s 
Sin 2 a = 2cs 

Sin 3tt = 4 c's — 5 = — 4s 3 -4- 3* 

Sin 4 a =8 c 3 s — 4sc = c (— 8s 3 4- 4s) 

Sin 5a = 16 c*s — 12 c 2 * s = 16s s — 20s 3 4- 5i 

Sin 7ia = iwc®" 1 -V¬ 


From theorems 1,2, &c c, the sines of a great variety 
of angles, or number of degrees, may be computed. Ex. 
gr. as below. 

Angles. I Sines . 


i . 2 . a 

n.n— 1 .n — 2 . n — 3 . n — 4 


s 5 c°’ 5 Sec 


1 .2 .3.4.5 
Cos a — C 
Cos 2« = 2c 2 — l 
Cos 3a = 4c 3 — 3 c 

Cos \a — 8c 4 — 8c* -4- 1 
Cos 5a — 1 Gc 5 — 20c 3 4- 5c 

Cos na = 2 D ~ l c n -c°^ 4-i— c*" 4 — 


1 . 2 


1 . 2 . 2 ’ 


n.n — 4 . n — 5 . 2 n * 1 


i.2.a .2 


.»o 


c "- 6 &c. 


a =z y h—, we readily deduce the following elegant for¬ 
mulae for the cosines of the multiple arcs. 

2 Cos v 4 - ~ 

2 Cos 2 a = y t 4 - -4* 

v 


2 Cos 3a = y 1 V- 

y 

2 Cos 4a = y •+■ — 
J y* 


2 Cos 5a — y 5 


l 

? 

i 


2 Cos na = y n -+■ —. 

y" 

Wc might pursue this subject to a much greater length, 
but the above arc the principal formula: which oc¬ 
cur in the doctrine of sines &c. We shall conclude this 
article with the following formula:, expressing the 
log. of the sine of an arc, the arc in terms of the sioc, the 
sine in terms of thp arc, &c ; where it is to be observed, 
that a is the sine, c the cosine, a the arc, and r the radius: 


s = a — 


s -4- 


a.o r 3 
a .3r* 


a . a. 4 . s r* 

1.0 5* 

a . 4 . s r* 


a.a.4.» .6.7 r* 
i . 0 .5 i 7 , 

• a .4.6 . ; 

a* a* 


&c. 


Log. 3 = log. a — M -+• &c) 

or Log. 8 = - (c* + ic' - 4 - 5C 6 - 4 - ’&c) 

or Log. s = — 2m (z +yt J +}j 5 + ^ 7 &c.) 

where z =s | radius 1 , and m = ‘43429448 &c. 

If A = 2*718281828 &c, the number whose hyp. log. is 
1 ; then 


90 u 

75 

72 

671 

6o 

54 

45 

36 

30 

224 - 

18 


Or if, instead of the above substitution, wc make 2 cos 15 


\r </1 + v/3 = r 
. .5 + v's 

\w —;— 


✓6 + ✓a 


ir</ 2 s/i 

W 3 

\w-- 

in /2 

. ,5 - %/S 

W—- 


= r x 


✓s 4- 1 


-i'V'* — v /2 


= r x 


v/5 - 1 


, /- 7 - v/ 6 -v ^ 2 

frv/j-v/J = r x--- 


Sin a = t = 


Cos a = c = 


Qv'- 1 


m 

See many other curious expressions of this kind in Bou¬ 
gainville's Calcul Integral, and in Bertrand's mathematics. 


Of the Tables of Sines, ifc. 

In estimating the quantity of the sines &c, we assume 
radius for unity ; and then compute the quantity of the 
sines, tangents, and secants, in fractions of it. From 
Ptolemy's Almagest wc learn, that the ancients divided 
the radius into 00 parts, which they called degrees, and 
thence determined the chords in minutes, seconds, and 
thirds; that is, in sexagesimal fractions of the radius, 
which they likewise used ih the resolution of triangles. As 
to the sines, tangents and secants, they arc modern inven¬ 
tions; the sines being introduced by the Moors or Sara¬ 
cens, and the tangents and secunts afterwards by the Euro¬ 
peans. Sec Introd. to my Logs. pa. 1 to 19 . 

Regiomontanus, at first, with the ancients, divided the 
radios into 60 degrees; and determined- the sines ot the 
several degrees in decimal fractions of it. But he after¬ 
wards found it would be more convenient to assume 1 for 
radius, or 1 with any number of ciphers, and take the 
sines in decimal parts of it; and thus he introduced the 
present method in trigonometry. In this way, different^ 
authors have divided the radius into more or tewer deci¬ 
mal parts; but in the common tables of sines and tangents, 
the radius is conceived to be divided into 10000000 parts; 
by which all the sines arc estimated. 

An idea of some of the modes of constructing the tables 
of sines, may be conceived from what follow^: First, by 
common geometry the sides of some of the regular poly¬ 
gons inscribed in the circle are computed, from the given 
radius, which will be the chords of certain portions of 
the circumference, denoted by the number of the sides; 
viz, the side of the triangle the chord of the 3d part, or 
120 degrees; the side of the pentagon the chord of the 
5th part, or 72 degrees; the side of the hexagon the chord 
of the 6 th part, or 60 degrees; the side of the octagon the 
chord of the 8 th part, or 45 degrees; and so on. By this 
means there arc obtained the chords of several of such 
arcs; and the halves of these chords will bo the sines of 
' the halves of the same arcs. Then the theorem 
c =^/(l — s 2 ) will give the cosines of tbersame half arcs. 
Next, by bisecting theie arcs continually, there will^be 
found the sines and cosines of a continued series as far u 
wc please by these two theorems* 
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Sin ; and cos. {a = y/ 1 f -. 

Then, by the formulae for the sums and differences of arcs, 
from the foregoing scries will be derived the sines and co¬ 
sines of various other arcs, till we arrive at length at the 
arc of l', or l", &c, whose sine and cosine thus become 
known. Or, rather, the sine of 1 minute will be much 
more easily found from the series s = a — £ a 1 T «* 
ivc, because the arc may be considered a-, equal to its 
sine in small arcs; whence s = a only in such small arcs. 
But the length of the arc of 180° or 10800' is known to 
be 3’14159205 Sec; therefore, by proportion, as 10800': 
1' : : 3 14159205: 0 0002908882 =a the arc or 5 the sine 
of l', which number is true to the last place of decimals. 

Then, for the cosine of 1', it is c = ^/( 1 — s*) = 

0'9999999$77 the cosine of the same 1'. 

Hence we shall readily obtain the sines and cosines of 
all the multiples of l', as of 2*, 3', 45', &c, by the appli¬ 
cation of these two theorems, 

sin (n -+- l)a = 2 c x sin na — sin (n — l)a, 

cos (n ■+■ I )a = 2 c x cos na — cos (n — 1 )a; 

for supposing a = the arc of 1. then c = O'9999999ST7, 
and taking n successively equal to 1, 2, 3, 4, &c, the theo¬ 
rems for the sines and cosines give severally the sines and 
cosines of 1', 2',' 3', 4', &c; viz, the sines thus : 

sin 1' = s.= -0002908882 

sin 2' = 2 c x sin 1' — sin O' = -000581776*4 

sin 3' = 2c x sin 2' — sin 1' = -0008726645 

sin 4' = 2c x sin 3' — sin 2' = '0011635526 

sin 5' = 2c x sin 4' — sin 3' = -0014544406 

Sec. 

And the cosines thus, 

COS 1' as C.. 9999999577 

cos 2' = 2 c x cos 1' — cos O' = *9999998308 

cos 3' = 2c x cos 2* — cos V = ’9999996192 

cos 4' = 2 c X cos 3' — cos 2' = *9999993231 

cos 5' = 2 c x cos 4' — cos 3’ = *9999989423 

&c. 

In this manner then all the sines and cosines are made, 
by only one constant multiplication and a subtraction, up 
to 30 degrees, forming thus the sines of the first and last 
30 degrees of the quadrant, or from 0 to 30° and from 6o° 
to 90° j or, which will be much the same thing, the sines 
only may be thus computed all the way up to 60°. 

Then the sines of the remaining 30°, from 60 to 90, will 
be found by one addition only for each of them, by means 
of this theorem, viz, sin. (60 -+■ a) = sin. (60 — a) sin. a; 
that is, to the sine of any arc below 60°, add the sine of 
its defect below 6 0, and the sum will be the sine of another 
arc which is just as much above 60. 

The sines of all arcs being thus found, they give also 
very easily the versed sines, the tangents, and the secants. 
The versed sines are only the arithmetical complements 
to 1, that is, each cosine taken from the radius 1. 

The tangents arc found by these three theorems: 

. 1. As cosine to sine, so is radius to tangent. 

2. Radius is a mean proportional between the tangent 
and cotangent. 

3. Half the difference between the tangent and cotan¬ 
gent, is equal to the tangent of the difference between the 
arc and its complement. Or, the sum arising from the 
addition of double the tangent of an arc with the tangent 

Vol. ir. 


of half its complement, is equal to the tangent of the sum 
of that arc and the said half complement. 

By the 1st and 2d of these theorems, the tangents arc 
to be found for one half of the quadrant: then the'other 
half of them will be found by one single addition, or sub¬ 
traction, for each, by the 3d theorem. 

'1 his done, the secants will be all found by addition or 
subtraction only, by these two theorems: 1st. The secant 
of an arc, is equal to the sum of its tangent and the tan¬ 
gent of half its complement, 2nd. The secant of an arc, 
is equal to the difference between the tangent of that arc 
and the tangent of the arc added to hall its compliment. 

Sines, fyc, by a new Division of the Quadrant. In 1 lie 
2d vol. of my Tracts, pa. 122, &c, is described a new 
mode of dividing the quadrantal arc, for which to con¬ 
struct new tables of sines, tangents, and secants, which 
would be very useful, and is different from all other me¬ 
thods of dividing it, and of constructing the tables. In 
this method the arcs of the quadrant are divided into, and 
expressed by the equal parts of the radius, thesameas the 
sines and tangents themselves; being divisions in the com¬ 
mon decimal scale of numbers. In ibis project 1 have made 
many thousands of calculations for the sines; and a spe¬ 
cimen of the tables may be seen inserted in the volume 
above mentioned. 

The French have also made and printed very extensive 
tables of sines &c, on a plan of divisions dillering both 
from the old sexagesimal way, and from mine, above men¬ 
tioned : those being to decimal divisions of arcs, the qua¬ 
drant being divided into 10000 equal parts, each purt 
being nearly equal 30" in the sexagesimal division. 

Artificial Sin es, are the logarithmic sines, or the loga¬ 
rithms of the sines. 

Arithmetic of Sines. See chap, iii, p. 53, vol. S, of my 
Course of Mathematics; also the foregoing article in this 
dictionary. 

Curve or Figure qf the Sines. See Fic.uue of the Sines, 
Ifc. To what is there said of the figure of the sines, may 
be here added as follows, from a property just given above, 
viz, if x denote the absciss of this curve, or the corre¬ 
sponding circular arc, and y its ordinate, or the sine of 
that arc; then the equation of the curve will be this, 

h x</- t _ h -»✓- l 

y = s,n x =-- 1 

where h = 2-718281828 &c, the number whose hyp. 
log. is 1. 

Line qf Sines, is a line on the sector, or Gunter’s scale, 
&c, divided according to the sines, or expressing the sines. 
See those articles. 

Sine qf Incidence, or qf Reflection, or of Refraction, is 
used for the sine of the angle of incidence, &c. 

S1N1CAL Quadrant, is a quadrant, made of wood or 
metal, with lines drawn from each side intersecting one 
another, with an index, divided by sines, also with 90 
degrees on the limb, and two sights at the edge. Its use 
is to take the altitude of the sun. Instead of the sines, it 
is sometimes divided all into equal parts'; and then it is 
used by seamen to resolve, by inspection, any problem of 
plane sailing. 

SIPHON, or Syphon, in Hydraulics, a crooked pipe 
or tube used in the raising of fluids, emptying of vessel*, 
and in various bydrostatical experiments. It is otherwise 
called a crane.' Wolfius describes two vessels under the 
name of Siphons; the one cylindrical in the middle and 
conical at the two extremes ; the other globular in the 
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middle, with two narrow tubes fitted to it axis-wise; both 
scrviin' to take up a quantity of liquid, and to retain it 
when up. 

Put the most usual syphon is that which is here repre¬ 
sented ; where ARC is any crooked tube, 
having two legs of unequal lengths; 
tint such however that, in any position, 
the perpendicular altitude no, of b 
above a, when ab is filled with any 
fluid, the weight of that fluid may not 
be more than about 1 31 L>. upon every 
square inch of the base, or equal to the 
pressure of the atmosphere, because the 
pressure of the atmosphere will raise or suspend the fluid 
so high, when the tube is exhausted of air. This height 
is about 30 inches when the fluid is quicksilver, and about 
34 feet when it is water ; and so on for other fluids, ac¬ 
cording to the rarity of them. 

To use the siphon, in drawing off any fluid ; immerse the 
shorter end a into 
the fluid, then suck 
or draw the air out 
by the other or lower 
end c, and the fluid 
will presently follow, 
and run out by the 
siphon, from the vessel 
at a to the vessel at c; 
till such time as the 
surface of the fluid 
sink ns low as the 
orifice at A, when the 
decanting will cease, 
and the siphon will empty itself of the fluid, the whole of 
that which is in it running out at c. The principle upon 
which the siphon acts, is this : when the tube is exhausted 
of air, the pressure of the atmosphere upon the surface of 
the fluid at d, forces it into the tube by the orifice at a, 
as in the batometcr tube, and down the log bc, if b is not 
above the surface at n more than 34 feet for water, or 30 
inches for quicksilver, &c. Hero, if the external leg of 
the siphon terminate at E, on a horizontal level with the 
immersed end at A", or rather on a level with the water at 
d, the perpendicular pressures of the fluid in each leg, and 
of the external air, against each orifice, being alike in both, 
the fluid will be at rest in the siphon, completely filling it, 
but without running or preponderating either way. Hut 
if the external end bc the lower, terminating at c, then 
the fluid in this end being the heavier, or having more pres¬ 
sure, will preponderate and run out by the orifice at c; 
this would leave a vacuum at b but for the continual pres¬ 
sure of the atmosphere at D,- which forces the fluid up by 
a to b, and so producing a continued motion of it through 
the tube, and a discharge or stream at c. • 

Instead of sucking out the air at c, another method is, 
first to fill the tube completely with the fluid, in an in¬ 
verted position with the angle b downward ; and, stopping 
the two orifices with the fingers, revert the tube again, 
nnd immerge the end a in the fluid; then take off the 
fingers, and immediately the stream commences from the 
end c. 

'Either of the two foregoing methods can be conveniently 
practised when the siphon is small, and easily managed by 
the hand ; as in decanting off liquors from casks, Stc. But 
when the siphon is very large, and many feet in height, 


as in exhausting water from a valley or a pit, the follow¬ 
ing method is then recommended: Stop the orifice C; 
and, by means of an opening made in the top at b, fill the 
tube completely with water; then stop the opening at b 
with a plug, and open that at c; upon which the water 
will presently flow out there, and so continue till that at 



a Is exhausted. And this method of conveying water over 
a hill, from one valley to another, is described by Hero, 
the chief author of any consequence on this subject among 
the ancients. . But in this experiment it must be noted, that 
the effect will not be produced when the hill at b is more 
than 33 or 34 feet above the surface of the water at a. 

In an experiment of this kind, it is even said that the 
water in the legs, unless it bc purged of its air, will not 
rest at a height of quite 30 feet above the water in the 
vessels ; because air will extricate itself out of the water, 
and getting above the water in the legs, press it downward, 
so that its height will be less to balance the pressure of 
lhe atmosphere. But with very fine, or cnpillary tubes, 
the experiment will succeed to a height somewhat greater; 
because the attraction of the matter of the very fine tube 
will raise the fluid, and support it at some certain height, 
independent of the pressure of the atmosphere. For which 
reason also it is, that the experiment succeeds for small 
heights in the exhausted receiver; ns has been tried both 
with water and mercury, by Desaguliers and many other 
philosophers. Exper. Philos, vol. 2, pa. 16S. 

The figure of the vessel may bc varied at pleasure, pro¬ 
vided the orifice c be but below the level of the surface of 
the water to bc drawn off, but still the farther it is below 
it, the quicker will the fluid run off. And if, in the course 
of the elllux, the orifice a bc drawn out of the fluid ; all 
the liquor in the siphon will issue out at the lower orifice 
c; the fluid in the leg bc dragging, as it were, that in the 

shorter leg ab uftcr it. • , 

But if n filled siphon be so disposed, os that both orifices, 
a and c, be in the same horizontal line; the fluid will re¬ 
main pendant in each leg, how unequal soever the length 
of the legs may be. So that fluids in siphons seem, as it 
were, to form one continued body; the heavier part de¬ 
scending like a chain, and drawing the lighter after it. 

The Wirtemberg Siphon, which is represented in the 
annexed figure, is a very extraordinary machine, perform¬ 



ing several things which the common siphon will not reach. 
This siphon was projected by Jordan Pelletier, and exe¬ 
cuted at the cxpcnce of prince Frederic Charles, admi- 
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jiistrator of Wirtembcrg, by bis mathematician Shahackanl, 
who made each branch 20 feet long, and set them IS feet 
apart; and the description of it was published by Rciselius, 
the duke's physician. This gave occasion to Papin to in¬ 
vent another, which performed the same things, and is de¬ 
scribed in the Philos. 'Frans, vol. 14. Ilcselius, in another 
paper in the same volume, ingenuously owns that this is 
the same with the Wirtembcrg siphon. 

In this engine, though the legs be on the same level, 
yet the water rises up the one, and descends through the 
other. The water rises even through the- aperture if the 
less leg be only half immerged in water. The siphon has 
its effect after continuing dry a long tunc. Either of the 
apertures being opened, the other remaining shut for a 
whole day, and then opened, the water flows out as usual. 
Lastly, the water rises, and falls indifferently through 
either leg. 

Musschenbroek, in accounting for the operation of this 
siphon* observes that no discharge could be made by it, if 
the water applied to either leg did not cause the one to be 
shorter, ami the other longer by its own weight. Introd. 
ad Phil. Nat. tom. 2, pa. 853, cd. 4to. 17<>2. 

SIRIUS, the Dog-star; a very bright star of the first* 
magnitude, in the mouth of the constellation Cams Major , 
or the Great Dog. This is the brightest of all the stars in 
our firmament, and therefore probably, says Dr. Maske- 
lync, the nearest to us of them all, in a paper recommend¬ 
ing the discovery of its parallax, Philos. Trans, vol. 51, 
pa. 88 J). Some however suppose Arcturus to be the 
nearest. The Arabs call it Aschers, Elschccrc, Scera; the 
Greeks, Sirius; and the Latins, Canicula, or Canis can- 
dens. See Canicula. 

This is one of the earliest named stars in the heavens. 
Hesiod and Homer mention only four or five constellations, 
or stars, and this is one of them. Sirius and Orion, the 
Hyades, Pleiades, and Arcturus arc almost the whole of 
the old poetical astronomy. The three last the Greeks 
formed of their own observation, as appears by the names ; 
the two others were Egyptian. Sirius was so called from 
the Nile, one of the names of that river being Siris; and 
the Egyptians, seeing that river begin to swell at the time 
of a particular rising of this star, paid divine honours to 
the star, and called it by a name derived from that of the 
river, expressing the star of the Nile. 

SITUS, in Algebra ami Geometry, denotes the situation 
of lines, surfaces, &c. Wol/ius delivers some things in 
geometry, which arc not deduced from the common analy¬ 
sis, particularly matters depending on the situs of lines and 
figures. Leibnitz has even founded a particular kind of 
analysis upon it, called Calculus Situs. 

SKY, the blue expanse of the air or atmosphere. The 
azure colour of the sky is attributed, by Newton, to va¬ 
pours beginning to condense, having altaig^d consistence 
enough to reflect the most refloxi blc ra> s, viz, the violet ones; 
but not enough to reflect any of the less rcflcxiblc ones. 

Lahirc attributes it to our viewing a black object, viz, 
the dark space beyond the regions of the atmosphere, 
through a white or lucid one, viz, the air illuminated by 
the 6 un ; a mixture of black and white always appearing 
blue. But this hypothesis is not originally his ; being as 
old as Leonardo da Vinci. 

SLIDING, in Mechanics, is when the same point of a 
body, moving along a surface, describes a lino on that 
surface. Such is the motion of a parallelopipcdon moved 
along a plane.—From sliding arises friction. 


Sliding Rule, ;i mathematical instrument serving to 
perform computations in gauging, measuring, &c, without 
the use of compasses; merely by the sliding of the paits 
of the instrument one by another, the lines and divisions 
of which give the answer or amount by inspection. 1 lus 
instrument is variously contrived and applied by different 
authors, particularly Gunter, Partridge, Hunt, Evcrard, 
and Coggeshall; but the most usual and useful ones are 
those of the two latter. 

Evcrurd's Sliding Rul cr is chiefly used in cask gauging. 
It is commonly made of box, 12 inches long, 1 inch 
broad, and T 6 ^ of an inch thick. It consists of three 
parts ; viz, the stock just mentioned, and two thin slips, 
of the same length, sliding in small grooves in two oppo¬ 
site sides of the stock: consequently, when both these 
pieces arc drawn out to their full extent, the instrument is 
3 feet long. 

On the first broad face of the instrument are four loga¬ 
rithmic lines of numbers; for the properties &c, of 
which, see Gunter's Line . The first, marked a, consist¬ 
ing of two radii numbered 1,2, 3, 4, 5, 6 , 7, 8 , 9> 1 ? 
and then, 2, 3, 4, 5, &c, to 10. On this line are four 
brass centre-pins, two in each radius ; one in each of 
them being marked mb, for malt-bushel, is set at 2150 42 
the number of cubic inches in a malt-bushel ; the other 
two arc marked with a, for ale-gallon,at 282, the number 
of cubic inches in an ale gallon. The 2d and 3d lines of 
numbers arc on the sliding pieces, and are exactly the 
same with the first; but they are distinguished by the 
letter u. In the first radius is a dot, marked Si 9 at '707, 
the side of a square inscribed in a circle whose diameter 
is I. Another dot, marked Se. stands at *SS6, the side of 
a square equal to the area of the same circle. A third 
dot, marked w, is at 231, the cubic inches in a wine 
gallon. And a fourth, marked c, at 3*14, the circum¬ 
ference of the same circle whose diameter is 1. The 
fourth line of numbers, marked md, to signify malt- 
depth, is a broken line of two radii, numbered 2 , 10 , 9 , 
8 , 7, 6 , 5, 4, 3. 2, 1, 9t 8 , 7, &c ; the number J being 
set directly against mb on the first radius. 

On the second broad face, marked erf, are several 
lines: as 1st, a line marked d, and numbered 1, 2, 3, &c, 
to 10. On this line arc four centre pins: the first, 
marked wg, for wine-gauge, is at 17*15, the gauge-point 
for wine gallons, being the diameter of a cylinder whose 
height is one inch, and content 231 cubic inches, or a 
wine gallon : the second centre-pin, marked ag, for nlc- 
guuge, is at 18*95, the like diameter for an ale gallon: 
the 3d, marked ms, for rtialt-square, is at 4(i*3, the square 
root of 2150*42, or the side ol a square whose content is 
equal to the number of inches in a solid bushel : and the 
fourth, marked MR, for malt-round, is at 52*32, the dia¬ 
meter of a cylinder, or bushel, the area of whose base is 
the same 2150*42, the inches in a bushel. 2dly, Two 
lines of numbers on the sliding piece, on the other side, 
marked c. On these arc. two dots ; the one, marked c, 
at *0795, the area of a circle whose circumference is I ; 
and the other, marked rf, at *785, the area of the circle 
whose diameter is I. 3dly, Two lines of segments, each 
numbered 1, 2, 3, to 100; the first for finding the ullage 
of a cask, taken as the middle Irustum of a spheroid, lying 
with its axis parallel to the horizon ; and the other for 
finding the ullage of a cask standing. . 

Aguin, on one of the narrow sides, noted c, arc, 1st, a 
line of inches, numbered I, 2,3, &c to 12, each subdt- 
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vidcil into 10 equal parts. 2dly, A line by which, with 
tliut ot inches, is found a mean diameter lor a cask, in the 
figure ol the middle frustum of a spheroid : it is marked 
Spheroid, and numbered 1, 2, 3, &c to 7- 3dly, A line 
lor finding the mean diameter of a cask, in the form ot 
the middle frustum of a parabolic spindle, which gau¬ 
gers call the second variety of casks; it is therefore 
marked Second Variety, and is numbered 1,2, 3, &c. 
4thl\, A line by which is found the mean diameter ol a 
cask of the third variety, consisting ot the frustums ot 
two parabolic conoids, abutting on a common base; it is 
therefore marked Third Variety, and is numbered 1, 2, 
3, &c. 

On the other narrow face, marked/, are, 1st, a line of 
a foot divided into 100 equal parts, marked fm. 2dly, 

A line of inches, like that before mentioned, marked i.w. 
3dly, A line for finding the mean diameter of the fourth 
variety of casks, which is louned of the frustums of two 
cones, abutting on a common base. It is numbered 1, 2, 

3, &c ; and marked fc, for frustum of a cone. 

On the back side of the two sliding pieces is a line of 
inches, froid 12 to 36, for the whole extent of the 3 feet, 
when the pieces are put endwise ; and against that, the 
correspondent gallons, and 100th parts, that any small 
tub, or the like open vessel, will contain at 1 inch deep. 
For the various uses of this instrument, see the authors 
mentioned above, and most other writers on gauging. 

Co*gcs/iall 9 s Sliding Rule is chiefly used in measuring 
the superficies and solidity of timber, masonry, brickwork, 
&c. This consists of two rulers, each a foot long, which 
are united together in various ways. Sometimes they are 
made to slide by one another, like glaziers' rules : some¬ 
times a groove is made in the side of a common two-fool 
joint rule, and a thin sliding piece in one side, and Cogges- 
hall's lines added on that side; thus forming the common 
or carpenter's rule: and sometimes one of the two rulers 
is made to slide in a groove made in the side of the other. 

On the sliding side of the rule arc four lines of num¬ 
bers, three of which are double, that is, are lines to two 
radii, and the fourth is a single broken line of numbers. 
The first three, marked a, b, c, are figured 1,2, 3, &c to 
}); then 1, 2, 3, &c to 10; the construction and-use of 
them being tiic same as those on Everard's Sliding rule. 
The single line, called the girt line, and marked n, whose 
radius is equal to the two radii of any of the other lilies, 
is broken for the easier measuring of timber, and figured 

4, 5, 6, 7, 8, 9t 10, 20, 30, &c. * From 4 to 5 it is di¬ 
vided into 10 parts, and each 10th subdivided into 2 ; and 
so on from 5 to 10 f &c. 

On the back side of the rule are, 1st, a line of inch 
measures, from 1 to 12 ; each inch being divided and sub¬ 
divided. 2dly, A line of foot measure, consisting of one 
foot divided into 100 equal parts, and figured 10, 20, 30, 
&c. The backside of the sliding piece is divided into 
inches, halves, &c, and figured from 12 to 24; so that 
when the slide is out, there may be a measure of 2 feet. 

In the carpenter’s rule, the inch measure is on one side, 
continued all the way from 1 to 24, when the rule is un¬ 
folded, and subdivided into Sthsor half-quarters: on this 
side are also sonic diagonal scales of cquul parts. And 
upon the edge, the whole length of 2 feet is divided into 
200 equal parts, or lQOths of a foot. 

SLING, a string instrument, serving for the casting of 
stones &c with the greater violonc.e. Pliny, lib. 76,’ chap. 
^y atributes the invention of the sling to the Phcenicians; 


but Vegctius ascribes it to the inhabitants of the Balearic 
islands, who were celebrated in antiquity for the dextrous 
management of it. Florus and Strabo say, those people 
bore three kinds of slings ; some longer, others shorter, 
which they used according as their enemies were more re¬ 
mote or nearer hand. Diodorus adds, that the first served 
them for a headband, the 2d f«*r a girdle, and that the 
third they constant!) carried with them in the hand. But 
it must be impossible to tell who were the first inventors 
of the sling, as the instrument is so simple, and has been 
in general use by almost all nations. The instrument is 
much spoken of in the wars and history of the Israelites. 
David was so expert a slingrr, that lie ventured logo out, 
with one in his hand, against the giant and champion Go- 
liah, and at a distance struck him on the forehead with 
the stone. And there were a number of left-handed tnen 
of one of the tribes of Israel, who, it is said, could sling a 
stone at an hairs breadth. Judges, ch. 20 , v. 16’. 

The motion of a stone discharged from a sling arises, 
from its centrifugal force, when whirled round ina circle. 
-The velocity with which it i$ discharged, is the same as 
that which it had in the circle, being much greater than 
what can be given to it by the hand alone. And the di¬ 
rection in which it is discharged, is that of the tangent to 
the circle at the point of discharge. Whence its motion 
aqd cfleet may be computed as a projectile. 

SLUICE, a Watergate, a floodgate, a vent for water. 

SLUSE, or Slusius (Rene Francis Walter ), of Vise, a 
small town in the county of Liege, where lie enjoyed ho¬ 
nours and preferment. He became abbe of Amas, canon, 
counsellor and chancellor of Liege, and made his name 
famous for his knowledge in theology, physics, and mathe¬ 
matics. The Royal Society ol London elected him one 
of their members, and inserted several of bis compositions 
in their Transactions. This very ingenious and learned 
man died at Liege in 1685, at 63 years of age.—Ol Slu- 
sius's works there have been published, some learned let— 
ters, and a work intitled, Mesolabium et Probleniata so- 
lida; besides the following pieces in the Philosophical 
Transactions, viz, 

1. Short and Easy Method of drawing Tangents to 
all Geometrical Curves; vol. 7> pa. 5143. 

2. Demonstration of the same ; vol. 8, pa. 6059- 

3. On the Optic Angle of Alhazens vol. 8, pa. 6139* 

SMEATON (John), f. r. s. and a very celebrated 

civil engineer, was born 1724, ut Austhorpe, near Leeds, 
in a house built by his grandfather, where the family have 
resided ever since, and where our author died the 28th of 
October 1792, in the 69 th year of his age. 

Mr. Smcaton seems to have been born an engineer* 
The originality of his genius and the strength ol bis under¬ 
standing appeared at a very early age. Ilis playthings 
were not those of children, but the tools men work with » 
and lie had always more amusement in observing artificers 
work, and asking them questions, than in any thing else# 
Thus had Mr. Smeaton, by the strength of his genius, and 
indefatigable industry, acquired, at 18 years of age, an 
extensive set of tools, and the art ol working in roost of 
the mechanical trades; which ho continued to work with 
occasionally to the end of his life, part of everylday when 
at the place where his tools were: and few men could 
work better. * 15 * * . 

Mr.Smeaton’s father was an attorney, and was desirous 
of bringing his son up to the same profession, lie was 
therefore sent up to London in 1742, where lor some time 
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lie attended the courts in Westminster Hall. Rut, finding 
that the profession of the law did not suit the bent ot his 
genius, ns his usual expression was, he wrote a strong me¬ 
morial to his father on the subject, whose good sense from 
that moment left Mr. Smeaton to pursue the bent of bis 
genius in bis own way. 

Mr. Smeaton after this continued to reside in London, 
and about the year 1730 lie commenced philosophical 
instrument maker, which he continued for some time, 
and became acquainted with most of the ingenious men 
ot that time. This same year he made lus first communi¬ 
cation lo (he Royal Society, being an account of Dr. 
Knight's improvements ot tin* mariner's compass. Conti¬ 
nuing his very usetul labours, and making experiments, be 
communicated to that learned body, the two following 
years, a number of other ingenious improvements, in the 
arts and sciences. 

In 1733 lie was elected a member of the Royal So¬ 
ciety; and in 17 5J) he was honoured with their gold me¬ 
dal, for his paper concerning the natural powers of ualer 
and wind to turn mills, and other machines depending on 
a circular motion. This paper, he says, was the result 
of experiments made on working models in the years 
1752 and 1733, but not communicated to the Society 
till 1759, having in the interval found opportunities of 
putting the result of tlies*- experiments into real practice, 
in a variety of cases, and for various purposes, so as to 
assure the Society he had found them to answer.—In 
1754 his great thirst after experimental knowledge led 
him to undertake a voyage to Holland and the Low 
Countries, where he made himself acquainted with most 
of the curious works of art so frequent in those places. 

In December 1735, the Edystom lighthouse was burnt 
down, and the proprietors, being desirous of rebuilding 
it in the most substantial manner, inquired of the earl of 
Macclestield, then president of the Royal Society, who 
he thought might be the fittest person to rebuild it, when 
he immediately recommended our author. Mr. Smeaton 
accordingly undertook the work, which he completed 
with stone in the summer of 1739* Of'this work he 
gives an ample description in a folio volume, with plates, 
published in 17S) 1 ; a work which contains,-in a great 
measure, the history of four years of his life, in which 
the originality of his genius is fully displayed, as well as 
his activity, industry, and perseverance. 

In I7f)4 Mr. S. was appointed one of the receivers of 
the forfeited Derwentwater estates, which were applied 
to the benefit of Greenwich Hospital ; which ofiice he 
held till .1777, when he was prevailed on to resign it, in 
favour of Sir John Turner, said to be a son of Karl Sand¬ 
wich, who was then governor of that hospital, and first 
lord of the admiralty. After this, Mr. S. going into full 
employment as an engineer, it would be endless to at¬ 
tempt to particularize all the great works lie so ably con¬ 
ducted ; as mills, wheels, engines, levels, canals, bridges, 
harbours, &c, in all of which lie was equally eminent. 
Particularly, he saved from destruction London Bridge, 
after the opening of its great arch. Indeed, as a civil 
engineer, Mr. S. was perhaps unrivalled, certainly not ex¬ 
celled by any one. 

Astronomy was also, for amusement, a favourite pur¬ 
suit of Mr. S., and he made several curious instruments 
of this kind for his friends, as well as for himself; with 
which, to the time of his death, be continued to make 
many observations. The chief of Mr. S/s publications. 


was. his History of Kdystonc lighthouse. Besides which, 
many of Ins reports and memorials, on the different 
works he was concerned in, were occasionally printed in 
his lifetime, which have since been collected and printed, 
in 3 vols. 4to, to which is prefixed a pretty full account 
of Ins life and labours. He had also inserted in the Phi¬ 
los. Trans, a considerable nuiul or of valuable papers, 
both mechanical and astronomical, in most of the vo¬ 
lumes from the year 1730 to 1770*. 

In 177 1, he became, jointly with his friend Mr. 
Holmes, proprietor of the works for supplying Deptford 
and Greenwich with water; which by their united en¬ 
deavours they brought to be of general use to those they 
were made for, and moderately beneficial to them¬ 
selves. About the year 17S3, Mr. Smcaton's health 
began to decline; in consequence of which he took the 
resolution to avoid any in w undertakings in business as 
much as he could, that he might thereby also have the 
more leisure to publish some account of his inventions 
and works. Of this plan however he got no more exe¬ 
cuted than the account id the Kdystonc lighthouse, and 
some preparations for his intended treatise on mills. It 
had for many years been the practice of Mr. Smeaton to 
spend purt of the year in London, and the remainder in 
the country, at lus house at Austhorpc ; on one of these 
excursions in the country, while walking in his garden, on 
the l6th of September 1792, he was struck with the 
palsy, which put an end to his useful life the 2$th of 
October following, to the great regret of a numerous set 
of friends and acquaintances. 

In his person, Mr. Smeaton was of a middle stature, 
but broad and strong made, and possessed of an excellent 
constitution. He had a great simplicity and plainness in 
his manners: he had a warmth ot expression that might 
appear, to these who did not know him well, to border 
on harshness; but such as were more closely acquainted 
with him, knew it arose* from the intense application of 
his mind, which was always in the pursuit of truth, or 
engaged in the investigation of difficult subjects. He 
would sometimes break out hastily, when any thing was 
said that was contrary to his ideas of the subject ; aud he 
would not give up any thing he argued for, till his mind 
was convinced by sound reasoning. As a companion, he 
was always entertaining ami instructive, and none could 
spend their time in his company without improvement. 

As to the list of his Writings; besides the large work 
above mentioned, being, the History of Edystonc Light¬ 
house, ami numbers of reports and memorials, which 
have been printed in 3 vols. 4to, as before-mentioned, 
his communications to the Royal Society, and inserted in- 
their Transactions, are as follow: 

1. Account of Dr. Knights Improvements of the Ma¬ 
riner's Compass; an. 1730, pa. 513. 

2. Some Improvements in the Air-pump; an. 1752. 

3. An Engine for raising Water by Fire; being an im¬ 
provement on Savary's construction, to render it capable 
of working itself; an. 1752. 

4. Description of a new Combination of Pulleys. Ib. 

5. Experiments on a machine for measuring the Way 
of aShipatScQ. An. 1754. 

6. Description of a new Pyrometer. Ib. 

7 . Effects of Lightning on the Steeple and Church of 
LcsUyithial in Cornwall. An. 1757. 

8. ' Remarks on the different Temperature of the Air at 
Edystonc Light-house, and at Plymouth. An. 1758. 
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9- Experimental inquiry concerning the natural powers 
of Water and Wind t » turn mills and other machines de¬ 
pending on a circular motion. An. 1759- 

10. On the Menstrual Parallax arising from the mu¬ 
tual gravitation of the earth and moon, its influence on 
the observation ol the sun and planets, &c. An. 176 'S. 

11. Description of a new method of observing the 
heavenly bodie s out of the meridian. An. I?6S. 

12. Observations on a Solar Eclipse. An. 1769- 

13. Description of a new Hygrometer. An. 1771. 

14. An Experimental Examination of the quantity and 
proportion of Mechanical Power, necessary to be em¬ 
ployed in giving different degiees of velocity to heavy bo¬ 
dies from a state of rest. An. 1776’. pa. 450. 

In two of those articles, viz, the experiments of 1759 
and of 1776, it may he remarked that Mr. Smeaton has 
manifested several inconsistencies and inaccuracies, appa¬ 
rently from erroneous notions concerning the Newtonian 
doctrine of the force of bodies in motion. Hence, though 
the experiments are good in themselves, from reasoning 
wrongly upon them, he fallaciously infers that their re¬ 
sults are contrary to the theory, which, rightly managed, 
they tern! to confirm. He does not properly distinguish 
between what he calls Mechanical Power, and the New¬ 
tonian term Momentum, or quantity of motion. These 
two powers are, from their very definitions, as well as 
from their nature, of different kinds. The one being 
measured or estimated by its momentary or instantaneous 
action; the oilier by its action during some certain time. 
'Flic one, by its definition, is in the compound ratio of 
the mass of a body and its velocity ; or as the product of 
the body and its velocity, and therefore simply as the ve¬ 
locity in a given body : whereas the other, by its defini¬ 
tion, is estimated by the mass or weight compounded with 
the space it has fallen, or described, in acquiring its ve¬ 
locity : and since, ns is well known, the space fallen by a 
body, is ns the square of the velocity acquired; it follow?, 
that this force must needs be as the square of the velocity 
in a given body. The Newtonian momentum or force, 
therefore, and Mr. Smcaton's mechanical force or power, 
are two things that arc quite different in their nature or 
measure, and in their mode of action ; though both may 
produce true results when applied to their proper objects. 

• SMITH (Robert) i>. d. and f. r.s. It seems not a 
little remarkable that 1 have not met with any account of 
the life, or death, or works of Dr. Smith, a man who, 
from his connections and situation and works, has so well 
deserved of the literary world. It barely appears, that he 
was the maternal cousin of the celebrated Roger Cotes, 
whom he succeeded, in the year 1716, as Plumian pro¬ 
fessor at Cambridge; that he became master of Trinity 
College there ; that he published some of . the works of 
his cousin Cotes; 11 s, his Hydrostatical and Pncumatical 
Lectures, in 8vo, 1737 ; also a collection of Mr. Cotcs’s 
pieces from the Philosophical Transactions, and elsewhere, 
and his Harinonia Mensurarum, with a large commentary, 
&c,in one vol. 4to, 1722 : that Dr. Smith published also 
two excellent works of his own, viz, his complete System 
of Optics, in 2 vols. 4to, 1728; and his Harmonics, or 
the Philosophy pf Musical Sounds, &c. 

SMOKE, or Smoak , a humid matter exhaled in form 
of vapour by the action of heat, either external or inter¬ 
nal; or smoke consists of palpable particles, elevated by 
means of the rarefying heat, or by the force of the ascend¬ 
ing current of air, from certain bodies exposed to beat j 
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which particles vary much in their properties, according 
to the substances from which they are produced. 

Sir Isaac Newton observes, that smoke ascends in the 
chimney by the impulse of the air it floats in: for that 
uir, being rarefied by the heat of the fire underneath, has 
its specific gravity diminished ; and thus, being disposed 
to ascend itself, it carries up the smoke along with it.- 
The tail of a comet, the same author supposes;ascends 
from the nucleus after the same manner.—Smoke of fat 
unctuous woods, as fir, beech, &c, makes what is called 
lamp-black. 

There are various inventions for preventing and curing 
smokey chimneys : as the aeolipiles of Vitruvius, the ven¬ 
tiducts of Cardan, the windmills of Bernard, the capitals 
of Serlio, the little drums ol Paduanus, and several arti¬ 
fices of De Lormc. See also the philosophical woiks of 
Dr. Franklin. Pans, resembling sugar pans, placed over 
the tops of chimneys, are useful to make them draw 
better; and the fire-grates called register-stoves, arc al¬ 
ways a sure remedy. 

In the Philosophical Transactions is the description of 
an engine, invented by M. Dalesme, which consumes the 
smoke of all kinds of wood so effectually, that the eye 
cannot discover it in the room, nor the nose distinguish 
the smell of it, though the fire be made in the middle of 
the floor. It consists of several iron hoops, 4 or 5 inches 
in diameter, which shut into one another, and is placed 
on a trevet. 

The late invention called Argand’s lamp, also consumes* 
the smoke, and gives a very strong light. Its principle 
is a thin broad cotton wick, rolled into the form of a 
hollow cylinder; the air passes up the hollow of it, and 
the smoke is almost all consumed. 

Smoke Jack , is a jack lor turning a spit, turned by 
the smoke of the kitchen fire, by means of thin iron sails 
set obliquely on an axis in the flue of the chimney. See 
Jack.- 

SNELL (Rodolpii), a respectable Dutch philosopher, 
was born at Oudenwatcr in 1546. He was some time 
professor of Hebrew and mathematics at Leyden, "where 
he died in 1613, at 67 years of age. He was author of 
several works on geometry, and on all purls of the philo¬ 
sophy of his time. 

Sn ELL(\ViLLEBRORD),sonof Rodolph above mention¬ 
ed, an excellent mathematician, was bomat Leyden in 1591# 
where he succeeded his father in the mathematical chair 
in 1613, and where he died in 1626, at only 35 years of 
oge. Willebrord Snell was author of several ingenious 
works and discoveries. Thus, it was he who first disco¬ 
vered the true law of the refraction of the rays of light; a 
discovery which he made before it was announced by Des¬ 
cartes, os Huygens assures us. Though the work which 
Snell prepared on this subject, and on optics in general, 
was never published, yet the discovery was very well 
known to belong to him, by several authors about his 
time, who hud seen it in bis manuscripts.—He undertook 
also to measure the earth. This he effected by measuring 
a space between Aicmaer and Bergen-op-aoom, the dif¬ 
ference of latitude between these places being 1° X$p?0'. 
He also measured another distance between the parallels 
of Aicmaer and Leyden; and from the mean of both these 
measurements, ho made a degree to consist of 55021 
French toises or fathoms. These measures were after¬ 
wards repeated and corrected by Muschenbrock, who 
found the degree to contain 57039 toises.-—He was author 
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of a great many learned mathematical works, the princi¬ 
pal of which are, 

1. Apollonius Batavus; being the restoration of some 
lost pieces of Apollonius* concerning Determinate Section, 
with the Section of a Ratio and Space: in 4to, 1008, 
published in his 17 th year. 

2. A curious tract, De ReNummaria; in I2mo, 1613. 

3. Eratosthenes Batavus; in 4to, ]6‘17* Being the 
work in which he gives an account of his operations in 
measuring the earth. 

4. A translation out of the Dutch language, into Latin, 
of Ludolph vaii-Collen’s book De Circulo & Adscripts, 
6tc ; in 4to, )6'l9* 

5. Cyclometncus, DeCirculi Dimcnsione &c ; 4 lo,l 621 . 
In this work, the author gives several ingenious approxi¬ 
mations to the measure of the circle, both arithmetical 
and geometrical. 

(j. Tiphis Batavus; being a treatise on Navigation and 
Naval Affairs; in 4to, 1624; a very well-written work. 

7. A posthumous treatise, being four books Doctrinal 
Triangulorum Canonica?; in 8vo, 1627* In which are 
contained the canon of secants ; and in which the con¬ 
struction of sines, tangents, and secants, with the dimen¬ 
sion or calculation ol triangles, both plane and spherical, 
are briefly and clearly treated. 

8. Hessian and Bohemian Observations; with his own 
notes. 

9. Libra Astronomica & Philosophica; in which he 

undertakes the examination of the principles of Galileo 
concerning comets. • ' x 

10. Concerning the Comet which appeared in l6lS, &c. 

SNOW, a well known meteor, formed by the freezing 

of the vapours in tbe atmosphere. It difters from hail and 
hoar-frost in being as it were chrystallizcd, which they 
arc not. This appears on examination of a flake of snow 
by a magnifying glass ; when the whole of it appears to 
be composed of line shining spicula diverging like rays 
from a centre. As the flakes descend through the atmo- 
i sphere, they arc continually joined by more of these ra¬ 
diated spicula, and thus increase in bulk like the drops of 
rain or hailstones; so that it seems as if the whole body 
of snow were an infinite mass of icicles irregularly figured. 
The lightness of snow, though it is firm ice, is owing to 
the excess of its surface, in comparison to the matter 
contained under it; as even gold itself may be extended 
in surface, till it will float upon the least breath of air. 

According to Bcccaria, clouds of snow differ in nothing 
from clouds of rain, but in the circumstance of cold that 
freezes them. Both the regular diffusion of the snow, and 
the regularity of the structure of its parts, show that 
clouds of snow are acted on by some uniform cause like 
electricity ; and he endeavours to show how electricity is 
capable of forming these figures. He was confirmed in 
bis conjectures by observing, that his apparatus for show¬ 
ing the electricity of the atmosphere,, never failed to be 
electrified by snow as well as by rain. Professor Wintrop 
sometimes found his apparatus electrified by snow when 
driven about by the wind, though it had not been af¬ 
fected by it when the snow itself was falling. A more 
intense electricity, according to Bcccaria, unites the par¬ 
ticles of hail more closely than the more moderate elec¬ 
tricity docs those of snow, in the same manner as we see 
that the drops of rain which fall from the thunder-clouds, 
are larger than those which fall from others, though tbe 
former descend through a less space. 


In the northern countries, the ground is covered with 
snow for several months; which proves cxccdingly favo- 
vourable for vegetation, by preserving the plants Irom those 
intense frosts which are common in such countries, and 
which would ccftainly destroy them. Bartholin ascribes 
great virtues to snow-water, but experience does not seem 
to warrant bis assertions. Snow-water, or ice-water, is 
always deprived of its fixed air: and those nations who 
live among tbe Alps, and use it for their constant drink, are 
subject to affections ol the throat, which it )*> thought are 
occasioned by it. 

From some late experiments on tlie quantity of water 
yielded by snow, it appears that the latter gives only about 
one-tenth of its bulk in water. 

SOCIETY, an assemblage or union of several learned 
persons, for their mutual assistance, improvement, or in¬ 
formation, and fur the promotion of philosophical or 
other knowledge. There arc various philosophical so¬ 
cieties instituted in different parts of the world. See 
Royal Society. 

Royal Society of England* is an academy or body of 
persons, supposed to be eminent for their learning, insti¬ 
tuted by king Charles the 2d, for promoting natural know¬ 
ledge. This society originated from an assembly of in¬ 
genious men, residing in London, who, being inquisitive 
into natural knowledge, and the new and experimental 
philosophy, agreed, about the year 1645, to meet weekly 
on a certain day, to discourse upon such subjects. These 
meetings, it is said, were suggested by Mr. Theodore Haak, 
a native of the Palatinate in Germany ; and they were held 
sometimes at Dr. Goddard’s lodgings in Wood-street, 
sometimes at a convenient place in Chcapsidc, and some¬ 
times in or near Gresham College. This assembly seems 
to be that mentioned under the title of the Invisible, or* 
Philosophical College, by Mr. Boyle, in some letters writ¬ 
ten in 1046 and 1647. About the years 1648 and 1649> 
the company which formed these meetings, began to be 
divided, some of the gentlemen removing to Oxford, ns 
Dr. Wallis, and Dr. Goddard, w here, in conjunction with 
other gentlemen, they held meetings also, and brought the 
study of natural and experimental philosophy into fashion 
there; meeting first in Dr. Petty’s lodgings, afterwards at 
Dr. Wilkins’s apartments in Wadham College, and, on his 
removal, in the lodgings of Mr. Robert Boyle ; while those 
gentlemen who remained in London continued their meet¬ 
ings ns before. '1 be greater part of the Oxford Society 
coming to London about the year 1659* they met once or 
twice a week in term-time at Gresham College, till they 
were dispersed by the public distractions of that year, 
the place where the) met being made a quarter for sol¬ 
diers. On the restoration, in 1660, their meetings were 
revived, and attended by many gentlemen, eminent for 
their character and learning. 

They were at length noticed by the government, 
and probably by the advice of Sir Jonas Moore, the king 
granted them a charter, first the 15th of July 1662, then a 
more ample one on the 22d of April l66S, and thirdly 
the 8th of April 1669 ; by which they were erected into a 
corporation, 44 consisting of a president, Council, and fel¬ 
lows, for promoting natural knowledge/’ and endued with 
various privileges and authortics. 

Their manner of electing members is by balloting; and 
two-thirds of tbe members present are necessary to carry 
the election in favour of the candidate. The council con- 
sistsof 21 members, including the president, vice-president, 
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treasurer, awl two secretaries; ten of whom go out an¬ 
nually, and ten new members are elected instead of them, 
all chosen on St. Andrew’s day. They had formerly also 
two curators, whose business it was to perform experiments 
before the society. 

Each member, at his admission, subscribes an engage¬ 
ment, that he will endeavour to promote the good of the 
society ; from which he may be freed at any time, by sig¬ 
nifying to the president that he desires to withdraw. 

The charges are five guineas paid to the treasurer at ad¬ 
mission ; and one shilling per week, or 52s. per year, as 
long as the person continues a member ; or, in lieu of the 
annual subscription, a. composition of 25 guineas in one 
payment. 

The ordinary meetings of the society, arc once a week, 
from November till the end of Trinity term the next sum¬ 
mer. At first, the time of meeting was from 3 o'clock till 
6 in the afternoon. Afterwards, it was from 6 till 7 in 
the evening, to allow more time for dinner, which con¬ 
tinued for a long series of years, till the hour of meeting 
was removed, by the present president, to between 8 and 
9 at night, that gentlemen of fashion, ns was alleged, might 
have the opportunity of coining to attend the meetings 
after dinner ; which has not been found to answer the 
purpose; besides that many members, especially elderly 
persons, find it inconvenient to be so late out as 9 or 
o’clock at night. 

Their design is to “ make faithful records of all the 
works of nature or art, which come within their reach ; 
so that the present, as well as after ages, may be enabled 
to put a mark on errors which have been strengthened by 
long prescription; to restore truths that have been long 
neglected ; to push those already known to more various 
.uses ; to make the way more passable to what remains un- 
rcvealcd, &c.” . 

To this purpose they have made a great number of ex¬ 
periments and observations on most of the works of na¬ 
ture; as eclipses, comets, planets, meteors, mines, plants, 
carthquukcs, inundations, springs, damps, fires, tides, cur¬ 
rents, the magnet, &c : their motto being Nullius in Ver¬ 
ba. They have registered experiments, histories, rela¬ 
tions, observations, &c, and reduced them into one com¬ 
mon stock. They have, from time to time, published 
some of the most useful of these, under the title of Philo¬ 
sophical Transactions, &c, usually one volume each year. 
Those papers that arc not printed, arc laid up in their re¬ 
gisters. 

They have a good library of books, which has been 
formed, ami continually augmenting, by numerous donn- 
tion<. They had also a museum of curiosities in nature, 
kept in one of the rooms of their own house in Crane Court, 
Fleet-street, where they held their meetings, with the great¬ 
est reputation, for many years, keeping registers of the 
weather, and making other experiments; for allNvhich 
purposes those apartments were well adapted. But, dis¬ 
posing of these apartments, in order to remove into those 
allotted them in Somerset Place, where having neither 
room nor convenience for such purposes, the museum was 
obliged to he disposed of, and their useful meteorological 
registers discontinued for many years. 

Sir Godfrey Copley, bart. left 5 guineas to be given an¬ 
nually to the person who should write the best paper in 
the year, under the head of experimental philosophy : this 
reward, which is bow changed to a gold medal, is the 
highest houour the society can bestowj and it is conferred 
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on St. Andrew’s day : but the communications of late 
years have been thought of so little importance, that the 
prize medal remains sometimes for years undisposed of. 

Indeed, this society now consists of a great proportion of 
honorary members, who do not usually communicate 
papers ; and many scientific members being discouraged 
from making their usual communications, by what is 
deemed the present arbitrary government of the society, 
the annual volumes have in consequence become of much 
less importance, both in respect of their bulk and the qua¬ 
lity of their contents. The number of home members has 
increased to about tiOO ; the foreign members are about 
44 in number. 

American Philosophical Society, was established at 
Philadelphia in the year 1 769 , for promoting useful know¬ 
ledge, under the direction of a patron, a president, three 
vice-presidents, a treasurer, four secretaries, and three cu¬ 
rators. The fust volume of their Transactions compre¬ 
hends a period of two years, viz, from Jan. 1, 1/69, to 
Jan. 1, 1771. Their lubours seem to have been interrupted 
during the troubles in America, which commenced soon 
after; but since their termination, other volumes have 
been published, containing a number ol very ingenious and 
useful memoirs. 

American Academy qf Arts and Sciences, was established 
by a law of the Commonwealth of Massachusetts in North 
America, in the year 17SO. 

Boston Academy qf Arts and Sciences. This is a society 
similar to the former, which has lately been established at 
Boston in New England, under the title of the Academy 
of Arts and Sciences &c. 

Berlin Society. The Society of Natural Historians 
at Berlin, was founded by Dr. Martini. There is also a 
philosophical society in the same place. 

Brussels Society. The Imperial and Royal Academy 
of Sciences and Belles Lcttres of Brussels was founded in 
1773. Several volumes of their Transactions huve since 
been published. 

Dublin Society. This is an experimental society, for 
promoting natural knowledge, which was instituted in 
1777: the members meet once a week, and distribute 
three honarary gold medals annually for the most approved 
discovery, invention, or essay, on any mathematical or 
philosophical subject. The society is under the direction 

of a president, two vice-presidents, and a secretary. 

Edinburgh Royal or Philosophical Society, succeeded 
the Medical Society, and was formed upon the plan of \n~. 
eludin'* all the ditferent branches of natural knowledge 
and the antiquities of Scotland. The meetings of tins so¬ 
ciety, interrupted in 1745, were revived in 1752; and m 
1754 the first volume of their collection was published, 
under the title of Essays or Observations Physical and Li¬ 
terary, which has been succeeded by other volumes. This 
society has been lately, incorporated by royal charier, un¬ 
der the name of the Royal Society of Scotland, instituted 
for the advancement of learning and useful kuowlcdge. 
The members are divided into two classes, physical and 
literary ; and those who are near enough to Edinburgh 
to attend the meetings, pay a guinea on admission, an 
the same sum annually. The first meeting was held on 
the first Monday of August 1783; when there were 
chosen, a president, two vice-presidents, a secretary, trea¬ 
surer, and a council of 12 persons. Several of the^vo¬ 
lumes of their Transactions have been published, which aro 
very respectable both for their magnitude and contents. 
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In France there have been several institutions of this kind 
for the improvement of science, besides those recounted 
under the word Academy : As, the Royal Academy at 
Soissons, founded in 1674; at Villefranchc, Beaujolois, 
in 1679; at Nisraes, in 1682; at Angers, in 1685; the 
Royal Society at Montpelier, in 17o6, which is so inti¬ 
mately connected with the Royal Academy of Sciences of 
Paris, as to form with it, in some respects, one body: the 
literary productions of this society are published in the 
memoirs of the academy : the Royal Academy of Sciences 
and Belles Lettres at Lyons, in 1700; at Bourdeaux, in 
1703; at Marseilles, in 1726'; at Rochelle, in 1734; at 
Dijon, in 1740; at Pau in Bern, in 1721 ; at Beziers, in 
1723; at Montauban, in 1744; at Rouen, in 1744 ; at 
Amiens, in 1750; at Toulouse, in 1750; at Besanyon, in 
1752; at Metz, in 1760; at Arras, in 1773 ; and at 
Chalons sur Maine, in 1775. And the National Institute, 
established at Paris in 1794- For other institutions of a 
similar nature, and their literary productions, sec the arti¬ 
cles Academy, Journal, and Transactions. 

Manchester Literary and Philosophical Society, is of 
considerable reputation, and has been lately established 
there, under the direction of two presidents, four vice-pre¬ 
sidents, and two secretaries. The number of members is 
limited to 50 ; besides these there are several honorary 
members, all of whom are elected by ballot; and the 
officers arc chosen annually in April. Several valuable 
essays have been already read at the meetings of this so¬ 
ciety. 

Newcastle-upon-Tyne Literary and Philosophical Society. 
This society was instituted the 7th of February 1793, un¬ 
der the direction of a president, four vice-presidents, two 
secretaries, a treasurer, which together with four of the 
ordinary members form a committee, all annually elected 
at a general meeting. The subjects proposed for the con¬ 
sideration and improvement of this society, comprehend 
the mathematics, natural philosophy and history, che¬ 
mistry, polite literature, antiquity, civil history, biogra¬ 
phy, questions of general law and policy, commerce, and 
the arts. From such ample scope in the objects of the 
society, with the known respectability, zeal, and talents 
of the members, the greatest improvements and discoveries 
may be expected to be made in those important branches 
of useful knowledge. 

Several other similar societies have been since instituted 
at other places, 

SOCRATES, the chief of the ancient philosophers, was 
born at Alopcce, a small village of Attica, in the 4th year 
of the 77 th olympiad, or about 467 years before Christ. 
Sophroniscus, his father, being a statuary or carver of 
images in stone, our author followed the same profession 
for some time, for a subsistence. But being naturally 
averse to thi? employment, he only followed it when ne¬ 
cessity compelled him ; and on getting a little before-hand, 
would for a while lay it aside. These intermissions of his 
trade were bestowed upon philosophy, to which he was 
naturally addicted ; and. this being observed by Crito, a 
rich philosopher of Athens, Socrates was at length taken 
from his shop, and put into a condition of philosophising 
at bis ease and leisure. 

He had various instructors in the sciences, as Anaxago¬ 
ras, Archylaus, Damon, Prodicus, to whom may be added 
the two learned women Diotyma and Aspasia, of the last 
of whom he learned rhetoric : of Euenus he learned poe- 
Voh. II. 


try ; of Ichomachus, husbandry ; and of Theodorus, geo¬ 
metry. 

At length he began himself to teach; and was so elo¬ 
quent, that he could lead the mind to approve or disap¬ 
prove whatever he pleased ; but never used this talent lor 
any other purpose than to conduct his lellow-citizens into 
the path of virtue. The academy of the Lycxum, and a 
pleasant meadow without the city on the side of the river 
llyssiis, were places where he chiefly delivered his instruc¬ 
tions, though it seems he was never out of his way in that 
respect, as lie made use of all times and places for that 
purpose. 

He is represented by Xenophon as excellent in all kinds 
of learning, and particularly instances arithmetic, geome¬ 
try, and astrology or astronomy: Plato mentions natural 
philosophy; Idomcneus, rhetoric; Laertius, medicine. 
Cicero aflirms, that bv the testimony of all the learned, 
and the judgment of all Greece, he was, as well in wisdom, 
acuteness, politeness, and subtlety, as in eloquence, va¬ 
riety, and richness, in whatever he applied himself to, with¬ 
out exception, the prince of all. 

It has been observed by many, tli3t Socrates little aflect- 
ed travel ; his life being wholly spent at home, excepting 
when he went out upon military services. In the Pelopon¬ 
nesian war lie was thrice personally engaged: on which 
occasions it is said he outwent all the soldiers in hardiness: 
and if at any lime, sailh Alcibiadcs, as it often happens in 
war, the provisions failed, there were none who could 
bear the want of meat and drink like Socrates: >et, on 
the other hand, in times of feasting, he alone seemed to 
enjoy them ; and though of liimscl! lie would not drink, 
yet being invited, lie far outdrank every one, though lie 
was never seen intoxicated. 

To this great philosopher Greece was principally in¬ 
debted for her glory and splendor. lie formed the man¬ 
ners of the most celebrated persons of Greece, as Alci¬ 
biadcs, Xenophon, Plato, cScc. But his great services and 
the excellent qualities of his mind could not secure him 
from envy, persecution, and calumny. The thirty tyrants 
forbad his instructing youth ; and as lie derided the plu¬ 
rality of the Pagan deities, he was accused of impiety. 
The day of trial being come, Socrates made his own de¬ 
fence, without procuring an advocate, as the custom was, 
to plead for him. lie did not defend himself with the tone 
and language of a suppliant or guilty person, but, as if he 
were master of the judges themselves, with freedom, firm¬ 
ness, and some degree of contumacy. Many of his friends 
also spoke in his behalf; and lastly, Pluto x wcnt up into 
the chair, and began a speech in these words : 44 Though 
I, Athenians, am the youngest of those that come npinto 
this place"—but they stopped him, crying out, 44 of those 
that go down,” which he was thereupon constrained to do ; 
and then proceeding to vote, they condemned Socrates to 
death, which was effected by means of poison, when he was 
70 years of age. Plato gives an affecting account of his 
imprisonment and death, and concludes, 44 'I his was the 
end of the best, the wisest, and the justest of men/’ And 
that account of it by Plato, Tully professes, lie could ne¬ 
ver read without tears. 

As to the person of Socrates, he is represented as very 
homely ; he was bald, had a dark complexion, a flat nose, 
eyes sticking out, and a severe downcast look. But the 
defects of his person were amply compensated by the vir¬ 
tues and accomplishments of his mind. Socrates was iu- 
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deed n man of all virtues ; and so remarkably frugal, that 
how little soever he had, it was always enough. When 
he was amidst a great variety of rich and expensive ob¬ 
jects, he would often say to himself, 14 How many things 
are there which I do not want V 9 

Socrates had two wives, one of which was the noted 
Xantippe; whom Aulus Gellius describes as an accursed 
froward woman, always chiding and scolding, by day and 
by night, and whom it was said he made choice of as a 
trial and exercise of his temper. Several instances are 
recorded of her impatience and his forbearance. One 
day, before some of his friends, she fell into the usual ex¬ 


nally, that God, though invisible himself, at once sees all, 
hears all, is every where, and orders all. 

As to the other great object of metaphysical research, 
the soul, Socrates taught, that it is pre-cxistent to the 
body, endued with the knowledge of eternal ideas, which 
in its union to the body it loseth, as stupefied, until 
awakened by discourse from sensible objects j on which 
account, all its learning is only reminiscence, a recovery 
of its first knowledge. That the body, being compound¬ 
ed, is dissolved by death ; but that the soul, being simple, 
passeth into another life, incapable ot corruption. lliat 
the souls of men are divine. That the souls of the good 
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travagances of her passion ; when he, without answering after death arc in a happy state, united to God in a blessed 

a word, went abroad with them : but on his going out of inaccessible place; that the bad m convenient places suf- 

the door, she ran up into the chamber, and threw down fer condign punishment. 


water upon his head ; upon which, turning to his friends, 

“ Did not I tell you (says he), that after so much thunder 
we should have rain ?" Another time she pulled his cloak 
from his shoulders in the open forum; and some of his 
friends advising him to beat her, 44 Vos (says he), that 
while wc two fight, you may all stand by, and cry, Welt 
done, Socrates ; to him, Xantippe." 

They who affirm that Socrates wrote nothing, mean 
only in respect to his philosophy; for it is attested and al¬ 
lowed, that he assisted Euripides in composing tragedies, 
and was the author of some pieces of poetry. Dialogues 
also and epistles are ascribed to him : but his philosophi¬ 
cal disputatious were committed to writing only by his 
scholars: and that chiefly by Plato and Xenophon. The 
latter set the example to the rest in doing it first, and also 
with the greatest punctuality; as Plato did it with the 
most liberty, intermixing so much of his own, that it is 
hardly possible to know what pari belongs to each. 
Hence Socrates, hearing him recite his Lysis, cried ouL 
44 How fir.iny things doth this young man feign of me l 
Accordingly, the greatest part of his philosophy is to be 
found in the writings of Plato. To Socrates is ascribed 
the first introduction of moral philosophy. Man haying 
a twofold relation to things divine and human, his doctrines 
were with regard to the former metaphysical, to the latter 
moral. His metaphysical opinions were chiefly, that, 
There are three principles of all things, God, matter, and 
idea. God is the universal intellect; matter the subject 
of generation and corruption ; idea, an incorporeal sub¬ 
stance, the intellect of God ; God the intellect of the 


stance, mu intellect ui , vwv. - - . . i ar 

world. God is one, perfect in himself, giving the being cd into regular or irregular 
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All the Grecian sects of philosophers refer their origin 
to the discipline of Socrates; particularly the Platonics, 
Peripatetics, Academics# Cyrcnaics, Stoics, &c. 

SOLAR, something relating to the sun. Thus, wc say 
solar fire in contradistinction to culinary fire. 

Solar Civil Month. See Month. 

Solar Cycle. Sec Cycle. 

Solar Comet . See Discus. 

Sola r Eclipse , is a privation of the light of the sun, by 
the interposition of the opakc body ot the moon. See 
LcLI PSE. 

Solar Month, Rising, Spott. Sec the substantives. 

Solar System, the order and disposition ot the several 
heavenly bodies, which revolve round the sun as the centre 
of their motion ; viz, the planets, primary and secondary, 
and the comets. See System. 

Solar Year. See Year. 

SOLID, in Physics, a body whose minute parts are con- 
nectcd together, so as not to give way, or slip from each 
other, on the smallest impression, The word is used in 
this sen>c, in contradistinction to fluid. 

Solid, in Geometry, is n magnitude extended in every 
possible direction. Though it is commonly said to be en¬ 
dued with three dimensions only, hngth, breadth, and 
depth or thickness, llcnce, as all bodies have these throe 
dimensions, and nothing but bodies, solid and body are 
often used indiscriminately. The extremes of solids are 
surfaces. That is, solids arc terminated either by one 
surface, as a globe, or by several, either plane or curved. 
And fromthe circumstances of these, solids arc distinguish- 
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and well-being of every creature.—'That God, not chance, 
made the world anti all creatures, is demonstrable from 
the reasonable disposition of their parts, as well for use as 
defence ; from their care to preserve themselves, and con¬ 
tinue their species.—That lie particularly regards man in 
his body* appears from his noble upright form, and from 
the gift of speech; in his soul, from the excellency of it 
above others.—That God tukes care of all creatures, is de¬ 
monstrable from the benefit he gives them of light, water, 
fire, and fruits of the earth in due season. That he hath 
a particular regard of man, from the destination of all 
plants and creatures for his service ; from their subjection 
to man, though they may exceed him ever so much in 
strength ; from the variety of man's sense, accommodated 
to the variety of objects, for necessity, use, and pleasure; 
from reason, by which he discourscth through reminiscence 
from sensible objects ; from speech, by which he commu¬ 
nicates all he knows, gives laws* and governs stales. Fi- 


into regular ui uiccumi* . , 

Regular Solids, are those that arc terminated hy re¬ 
gular and equal planes. These arc the tetraedron, hex- 
oedron, or cube, octncdrou, dodccacdron, and ‘Cpsaedron, 
nor can there possibly be more than these five■regular so 
lids or bodies, unless perhaps the sphere or gtohebe «m 
sidered as one of an infinite number of sides. See these 
articles severally, also the article Regular Bod y 

Irregular Solids, are all such as do not come under 
the definition of regular ones: such as cylinder, con®, 
prism, pyramid, &c. Similar solids are.to one ano her m 
the triplicate ratio of their like sides, or as the cubes of 
the same. And all sorts of prisms, as also Py. ra ™ , ^» 
to one another in the compound ratio of their 

Uta SoHD Angle , is that formed by three or mow plane 
angles meeting in a point; like an angle of a > , 

point of a diamond well cut. The sum of al ^ Plane 
angles forming a solid angle, is always than 300 S- 
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otherwise they would constitute the plane of a circle, and 
not a solid. See a disquisition on the nature and mea¬ 
sure of solid angles in my Course of Mathematics, vol. 3. 

Atmosphere of Solids. See Atmosphere. 

Solid Bastion. See Bastion. 

Cubature of Solids, See Cubature and Solidity, 

Measure of a Solid. See Measure. 

Solid Foot. See 1 'oot. 

Solid Numbers , are those which arise from the multi¬ 
plication of a plane number, by any other number what¬ 
ever. Thus, 18 is a solid number, produced from the 
plane number 6 and 3, or from y and 2. 

Solid Place. , Sec Locus. 

Solid Problem , is one which cannot be constructed 
geometrically; but .by the intersection of a circle and a 
conic section, or by the intersection of two conic sec¬ 
tions. Thus, to describe an isosceles triangle on a given 
base, so that cither angle at the base shall be triple ol that 
at the vertex, is a solid problem, resolved by the intersec¬ 
tion of a paraboia and circle, and it serves to inscribe a 
regular heptagon in a given circle. 

hi like manner, to describe an isosceles triangle having 
its angles at the base each equal to 4 times that at the 
vertex, is a solid problem, effected by the intersection of 
an hyperbola and a parabola, and serves to inscribe a re¬ 
gular nonagon in a given circle. And such a problem as 
this lias four solutions, and no more; because two conic 
sections can intersect in 4 points only.—How all such 
problems arc constructed, is shown by Dr. Halley, in the 
Philos. Trans, num. 188. 

Solid of Least Resistance . See Resistance. 

Surfaces ^Solids. Sec Area, and Superficies. 

Solid Theorem. See Theorem. 

SOLIDITY, in Physics, a property of matter or body, 
by which it excludes every other body from that place 
which is possessed by itself. Solidity in this sense is a 
property common to all bodies, whether solid or fluid. 
It is usuully called impenetrability ; but solidity expresses 
it better, as carrying with it somewhat more of positive 
than the other, which is & negative idea. . 

The idea of solidity, Mr. Locke observes, arises from 
the resistance we find one body makes to the entrance of 
another into its own place. Solidity, he adds, seems the 
most extensive property of body, as being that by which 
wc conceive it to fill space; it is distinguished from lucre 
space, by this latter not being capable of resistance or 
motion.—It is distinguished from hardness, which is only 
a firm cohesion of the solid parts. 

The difficulty of changing situation gives no more soli¬ 
dity to the hardest body than to the softest; nor is the 
hardest diamond properly a jot more solid than water. 
By this wc distinguish the idea of the extension of body, 
from that of the extension of space : that of body is the 
continuity or cohesion of solid, separable, moveable 
parts; that of space the continuity of unsolid, inseparable, 
immoveable parts. 

The Cartesians however will, by all means, deduce so¬ 
lidity, or, as they call it, impenetrability, from the nature 
of extension ; they contend, that the idea of the former 
is contained in that of the latter; and hence they argue 
against a vacuum. Thus, say they, one cubic foot of 
extension cannot be added to another without having two 
cubic feet of extension ; for each has in itself all that is 
required to constitute that magnitude. And hence they 
conclude, that every part of space is solid, or impenetra- 
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Lie, as of its own nature it excludes all other. Bui the 
conclusion is false, and the instance they give follows froia 
this, that the parts of space are immoveable, not from 
their being impenetrable or solid. See Matter. 

Solidity is also used for hardness, or firmness; as 
opposed to fluidity; viz, when body is considered either 
as fluid or solid, or hard or firm. 

Soli dit y, in Geometry, denotes the quantity of space 
contained in a solid body, or occupied by it ; called also 
the solid content, or the cubical content; for all solids 
arc measured by cubes, whose sides are inches, feet, or 
yards, &c; and hence the solidity of a body is said to he 
so many cubic inches, feet, yards, &c, as will fill its ca¬ 
pacity or space, or another of an equal magnitude. 

The solidity of a cube, parallelopipedon, cylinder, or 
any other prismatic body, i. e. one whose parallel sections 
arc all equal and similar throughout, is found by .multi¬ 
plying the base by the height or perpendicular altitude. 
And of any cone or oilier pyramid, the solidity is equal 
to one-third part of the same prism, because any pyramid 
is equal to the 3d part of its circumscribing prism. Also, 
because a sphere or globe may be considered as made up 
of an infinite number of pyramids, whose bases form the 
surface of the globe, and their vertices all meet in the 
centre, or having their common altitude equal to the ra¬ 
dius of the globe ; therefore the solid content of it is 
equal to one-third part of the product of its radius and 
surface. For the solidity of other figures, see each figure 
separately. 

The foregoing rules arc such as are derived from com¬ 
mon geometry. But there arc in nature numberlessother 
forms, which require the aid of other methods aud prin¬ 
ciples, as.follows. 

Of the Solidity of Bodies formed by a Plane revolving 
about any Axis, either within or without the Body. —Con¬ 
cerning such bodies, there is a remarkable property or 
relation between their solidity and the path or line de¬ 
scribed by the centre of gravity of the revolving plane; 
viz, the solidity of the body generated, whether by a 
whole revolution, or only a part of one, is always equnl 
to the product arising from the generating plane drawn 
into the path or line described *by its centre of gravity, 
during its motion in describing the body. And this rule 
holds true for figures generated by all kinds of motion 
whatever, whether rotatory, or direct or parallel, or ir¬ 
regularly zigzag, &c, provided the generating plane does 
not vary, but continue the same throughout. And the 
same law holds true also for all surfaces any how gene¬ 
rated by the motion of a right line. This is called the 
Centrobaric method. See Centrobakic, and my Men¬ 
suration, sect. 3, part 4. 

Of the Solidity of Bodies by the Method qf Fluxions .— 
This method applies very advantageously in all cases also 
in which a body is conceived to be generated by the revo¬ 
lution of a plane figure about an axis, or, which is much 
the same thing, by the parallel motion of a circle, gra¬ 
dually expanding and contracting itself, according to the 
nature of the generating plane. It is also particularly 
useful for the solids generated by any curvilineal plane 
figures. Thu9, let the plane aed Devolve about the axis 
ad; then it will generate the solid ab Fpc. But as every 
ordinate de, perpendicular to the axis ad, describes a 
circle bcef in the revolution, therefore the same solid 
may be conceived as^gcncrated by a circle bcef, gra¬ 
dually expanding itself larger and larger, and moving 
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perpendicularly along the axis ad. 
area of (hat circle being drawn into 
the fluxion of the axis, will produce 
the ihiMon of the solid ; and there¬ 
fore the fluent, when taken, will give 
the solidity of that body. That is, ad 
x circle bcf, (whose radius is he, or 
diameter BE) is the fluxion of the so¬ 
lidity. 

Hence then, putting ad = J, de = 
y, t = 3-141 O'; because cy 1 is equal to the area of the 
circle bcf ; therefore cy‘x is the fluxion of the solnl. 
Consequently if the value of cither y* or x be found in 
terms i f each other, from the given equation expressing 
the nature of the curve, and that value be substituted for 
it in the fluxional expression cy‘x, the fluent of the result¬ 
ing quantity, being taken, will be the required solidity of 
the body. 

For F.n. Suppose the figure to be a parabolic conoid, 
generated by the rotation ot the common parabola ade 
about its axis ad. In this case, the equation of the 
curve of the parabola is px — y 1 , where/> denotes the 
parameter of the axis. Substituting therefore px instead 
of y‘, in the fluxion cy*x , it becomes cpxx ; and the fluent 
of this is icpx'- = \cxy‘ for the solidity ; that is half the 
product of the base of the solid drawn into its altitude; 
for cy* is the area of the circular base dcf, and x is the 
altitude. And so on for other such figures. Seethe con¬ 
tent of each solid under its proper article. 

For the Solidity of Irregular Solids, or such as cannot 
be considered as generated by any tegular motion or de¬ 
scription ; they must either be considered ns cut or di¬ 
vided into several parts of known forms, as prisms, or py¬ 
ramids, or wedges, &c, and the contents of these parts 
found separately. Or, in the case of the smaller bodies, 
of forms so irregular as not to be easily divided in that 
way, put them into some hollow regular vessel, as a 
hollow cylinder or parallclopipcdon, &c; then pour in 
water or sand so that it may fill the vessel exactly to the 
top of the inclosed irregular body, noting the height it 
rises to; then take out the body, and note the height the 
fluid again stands at; tttfe difference of these two heights 
is to be'Considcrcd as the altitude of a prism of the same 
base and form as the hollow vessel; and consequently the 
product of that altitude and base will be the accurate so¬ 
lidity of the immerged body, be it ever so irregular. 

SOLSTICE, in Astronomy, is the time when the sun 
is in onc a of the solstitial points, that is, when he is ut the 
greatest distance from the equator, which is now nearly 
23° 28' on cither side of it. it is so called, because the 
sun then seems to stand still, and not to change his place, 
as to declination, either way. There are two solstices, 
in each year, when the sun is at the greatest distance on 
the north and south sides of the equator ; viz, the estival 
or summer solstice, and the liyemnl or winter solstice. 

The summer solstice is when the sun is in the tropic of 
Cancer; which is about the 21st of June, when he makes 
the longest day. Ami the winter solstice is when he en¬ 
ters the first degree of Capricorn ; which is about the 22d 
of December, when he makes the shortest day.—This is 
to be understood, as in our northern hemisphere; for in 
the southern, the sun’s entrance into Capricorn makes 
their summer solstice, and that -into Cancer the winter 
one. So that it is more precisuqjuid determinate, to say 
the northern and southern solstice; 


SOLSTITIAL Points, are those points of the ecliptic 
the sun is in at the limes of flic two solstices, being the 
first points of Cancer and Capricorn, which art diametri¬ 
cally opposite to each other. 

Solstitial Colure, is that which passes through the 
solstitial point?. 

SOLUTION, in Mathematics, is the answering or re¬ 
solving of a question or pioblcm that is proposed. See 
Resolution, and Reduction oj Equations. 

Solution, in Physics, is the reduction of a solid or 
firm body, into a fluid state, by means of some menstru¬ 
um.—Solution is often confounded with what is called 
dissolution, though there is a difference. 

SOSIGENES, was an Egyptian mathematician, whose 
principal studies were chronology and the mathematics 
in general, ai\d who flourished in the time ol Julius 
Ccpsar. lie is represented as well versed in the mathe¬ 
matics and the astronomy of the ancients ; particularly of 
those celebrated 'mathematicians, Thales, Archimedes, 
Hipparchus, Calippus, and many others, who had un¬ 
dertaken to determine the quuntity of the solar year; 
which they had ascertained much nearer the truth than 
one can well imagine they should, with instruments so 
very imperfect; as may appear by reference to Ptolemy’s 
Almagest. 

It seems that Sosigenes made great improvements, and 
gave proofs of his being able to demonstrate the certainty 
of his discoveries ; by which means he became popular, 
and obtained repute with those who had a genius to un¬ 
derstand and relish such inquiries. Hence he was sent 
for by Julius Caisar, who being convinced of his capacity, 
employed him in reforming the calenuar; and it was he 
who formed the Julian year which begins 45 years before 
the birth of Chrisf. His other works are lost since that 

period. • . . r 

SOUND, in Geography, denotes a strait or inlet ot 

the sea; between two capes or head-lands. 

The Sound is used, by way of eminence, for thnt ce¬ 
lebrated strait which connects the German sea to the 
Baltic. It is situated between the island of Zealand and 
the coast of Schonen. It is about 16 leagues in length,and 
in general about 5 in breadth, except near the castle of 
Cronenberg, where it is but one; so thnt there is no pas¬ 
sage for vessels but under the cannon of the fortress. 

Sound, in Physics, a perception of the mind, com¬ 
municated by means of the ear; being an tjflect of the 
collision of bodies, and their consequent tremulous mo¬ 
tion, communicated to the ambient fluid, and so propa¬ 
gated through it to the orguns of hearing. . 

To illustrate the cause of sound, it is to be observed, 
1st, That a motion is necessary in the sonorous body for 
the production of sound. ' 2dly, That this motion exists 
first in the small and insensible parts of the sonorous bo¬ 
dies, and is excited in them by their mutual collision 
against each other, which produces the tremulous motion 
so observable in bodies that have a clear sound, as bells, 
musical chords, &c. Sdly, That this motion is commu¬ 
nicated to, or produces a like motion in the air, or sue 
parts of it os ore fit to receive and propagate it. Lastly, 
That this motion must be communicated to those 
parts that are the proper and immediate instruments ok ^ 

hearing. * _ . ,. • ’ , 

Now that motion of a sonorous body, which w the im¬ 
mediate cause of sound, maybe owing to two different 
causes ; either the percussion between it and other hard 


sou 


sou 


C 413 ] 


bodies, as in drums, bells, chords, &c ; or the beating and 
dashing of the sonorous body and the air immediately 
against each other, as in flutes, trumpets, <S;c. 

But in both these cases, the motion, which is the con¬ 
sequence of the mutual action, as well as the immediate 
cause of the sonorous motion which the air conveys to 
the car, is supposed to he ail invisible, tremulous or un¬ 
dulating motion, in the small and insensible parts of the 
body. Perrault adds, that the visible motion of the 
grosser parts contributes no otherwise to sound, than as 
it causes the invisible motion of the smaller parts, which 
he calls particles, to distinguish them irom the sensible 
ones, which lie c<dls parts, and from the smallest of all, 
which are called corpuscles. 

The sonorous body having made its impression on the 
contiguous air, that impression is propagated Irom one 
particle to another, according to the laws of pneumatics. 
A few particles, for instance, driven from the surface of 
the body, push or press their adjacent particles into a less 
space; and the medium, as it is thus rarefied in one place, 
becomes condensed in the other ; but the air thus com¬ 
pressed in the second place, is, by its elasticity, returned 
back again, both to its former place and its former state ; 
and the air contiguous to that is compressed ; and tin* like 
obtains when the air less compressed, expanding itself, a 
new compression is generated. Therefore from each agi¬ 
tation of the air there arises a motion in it, analogous to 
the motion of a wave on the surface of the water ; which 
is culled a wave or undulation of air. In each wave, the 
particles go and return back again, through very short 
equal spaces ; tin* motion of each particle being analo¬ 
gous to the motion of a vibrating pendulum while it per¬ 
forms two oscillations; most of the laws of the pendu¬ 
lum, with very little alteration, being applicable to the 
former. 

Sounds arc as various as are the means that concur in 
producing them. The chief varieties result from the 
figure, constitution, quantity, &c, of the sonorous body ; 
the manner of percussion, with the velocity, &c, of the 
consequent vibrations; the state and constitution of the 
medium ; the disposition, distance, &c, of the organ ; the 
obstacles between the organ and the sonorous object and 
the adjacent bodies. The most notable distinction of 
sounds, arising from the various degrees and combinations 
of the conditions above mentioned, arc into loud and low 
(or strong and weak); into grave and acute (or sharp and 
flat, or high and low) ; and into long and short. The 
management of which is the office of music. 

Euler is of opinion, that no sound making fewer vibra¬ 
tions than 30 in a second, or more than 7520, is distin¬ 
guishable by the human ear. According to this doctrine, 
the limit of our hearing, us to acute and grave, is an 
interval of 8 octaves. Tcntam. Nov.Thcor. Mus. cap. 1, 
sect. 13. 

The velocity of sound is the same with that of the 
aerial waves, and does not vary much, whether it go with 
the wind or against it. By the wind indeed a certain 
quantity of air is carried from one place to another ; and 
the sound is accelerated while its waves move through that 
part of the air, if their 'direction be the same as that of 
the wind. But as sound moves vastly swifter than the 
wind, the acceleration it will hereby receive is but incon¬ 
siderable; and the chief effect we can perceive from the 
wind is, that it increases and diminishes the space of the 


waves, so that by help of it the sound may be heard to a 
greater distance than otherwise it would. 

That the air is the usual medium of sound, appears 
from various cxpei intents in rarefied and condensed air. 
In an unexhausted receiver, a small bi ll may be heard to 
some distance; but when much exhausted, it can scarce 
be heard at the smallest distance, not at all in a perfect 
vacuum. When the air is condensed, the sound is louder 
in proportion to the condensation, or quumi'v < f air 
crowded in ; of which there arc many instant 4 v m I lauks- 
bee’s experiments, in Dr. Priestley’s, and others. Be¬ 
sides, sounding bodies communicate tremors to distant 
bodies; for example, the vibrating motions of a musical 
string put others in motion, whose tension and quantity 
of matter dispose their vibrations to keep time with the 
pulses of air, piopagated from the string that was struck. 
Galileo explains tiiis phenonn non by observing, that a 
heavy pendulum may he put in motion by the least 
breath of the mouth, provided the blasts be repeated, so as 
to keep time exactly w ith the vibrations of the pendulum ; 
and also by attending to the same circumstances of vi¬ 
bration, the raising a large bell is easily effected. 

It is not air alone that is capable of the impressions of 
sound, but water also; as is manifest by striking a bell 
under water, the sound of which may plainly enough be 
heard, only not so loud, and also a fourth deeper, accord¬ 
ing to good judges in musical notes. And Mersennc 
says, a sound made under water is of the same lone or 
note, as if made in air, and heard under the water. 

The real vehicle of sound, or that by which it is trans¬ 
mitted from the sonorous body to the car, is a subject 
that has much engaged the attention of philosophers. 
From the above-mentioned experiments in an exhausted 
receiver some have concluded, rather hastily, that air is 
this vehicle; but though air will convey sound, and even 
though it cannot be transmitted through a vacuum, yet 
it does not follow that air is the only medium of trans¬ 
mission : this indeed is proved by the experiment of strik¬ 
ing a bell in water, which, as above observed, may be 
heard nearly as well as when sounded in the air. Again, 
solid bodies transmit sound much more readily than the 
air : it has been lately determined, by some experiments 
accurately made and frequently repeated in France by Mr. 
Biot, that sound is transmitted through a solid body in 
0"*29> which in open air would require 2 ,,0 79 to be con¬ 
veyed to the same distance, according to tlie experiments 
of the Academy of Science*. 

The velocity of sound, or the space through which it is 
propagated in a given time, has been very differently esti¬ 
mated by authors who have written on this subject. Uo- 
berval states it at the rate of 560 feet in a second ; Gas- 
sendus at 1473; Mersennc at 1474; Duhamel, in the 
History of the Academy of Sciences at Paris, at 1338 ; 
Newton at 968 ; Derham, in whose measure Flamsteed 
and Halley acquiesce, at 114*2.—*1 he reason of this va¬ 
riety is ascribed by Derham, partly to some of those gen¬ 
tlemen using strings and plummets instead of regular 
pendulums; and partly to the too small distance between 
the sonorous body and the place of observation; and 
partly to no regard being had to the winds. 

But by the accounts since published by M. Cassini de 
Thury, in the Memoirs of the Royul Acad, ot Sciences at 
Paris, 1738, where cannon were fired at various great 
distances, under many varieties of weather, wind, and 



sou 


sou 


C 414 ] 


other circumstances, and where the measures of the dif¬ 
ferent place.- had been settled with the utmost exactness, 
it was found that sound was propagated, on a medium, at 
the rate of 1038 French feet in a second of time. But 
the French fool is in proportion to the English as 15 to 
16'; and consequently 1038 French feet are equal to 1107 
English feet. Therefore the difference of the measures of 
Dcrham and Caisini is 35 English feet, or 33 French 
feet, in a second. Whence the medium velocity of sound 
is nearly at the rate of n mile, or 5280 feet, in 4-y se¬ 
conds, or a league in 14- seconds, or 13 miles in a minute. 
But geographical miles are to English miles nearly as 7 
to 6 ; and therefore sound moves over a geographical mile 
in 5$ seconds nearly, or a sea league in 16 seconds. 

Farther, it is a common observation, that persons in 
good health have about 75 pulsations, or beats of the ar¬ 
tery at the wrist, in a minute: consequently in 75 pulsa¬ 
tions, sound flics about 13 English miles, or lly sea 
miles, which is about 1 English mile in 6 pulses, or a 
league in 20 pulses. And hence the distance of objects 
may be found, by knowing the time employed by sound 
in moving from those objects to an observer. For ox. 
On seeing the flash of a gun at sea, if 54 beats of the 
pulse at the wrist were counted betorc the report was 
heard ; the distance of the gun will easily be found by 
dividing 54 by 20, which gives 2 7 leagues, or about 8 
miles. 

On the nature, production, &c, of sound, see the arti¬ 
cle Phonics and Echo; also the Memoirs of the Acad, 
and the Philos. Trans, in many places; Newton, Prin- 
cipia; Kirchcr, Mesurgia Universalis; Mersenne; Bo- 
relli, Del Suono; Bernoulli and Euler, &c, in the Peters¬ 
burg Memoirs; Priestley, Exper. and Obscrv. vol. 5 ; 
flales, Sonorum Doctnna rationale ct experimcntnlis, 
4to, 1778; Dr. Matthew Young on Sounds and Musical 
Strings; see also an ingenious treatise published 1790, by 
Mr. Geo. Saunders, on Theatres; in which ho relates 
many experiments made by himself, on the nature and 
propagation of sound. In this work, he shows the great 
effect of water, and some other bodies, in conducting of 
sound. Some of his conclusions and observations arc as 
follow: 

Earth may be supposed to have a twofold property 
with respect to sound. Being very porous, it absorbs 
sound, which ,is counteracted by its property of con¬ 
ducting sound, und occasions it to pass on a plane, in 
an equal proportion to its progress in uir, unencumbered 
by any body, if a sound be sufficiently intense to im¬ 
press the earth in its tremulous quality, it will be car¬ 
ried to a considerable distance, as when the earth is 
struck with any thing hard, as by the motion of a car¬ 
riage, horses feet, &c. Plaster is proportionally belter 
than loose earth for conducting sound, as it is more 
Compact. Clothes of every kind, particularly woollen 
cloths, are very prejudicial to sound : their absorption of 
sound may he compared to thut of water, which they 
greedily imbibe. 

A number of people seated beforo others, as in the pit 
or gallery of a theatre, do considerably prevent the voico 
reaching those behind ; and hence it is, that wc hear so 
much better in the front of the galleries, or of any situa¬ 
tion, than behind others, though we may be nearer to the 
‘peakor. Our 6eats, rising so little above each other, oc¬ 
casion this defect, which would be remedied, could we 


have the seats to rise their whole height above each other, 
as in the ancient theatres. Paint has generally been 
thought unfavourable to sound, from its being so to musi¬ 
cal instruments, whose effects it quite destroys. 

Musical instruments mostly depend on the vibrativc or 
tremulous property of the material, which a body of 
colour hardened in oil must very much alter; but wc 
should distinguish that this regards the formation of 
sound, which may not altogether be the case in the pro¬ 
gress of it. Water has been little noticed, with respect 
to its conducting sound ; but it will be found to be of tha 
greatest consequence. 1 had often perceived in newly- 
finished houses, that while they were yet damp, they 
produced echoes; but that the echoing abated as they 
dried. 

Exp. When I made the following experiment there was 
a gentle wind ; consequently the water Was proportionally 
agitated. I chose a quiet part of the river Thames, near 
Chelsea Hospital, and with two boats tried the distance 
the voice would reach. On the water we could distinctly 
hear a person read at the distance of 140 feet, on land at 
that of 76. It should be observed, that on land no noise 
intervened; but on the river some noise was occasioned 
bv the flowing of the water aguinst the boats; so that the 
difference on land and on water must be much more. 

Watermen observe, that when the water is still, and 
the weather quite calm, if no noise intervene, a whisper 
may be heard across the river; and that with the current 
it will be carried to n much greuter distance, and vice 
vena against the current.—Mariners well know the dif¬ 
ference of sound on sea and land. When a canal of water _ 
was laid under the pit floor of the theatre of Argentino, 
at Rome, a surprising difference was observed ; the voice 
has since been heard at the end very distinctly, where 
it was before scarce distinguishable. It is observable that, 
in this part, the canal is covered with a brick arch, over 
which there is a quantity of earth, and the timber floor 
over all. 

The villa Simonclla near Milan, so remarkable for its 
echoes, is entirely over arcades of water. Another villa 
near Rouen, remurkablc for its echo, is built over subter¬ 
raneous cavities of wnter. A reservoir of water domed 
over, near Stanmorc, has a strong echo. I do not remem¬ 
ber ever being under the arches of a stone bridge that 
did not echo ; which is not always the cose with similar 
structures on land. A house in Lambeth Marsh, inha¬ 
bited by Mr. Turtle, is very damp during winter, when it 
yields an echo which abates as the house becomes dry th 
summer. Kirchcrobscrves, that echoes repeat more by 
night than during the day: he makes the difference to bo 
double. Dr. Plott says, the echo in Woodstock park, 
repeated 17 limes by day, and 20 by night. And Addi¬ 
son's experiment at tho Villa Simonettu was in a fog, when 
it produced 56 repetitions. 

After all these instances, I think little doubt can re¬ 
main of the influence water has on sound ; and I con¬ 
clude that it conducts sound more than any other body 
whatever. After wnter, stone «ttny be reckoned the best 
conductor of sound. To what cause it may be altn * 
butod, 1 leave to future enquiries: I have confined my¬ 
self to speak of facts only ns they appear. Stone 18 
rous, but gives a harsh disagreeable tone, unfavourable to 
music. Brick, in respect to sound, has nearly ,he 
properties as stone. Part of the garden wall of the lata 
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W. Pitt, esq. of Kingston in Dorsetshire, conveys a whis¬ 
per to the distance of near 200 feet. Wood is sonorous, 
conductive, and vibrative; of all materials it produces a 
tone the most agreeable and melodious ; and it is therefore 
the fittest for niusicul instruments, and for lining of rooms 


and theatres. 

The common notion that whispering at one end of a 
long piece of timber would be heard at the other end, 1 
found by experiment to be erroneous. A stick ot timber 
65 feet long being slightly struck at one end, a sound 
was heard at the other, and the tremor very perceptible: 
which is easily accounted for, when we consider the num¬ 
ber or length of the fibres that compose it, each of which 
may be compared to a string of catgut. 

for the Reflection, Refraction, fyc, of Sound; see Echo, 
and Phonics. 

Articulate So und. See Articulate. 

So vso, in Music, denotes a quality of the several 
agitations of the air, so as to make music or harmony.— 
Sound is the object of music; which is nothing but the 
art of applying sounds, under such circumstances of tone 
and time, as to raise agreeable sensations. The principal 
affection of sound, by which it becomes fitted to have this 
end, is that by which it is distinguished into acute and 
grave. This difference depends on the nature of the sono¬ 
rous body.; the particular figure and quantity of it; and 
even in some cases, on the part of the body where it is 
struck: and it is this that constitutes what are called dif¬ 
ferent tones. 

The cause of this difference appears to bo no other than 
the different velocities of the vibrations of the sounding 
body. Indeed the tone of a sound is found, by numerous 
experiments, to depend on the nature of those vibrations, 
whose differences we can conceive no otherwise than as 
having different velocities: and since it is proved that the 
small yibrations of the same chord are all performed in 
equal times, and that the tone of a sound, which continues 
for some time after the stroke, is the same from first to 


last, it follows, that the tone is necessarily connected with 
a certain quantity of time in making each vibration, or 
each wave; or that a certain number of vibrutions or 
■waves, made in a given time, constitute a certain and de¬ 
terminate tone. From this principle arc all the pheno¬ 
mena of tunc deduced. 

If the vibrations be isochronous, or performed in the 
same time, the sound is called musical, and is said to con¬ 
tinue at the same pitch; and it is also accounted acutcr, 
sharper,or higher than uny other sound, whose vibrations 
are slower, and therefore graver, flatter, or lower, than any 
other whose vibrations are quicker. See Uwiaox. 

From the same principle arise what arc called concords, 
&cc; which result from the frequent unions and coinci¬ 
dences of the vibrations of two sonorous bodies, and con¬ 
sequently of tire pulses or the waves of the air occasioned 
by them. On the contrary, the result of less frequent 
coincidences of those vibrations, is what is called dis¬ 
cord. / ' , 

Another considerable distinction of musical sounds, 
is that by which they are called long and short, owing to 
the continuation of the impulse of the efficient cause on 
the sonorous body for a longer or shorter time, as in the 
notes of a violin &c, which are made longer or shorter by 
strokes of different length or quickness. This continuity 
is properly a succession of several sounds, or the effect of 
several distinct strokcs r or repeated impulses, on the sono¬ 


rous body, so quick, chat wc judge it one continued 
sound, especially where it is continued in the same de¬ 
gree of strength; ami hence arises the doctrine oi mea¬ 
sure and time. 

Musical sounds are also divided into simple and com¬ 
pound ; and that in two different \vay». In the first, a 
bound is said to be compound, when a number oi succes- 
bive vibrations of the sonorous bod), and the air, come so 
fast upon the ear, that we judge them the same continued 
sound; like as in the phenomenon of the circle ot lire, 
caused by putting the lighted end ot a slick in a cpiick 
circular motion ; where supposing the end of the stick in 
any point of the circle, the idea we receive oi it there 
continues till the impression is renewed by a sudden re¬ 
turn. 

A Simple Sound then, with regard to this composition, 
should be the effect of a single vibration, or of as many 
vibrations as are necessary to raise in us the idea ot sound, 
In the second sense of composition, a simple sound is the 
product of one voice, or one instrument, &c. 

A Compound Sound consists of the* sounds of several 
distinct voices or instruments all united in the same indi¬ 
vidual time, and measure of duration, that is, all striking 
the air together, whatever their other differences may be. 
But in this sense again, there is a twofold composition; a 
natural and an artificial one. The natural composition is 
that proceeding from the manifold reflections ot the first 
sound from adjacent bodies, where the reflections are not 
so sudden as to occasion echoes, but are all in the same 
tune with the first note. 

The artificial composition, which alone comes under 
the musician's province, is that mixture of several sounds, 
which being made by art, the ingredient sounds are se¬ 
parable, and distinguishable from one another. In this 
sense the distinct sounds of several voices or instruments, 
or several notes of the same instrument, are called simple 
sounds, in contradistinction from the compound ones, 
which, in order to answer the end of music, the v simples 
must have such an agreement in all relations, chiefly as 
to acuteness and gravity, as that the ear may receive the 
mixture with pleasure. 

Another distinction of sounds, with regard to music, is 
thaf by which they arc said to be smooth or even, and 
rough or harsh, also clear and hoarse : the cause of which 
difference depends on the disposition and state of the so¬ 
norous body, or the circumstances of the place; but the 
ideas of the differences must besought from observation. 

Smooth and rough sounds depend chiefly on the sound* 
ing body ; of which wc have a remarkable instance in 
strings that are uneven, and not of the same dimension 
and constitution throughout. 

As to clear and hoarse sounds, they depend on cir¬ 
cumstances that arc accidental to the sonorous body. 
Thus, a voice or instrument will be hollow and hoarse 
if sounded within an empty hogshead, that yet is clear 
and bright out of it : the effect is owing to the mixture ot 
different sounds, raised by reflections, which corrupt and 
change the species of the primitive sounds 

For sounds to be fit'to obtain the end of music, they 
ought to be smooth and clear, especially the first; since, 
without this, they cannot have one certain and discerni¬ 
ble tone, capable of being compared to others, in a cer¬ 
tain relation of acuteness, which the car may judge of. 
So that, with Malcolm, we call that an harmonic or mu¬ 
sical sound which, being clear and even, is agreeable to 
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the car, and gives a certain and discernible tune (hence 
called (unable sound), which is the subject of the whole 
theory of harmony.—Wood has a particular vibrating 
quality, owing to its elasticity ; and all musical instru¬ 
ments made of this matter, are of a thickness propor¬ 
tioned to the superficies of the wood, and the tone they 
are to produce.—Metals are sonorous and vibrative, pro¬ 
ducing a harsh tone, very serviceable to some parts of 
music. Most wind instruments are made of metal, which 
is acted on in its elastic and tremulous quality, being ca¬ 
pable of being reduced very thin for that purpose. In¬ 
struments of this kind arc such as horns, trumpets, &c. 
Some instruments however depend more on the form than 
the material ; as flutes, for instance, which, if their 
lengths and bore be the same, have very little difference 
in their sounds, whatever the matter of them may be. 
See Haumonical. 

SOUNI)-Board, the principal part of an organ, and 
that which makes the whole machine play. This sound¬ 
board, or summer, is a reservoir into which the air, drawn 
in by the bellows, is conducted by a port-vent, and thence 
distributed into the pipes placed over the holes of its up¬ 
per part. This wind enters them by valves, which open 
by pressing upon the stops or keys, after drawing the re¬ 
gisters, which prevent the air from going into any .of the 
other pipes besides those it is required in. 

SouN D-board denotes also a thin broad board placed 
over the bead of a public speaker, to enlarge and extend 
or strengthen his voice. Sound-boards, in theatres, arc 
found by experience to be of no service; their distance 
from the speaker being too great, to be impressed with 
sufficient force. But sound-boards immediately over a 
pulpit have often a good effect, when the case is made of 
a just thickness, and according to certain principles. 

Sound-Poj/, is a post placed withinside of a violin, 
&c, as a prop between the back and the belly of the in¬ 
strument, and nearly under the bridge. 

SOUNDING, in Navigation, the act of trying the 
depth of the water, and the quality of the bottom, by a 
line and plummet, or other artifice. At sea, there are 
two plummpts used for this purpose, both shaped like the 
frustum of a cone or pyramid. One of these is called 
the hand-lead, weighing about 8 or 9lb; and the other 
the deep-sea-lead, weighing from 25 to 30lb. The former 
is used in shallow waters, and the latter at great di¬ 
stances from the shore. The line of the. hand-load, is about 
25 fathoms in length, and marked at every two or three 
fathoms, in this manner, viz, at 2 and 3 fathoms \from 
the lead there arc marks of black leather ; at 5 fathoms 
a white rag, at 7 a red rag, at 10 and at 13 black leather, 
at 15 a white rag, and at 17 a red one. 

Sounding with the hand-lead, which the seaman call 
heaving the lead, os generally performed by a man who 
stands in the main-chains to windward. Having the line 
all ready to run out, without interruption, he holds it nearly 
at the distance of a fathom from the plummet, and hav¬ 
ing swung the latter backwards and forwards three or four 
times, in order to acquire the greater velocity, he swings 
it round his head, and thence as far forward as is neces¬ 
sary; so that, by the lead's sinking whilst the ship ad¬ 
vances, the line may be almost perpendicular when it 
reaches the bottom. The person sounding then proclaims 
the depth of the water in a kind of song resembling the 
cries of hawkers in a city; thus, if the mark of 5 be 
close to the surface of the water, he calls, 1 by the mark 


5/ and as there is no mark at 4, 6, 8, &c, he estimates 
those numbers, and calls, 4 by the dip fours &c/ If lie 
judges it to be a quarter or a half more than any particu¬ 
lar number, he calls, 4 and a quarter 5/ 4 and a half 4' 
&c. If he conceives the depth .to be three quarters more 
than a particular number, lie calls it a quarter less than 
the next: thus, at 4 fathom he calls, 4 a quarter less 
5/ and so on. 

The deep-sea-lead line is marked.with 2 knots at 20 
fathom, 3 ut 30, 4 at 40, &c, to the end. It is also 
marked with a single knot at the middle of each,interval, 
as at 25, 35, 45 fathoms, &c. To use this lead more ef¬ 
fectually at sea, or in deep water on the sea-coast, it is 
usual previously to bring-to the ship, in order to retard 
her course: the lead is then thrown as far as possible 
from the ship on the line of her drift, so that, as it sinks, 
the ship drives more perpendicularly over it. The pilot 
feeling the lead strike the bottom, readily discovers the 
depth of the water by the mark on the line nearest its 
surface. The bottom of the lead, which is a little hol¬ 
lowed there for the purpose, being also well rubbed over 
with tallow, retains the distinguishing marks of the bot¬ 
tom, as shells, ooze, gravel, &c, which naturally adhere 
to it. 

The depth of the water, and the nature of the ground, 
which are called the soundings, are carefully marked in 
the log-book, as well to determine the distance of the 
place from the shore, as to correct the observations of for¬ 
mer pilots. Falconer. For a machine to measure un¬ 
fathomable depths of the sea, see Altitude. 

Sounding the pump , at sea, is done by letting fall a 
small line, with some weight at the end, down into the 
pump, to know what depth of water there is in it. 

SOUTH/ one of the four cardinal points of the wind, 
or compass, being that which is directly opposite to the 
north. 

South Direct Dials. See Primp. Verticals . 
SOUTHERN Hemisphere , Signs , $c, those in the south 
side of the equator. 

SOUTHING, in Navigation, the difference oflatitude 
made by a ship in sailing >to the southward. 

SPACE, denotes room, place, distance, capacity, ex¬ 
tension, duration, &c. When space is considered barely 
in length between any two bodies, it gives the same idea 
as that of distance. When it is considered in length, 
breadth, and thickness, it is properly culled capacity. 
And when considered between the extremities of matter, 
which fills the capacity of space with something solid, 
tangible, and moveable, it is then called extension. So 
that extension is an idea belonging to body only; but 
space may be considered without it. Therefore space, in 
the general signification, is the same thing with distance 
considered every way, whether there be any matter in it 
or not. 

• Space isusunlly divided into absolute and relative* 
Absolute Space is that which is considered in its own 
nature, without regard to any thing external, which al¬ 
ways remains the same, and is infinite and immoveable. 

Relative Space is that moveable dimension, or measure 
of the former, which our senses define by its positions to 
bodies within it; and this is the vulgar use for immoveable 
space. Relative space, in magnitude and figure, is always 
the same with absolute: but it is not necessary it should 
be so numerically. Thus, when a ship is perfectly at rest, 
then the places of all things within her are the 9ame both 
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absolutely and relatively, and nothing changes its place : 
but, or the contrary, when the ship is under sail, or in 
motion, she continually passes through new parts of abso¬ 
lute space; though all thiDgs on board, considered rela¬ 
tively, in respect to the ship, may yet be in the same 
places, or have the same situation and position, in regard 
to one another. 

The Cartesians, who make extension the essence of mat¬ 
ter, assert, that the space any body takes up, is the same 
thing with the body itself; and that there is no such thing 
in the universe as mere space, void of all matter ; thus 
making space or extension a substance. See this disproved 
under Vacuum. Among those too who admit a vacuum, 
and consequently an essential difference between space and 
matter, there are some who assert that space is a sub¬ 
stance. Among these we find Gravesande, lntrod. ad 
Philos, sect. 19* 

Others ugain put space in the same class of beings as 
time and number; thus making it to be no more than a 
notion of the mind. So that according to these authors, 
absolute space, of which the Newtonians speak, is a mere 
chimera. Sec the writings of the late bishop Berkeley. 
Space and time, according to Dr. Clarke, are attributes of 
the Deity; and the impossibility of annihilating these, 
even in idea, is the same with that of the necessary exist¬ 
ence of the Deity. 

Space, in'Geometry, denotes the area of any figure; 
or that which (ills the interval or distance between the 
lines that terminate or bound it. Thus, the parabolic 
space is that included in the whole parabola. The con- 
clioidal space, or the cissoidal space, is what is included 
within the cavity of the conchoid or cissoid. And the 
asymptotic space, is what is included between an hyper¬ 
bolic curve and its asymptote. By the application of al¬ 
gebra to geometry, it is demonstrated that the conchoidal 
and cissoidal spaces, though infinitely extended in length, 
arc yet only finite magnitudes or spaces. 

Space, in Mechanics, is the line a moveable body, con¬ 
sidered as a point, is conceived to describe by its motion. 

SPANDREL, or Spandiul, with 
builders, is the space included be¬ 
tween the curve of an arch and the 
straight or right lines which inclose it; 
as the space a, or b. 

SPEAKING Trumpet. See Speaking Trumpet. 

SPECIES, in Algebra, arc the letters, symbols, marks, 
or characters, which represent the quantities in any opera¬ 
tion or equation. This short and advantageous way of 
notation was chiefly introduced by Victa, about the year 
15.90; and by means of which he made many discoveries 
in algebra, and the theory of numbers. The reason why 
Victa gave this name of species to the letters of the alpha¬ 
bet used in algebra, and hence called Arithmctica Specio- 
sa, seems to have been in imitation of the civilians, who 
call cases in law that arc put abstractedly, between John 
a Nokes and Toro a Stiles, between a and n; supposing 
those letters to stand for any persons indefinitely. Such 
cases they call species : whence, as the letters of the al¬ 
phabet will also as well represent quantities, as persons, 
and that also indefinitely, one quantity as well as another, 
they are properly enough called species; that is, general 
symbols, marks, or characters. Whence the literal alge¬ 
bra has since been often called Specious Arithmetic, or 
Algebra in Species. , . . , 

Specip.s, in Optics, the image painted on the retina by 
Von. II. 



the rays of light reflected from the several points of the 
surface of an object, received in by the pupil, and col¬ 
lected in their passage through the crystalline, &c. Phi¬ 
losophers have been in great doubt, whether thcspecies of 
objects, which give the soul an occasion of seeing, are an 
effusion of the substance of the body ; or a mere impres¬ 
sion which they make on all ambient bodies, and which 
these all reflect, when in a proper disposition and distance; 
or lastly, whether they are not some other more subtile 
body, as light, which receives all these impressions from 
bodies, and is continually sent and returning from one to 
another, with the different impressions and figures it Las 
taken. But the moderns have decided this point by their 
invention of artificial eyes, in which the species of objects 
are received on a paper, in the same manner as they are 
rcceivcd in the natural eye. 

SPECIFIC, in Philosophy, that which is proper and pe¬ 
culiar to any thing; or that characterises it, and distin¬ 
guishes it from every other thing. Thus, the attracting of 
iron is specific to the loadstone, or is a specific property 
of it. A just definition should contain the specific no¬ 
tion of the thing defined, or that which specifies and dis¬ 
tinguishes it from every thing else. 

Specific Gravity, in Hydrostatics, is the relative pro¬ 
portion of the weight of bodies of the same bulk. See 
Specific Gravity. 

Specific Gravity of living men. Mr. John Robertson, 
late librarian to the Royal Society, in order to determine 
the specific gravity of men, prepared a cistern 78 inches 
long, 30 inches wide, 30 inches deep ; and having pro¬ 
cured 10 men for his purpose, the height of each was taken 
and his weight ; and afterwards they plunged successively 
into the cistern. A ruler or scale, graduated' to inches 
and decimal parts, was fixed to one end of the cistern, 
and the height of the water shown by it was noted before 
each man went in, and to what height it rose when he im¬ 
mersed himself under its surface. The following table con¬ 
tains the several results of his experiments r 


No. of 
Men. 

Height. 
Fc. In. ] 

Weight. 1 
lb>. 

Water 

raised 

Inches. 

Solidity. 

Feet. 

Weight 
of water. 
)hc« 

Specific 

1 

O' 

2 

l6l 

1-90 

2-573 

160-8 

l-opl 

2 

5 

10& 

147 

1-91 

2-5S0 

iOi-O 

0 901 

3 

5 

91 

150 

185 

2-505 

156-6 

0991 

4 

5 

6j 

140 

2-04 

2703 

172-0 

0801 

5 

5 

5g 

158 

2-08 

2S17 

1760 

0-900 

0 

5 


158 

2*17 

2939 

1837 

0 849 

7 

5 

Ay 

140 

201 

2-722 

1701 

0 823 

8 

5 

4j 

121 

1*79 

2-424 

151-5 

0 800 

9 

5 

3i 

140 

1-73 

2-343 

146-4 

0997 

10 

5 

H 

132 

1-85 

2-505 

156 0 

0 843 

■nrUiara 

of 

5 

«f 

140 

1-933 

2-618 

103 6 

0891 


One of the reasons, Mr. Robertson says, that induced 
him to muke these experiments, was a desire of knowing 
what quantity of timber would be sufficient to keep a roan 
afloat in water, thinking that most men were specifically 
heavier than river or common fresh water; but the con¬ 
trary appears from the trials ubovc recited; for, except 
the first, every man was lighter than an equal bulk of fresh 
water, and much more so than that of sca-watcr. So that 
if pereons who fall into water had presence of mind 
enough to avoid the fright usual on such occasions, they 
might be preserved from drowning ; and u piece of wood 
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not larger than an oar, would buoy a man partly above 
water as long as he had strength or spirits to keep his hold. 
Philos. Trans, vol. 50, art. 5.—From the last line of the 
table appears the medium of all the circumstances of 
height, weight, <S:c ; particularly the mean specific gra¬ 
vity, 0*831, which is about £ less than common water. 

SPECTACLES, an optical machine, consisting of two 
lenses set in a frame, and applied on the nose, to assist in 
correcting defects of the organ of sight.—Old people, and 
all presbytae, use spectacles of convex lenses, to make 
amends for the flatness of the eye, which does not make 
the rays converge enough to have them meet in the retina. 
Short-sighted people, or myopes, use concave lenses, to 
prevent the rays from converging so fast, on account of 
the greater roundness of the eye, or smallness of the sphere, 
which is such as to-make them meet before they reach the 
retina.—F. Chernbin, a capuchin, describes a kind of 
spectacle telescopes, for viewing remote objects with both 
eyes ; and hence called binoculi. Though F. Rheita had 
mentioned the same before him, in his Oculus Enoch ct 
Elire. Sec Binocle. The same author invented a kind 
of spectacles, with three or four glasses, which performed 
very well. 

The invention of spectacles has been much disputed. 
They were certainly not known to the ancients. Fian- 
cisco Redi, in a learned treatise on spectacles, contends 
that they were first invented between the years 1*280 and 
1311, probably about 1290; and adds, that Alexander de 
Spina, a monk of the order of Predicants of St. Catharine, 
at Pisa, first communicated the secret, which was of his 
own invention, on learning that another person had it as 
well as himself. The author tells us, that in an old ma¬ 
nuscript still preserved in his library, composed in 1239 , 
spectacles are mentioned as a thing invented about that 
time : and that a celebrated Jacobin, one Jourdon dc Ri- 
vaUo> in a treatise composed in 1305, says expressly, that 
if was not yet 20 years since the invention of spectacles. He 
likewise quotes Bernard Gordon in his Lilium Medicinal, 
written the same year, where he speaks of a collyrium, 
proper to enable an old man to read without spectacles. 

Musschenbroek observes, (Introd. vol. 2, pa. 786) that 
it is inscribed on the tomb of Salvinus Armatus, a noble¬ 
man of Florence, who died in 1317, that he was the in¬ 
ventor of spectacles. Qu Cange, however, carries the in¬ 
vention of spectacles further back ; assuring us, that there 
is a Greek poem in manuscript in the French king’s libra¬ 
ry, which shows that spectacles were in use in the year 
1150 ; however the dictionary of the Academy DellaCrus- 
ca, under the word Occhialo, inclines to Rcdi’s side; and 
quotes a passage from Jqurdon’s sermons, which says that 
spectacles had not been 20 years in use; and Salvati has 
observed that those sermons were composed between the 
years 1330 and 1336. 

it is probable that the first hint of the construction and 
uso of spectacles, was derived from the writings either of 
Albazcn, who lived in the 12th century, or of our own 
countryman Roger Bacon, who was born in 1214, and 
died in 1292,or 1294 . The following remarkable passage 
occurs in Bacon’s Opus Majus by Jcbb, pa. 352. Si vero 
homo aspiciat literas ct alias res minulas per medium 
crystalli, vcl vitri, vcl altcrius perspicui suppositi litcris, 
ut sit portio minor sphere, cujus convexitas sit versus 
oculum et oculus, sit in aero, longe melius videbil literas, 
ft apparebunt ci majores.—Et ideo hoc ipstruroentum est 
utile sonibus ct habentibus oculos debiles: nara literam 


quantumeunque parvam possunt vidcrc in sufficient*! mag- 
nitudinc. Hence, and from other passages in his writings, 
much to the same purpose, Molyncux, Plott, and others, 
have attributed to him the invention of reading-glasses. 
Dr. Smith indeed, observing that there are some mistakes 
in his reasoning on this subject, has disputed his claim. 
See Molyneux's Dioptr. pa. 256*. Smith’s Optics, Rem. 

86 — 89. Also the artielc Bacon, R. in this dictionary. 

SPECULATIVE Geometry , Mathematics, Music, and 
Philosophy. See the Substantives. 

SPECULUM, or Mirror, in Optics, any polished body, 
impervious to the rays of light: such as polished metals, 
and glasses lined with quicksilver, or any other opaque 
matter, popularly called Looking-glasses ; or even the 
surface of mercury or of water, &c. For the several 
kinds and forms of specula, plane, concave, and convex, 
with their theory and phenomena, see Mirror. And 
for their laws and effects, see Reflection and Burs- 
lxo-Glass. 

As for the specula of reflecting telescopes, it may here 
be observed, that the perfection of the metal of which 
they should be made, consists in its hardness, whiteness, 
and compactness; for upon these properties the reflective 
powers and durability ol* the specula depend. There are 
various compositions recommended for these specula, in 
Smith’s Optics, book 3, cb. 2, sect. 787; also by Mr. 
Mudge in the Philos. Trans, vol. 67 ; and in various other 
places, as by Mr. Edwards, in the Naut. Aim. for 1787, 
whose metal is the whitest and best of any that 1 have 
seen.—For the method of grinding, sec Grin ding. 

Mr. Hcarnc’s method of cleaning a .tarnished specu¬ 
lum was this : get a little of the strongest soap ley from 
the soap-makers, and having laid the speculum on a table 
with its face upwards, put on as much of the ley as it 
will hold, and let it remain about an hour: then rub it 
softly with a silk or muslin, till the Icy is all gone; then 
put on some spirit of wine, and rub it dry with another 
part of the silk or muslin. If the speculum will not per¬ 
form well after this, it must be new polished. A few 
faint spots of tarnish may be rubbed off with spirit of 
wine only, without the ley. Smith's Optics, Rem. p. 107. 

SPHERE, in Geometry, a solid body contained under 
one single uniform surface, every point of which is cquully 
distant from a certain point in the middle called its cen- 
trc. Tbo sphere may be supposed 
to be generated by the revolution t '*'N. 

of a semicircle abd about its dia- i - 

meter ab, wbicb is also called the / / A 

axis of the sphere, and the extreme — -f -— q -j® 

points of the axis, a and B, the \/ . 
poles of the sphere; also the mid- / 

die of the axis c is the centre, and 
half the axis, ac, the radius. 

Properties qf the Sphere, arc as follow.—1. A sphere 
may be considered as mode up of an infinite number of 
pyramids, whose common altitude is equal to the radius 
of the sphere, their bases forming the surface of the 
sphere. Therefore the solid content, of the sphere is 
equal to that of a pyramid whose altitude is the radius, 
and its base is equal to the surface of the sphere, that js, 
the sqlid content is equal to £ of the product of its rar 
dius and surface. ,, 

2. A sphere is equal to i of its circumscribing cylin¬ 
der, or of the cylinder of tbc same height And diameter, 
and therefore equal: to the cube o.f the diameter mulls- 


i 
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plied by -5236, or f of -7854-; or equal to double a cone 
of the same base and height. Hence also different spheres 
are to one another as the cubes of their diameters. And 
their surfaces as the squares of the same diameters. 

3. The surface or superficies of any sphere, is equal to 
4 times the area of its great circle, or of a circle of the 
same diameter as the sphere. Or, 

4. The surface of the whole sphere is equal to the area 
of a circle whose radius is equal to the diameter of the 
sphere. And, in like manner, the curve surface of any 
segment edf, whether greater or less than a hemisphere, 
is equal to a circle whose radius is the chord line de, 
drawn from the vertex d of the segment to the circum¬ 
ference of its base, or the chord of half its arc. 

5. The curve surface of any segment or zone of a 
sphere, is also equal to the curve surface of a cylinder of 
the same height with that portion, and of the same dia¬ 
meter with the sphere. Also the surface of the whole 
sphere, or <Sf a hemisphere, is equal to the curve surtace 
of its circumscribing cylinder. And the curve surfaces 
of their corresponding parts are equal, that are contained 
between any two planes parallel to the base. And conse¬ 
quently the surface of any segment or zone of a sphere, 
is as its height or altitude. 

Most of these properties arc contained in Archimedes's 
treatise on the sphere and cylinder. And many other 
rules for the surfaces and solidities oi spheres, their seg¬ 
ments, zones, frustums, &c, may be seen in my Mensu¬ 
ration, part 3, sect. 1, prob. 10, &c. Hence, if d denote 
the diameter or axis of a sphere, s its curve surface, c 
its solid content, and a = *7854 the area of a circle 
whose diameter is 1 ; then we shall, from the foregoing 
properties, have these following general values or equa¬ 
tions, viz, 

s = 4 ad 1 = -^- = 6l/^ac x . 

<i 




Doctrine of the Sphere. Sec Spherics. 

Projection of the Sphere. See Project ion. 

Sphere of Activity , of any body, is that determinate 
space or extent all around it, to which, and no farther, 
the effluvia or the virtue of that body reaches, and in 
which it operates according to the nature of the body. 
Sec Activity. 

Sphere, in Astronomy, that concave orb or expanse 
which invests our globe, and in which flic heavenly bodies, 
the sun, inoon, stars, planets, and comets, appear to be 
fixed at an equal distance from the eye. This is also 
called the sphere of the world; and it is the subject of 
spherical astronomy. 

This sphere, as it includes the fixed stars, whence it is 
sometimes called the sphere of the fixed stars, is immense¬ 
ly great. So much s6, that the diameter of tho earth's or¬ 
bit is incomparably small in respect of it; and conse¬ 
quently the centre of the sphere is not sensibly changed 
by any alteration of the spectator's place in the several 
parts of the orbit: but still in all points of the earth's 
surface, and at all times, the inhabitants have the same 
appearance of the sphere; that is, the fixed stars seem to 
possess the same points in the Surface of the sphere. For, 
our way of judging of the places &c of the stars, is to 
conceive right lines drawn from the eye, or from the cen 


tre of the earth, through the centres of the stars, and 
thence continued till they cut the sphere; and the points 
where these lines so meet, arc the apparent places ot 
those stars. The better to determine the places of the 
heavenly bodies in the sphere, several circles arc con¬ 
ceived to be drawn in the surface of it, which arjc called 
circles of the sphere. 

Sphere, in Geography, &c, denotes a certain disposi¬ 
tion of the circles on the surface of the earth, with regard 
to one another, which varies in the different parts of it. 
The circles originally conceived on the surface of the 
sphere of the world, are almost all transferred, by ana¬ 
logy, to the surface of the earth, where they arc conceived 
to be drawn directly underneath those of the sphere, or 
in the same positions with them; so that, if the planes of 
those of the earth were continued to the sphere of the 
stars, they would coincide with the respective circles on 
it. Thus, we have an horizon, meridian, equator, &C, on 
the earth. And os the equinoctial, or equator, in the 
heavens, divides the sphere, into two equal parts, the one 
north and the other south, so docs the equator on the sur¬ 
face of the earth divide its globe in the same manner. 
And as the meridians in the heavens pass through the 
poles of the equinoctial, so do those on the earth, &C. 
With regard then to the position of some of these circles 
in respect of others, we have a right, an oblique, and a 
parallel sphere. 

A Right or Direct Sphere, (fig. 4, plate 32), is that 
which has the poles of the world ps in its horizon, and 
the equator eq in the zenith and nadir. The inhabitants 
of this sphere live exactly at the equator of the earth, or 
under the line. They have therefore no latitude, nor no 
elevation of the pole. They can see both poles of the 
world ; all the stars rise, culminate, and set to them ; and 
the sun always rises at right angles to their horizon, mak¬ 
ing their days and nights of equal length at all times of 
the year, because the horizon bisects the circle of the 
diurnal revolution. 

An Oblique Sphere, (fig. 5, plate 32), is that in which 
the equator eq, os also the axis ps, cuts the horizon no 
obliquely. In this sphere, one pole p is above the hori¬ 
zon, and the other below it; and therefore the inhabi¬ 
tants of it see always the former pole, but never the lat¬ 
ter; the sun and stars &c all rise and set obliquely; and 
the days and nights arc always varying, becoming alter¬ 
nately longer and shorter. 

A Parallel Sphere, (fig. 6, plate 32),is that which has 
the equator in or parallel to the horizon, as well as all tho 
sun’s parallels of declination. Hence, the poles arc in 
the zenith and nadir; the sun and stars move always quite 
around parallel to the horizon, the inhabitants, if any, 
being just at the two poles, having 6 months continual 
day, and 6 months night, in each year ; and the greatest 
height to which the sun rises to them, is 23° 28', or equal* 
to his greatest declination. 

Artnillary or Artificial Sphere, is an astronomical in¬ 
strument, representing the several circles of the sphere in * 
their natural order ; serving to give an idea of the office 
and position of each of theiri, and to resolve various pro¬ 
blems relating to astronomy. It is thus called, as con¬ 
sisting of a n\imber of rings of brass, ot* other matter, 
called by tho Latins armilla , from their resembling 
bracelets or rings for the arm. By this, it is distinguish- , 
ed from the globe, which, though it has all the circles 
of the sphere on its surface, yet is not cut into armillx 
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oi rings, tu represent the circles simply and alone; but plane triangles. They are also said to be quadrantaf, 
exhibits also the intermediate spaces between the circles. when they have one side a quadrants Two sides or two 
Armillary spheres are of different kinds, with regard 


to the position of the earth in them ; whence they be¬ 
come distinguished intoPtolemaic andCopcrnican spheres: 
in the iirst of which, the earth is in the centre, and in the 
latter near the circumference, according to the position 
which that planet obtains in those systems. 

The Ptolemaic Sphere, is that commonly in use, and 
is represented in tig. (i, plate 2, vol. 1, with the names of 
the Several circles, lines, &c of the sphere inscribed upon 
it. nn the in iddlc, on the axis of the sphere, is a ball t, 
representing the earth, on the surface of which are the 
circles &c of the earth. The sphere is made to revolve 
abopt the said axis, which remains at rest ; by which 
mfans the sun’s diurnal and annual courses about the 
twth arc represented according to the Ptolemaic hypo¬ 
thesis : and even by means of this, all problems relating 
to the phenomena of the sun and earth are resolved, as 
upon the celestial globe, and after the same manner; 
which sec described under Globe. 

Copcrnican Sphere, tig. 7, plate 32, is very different from 
the Ptolemaic, both in its constitution and use; and is 
more intricate in both. Indeed the instrument is in the 
hands of so few people, and its use so inconsiderable, 
except what we have in the other more common instru¬ 
ments, particularly the globe and the Ptolemaic sphere, 
that any further account of it is unnecessary. 

Dr. Long had an armillary sphere of glass, of a very 
large size, which is described and represented in his as¬ 
tronomy. And Mr.Ferguson constructed a similar one 
of brass, which is exhibited in his Lectures, p. 194 &c. 

SPHERICAL, something relating to the sphere. 

Spherical Angle, is the angle formed on the surface 
of a sphere or globe by the circumferences of two great 
circles. This angle, formed by the 
circumferences, is equal to that 
formed by the planes of the same 
circles, or equal to the inclination 
of those two planes; or equal to 
the angle made by their tangents at 
the angular point. Thus, the in¬ 
clination of the two planes cap, 
cef, forms the spherical angle ace, equal to the tangen¬ 
tial angle tcq. 

The measure of a spherical angle, ace, is an arc of a 
great circle ae, described from the vertex c, as from a 
pole, and intercepted between the legsCA and cb. Hence, 
1st, Since the inclination of the plane cep to the plane 
cap, is every where the same, the angles in the opposite 
intersections, c and f, are equal.—2d, Hence the inca-, 
sure of a spherical angle ace, is an arc described at the 
interval of a quadrant ca or ce, from the vertex c be¬ 
tween the legs ca, ce.— -3d, If a circle of the sphere 
CEFOcut another aedo, the adjacent angles aec and dec 
arc together equal to two right angles; and the vertical 
angles aec, bef arc equal to one another. Also all the 
angles formed at the same point, on the same side of a 
circle, arc equal to 2 right angles, and all those quite 
around any point equal to 4 right angles. 

Spherical Triangle , is a triangle formed on the sur¬ 
face of a sphere, by the intersecting arcs of three great 
circles; as the triangle ace. 

Spherical triangles arc cither right-angled, oblique, 
equilateral, isosceles, or scalene, in the same manner ns 


angles are said to be of the same affection, when they are 
at the same time either both greater, or both less than a 
quadrant or a right angle or 90 ° ; and of different affec¬ 
tions, when one is greater and the other less than 90 
degrees. 

Properties of Spherical Triangles — 1 . Spherical tri¬ 
angles have many properties in common with plane ones: 
such as, That, in a triangle, equal sides subtend equal 
angles, and equal angles arc subtended by equal sides : 
That the greater angles are subtended by the greater sides, 
and the less angles by the less sides. 

2. In every spherical triangle, each side is less than a 
semicircle: any two sides taken together are greater than 
the third side: and all the three sides taken together are 
less than the whole circumference of a circle. 

3. In every spherical triangle, any angle is less than 2 
right angles ; and the sum of all the three angles taken to¬ 
gether, is greater than 2, but less than 6, right angles. 

4. In an oblique spherical triangle, if the angles at 
the base be of the same affection, the perpendicular from 
the other angle falls within the triangle; but if they be 
of different affections, the perpendicular falls without tho 
triangle. 

Dr. Maskelyne’s remarks on the properties of spherical 
triangles, arc as follow : (Sec the Introd. to my Logs. pa. 
171, 5th edition.) 

6. 44 A spherical triangle is equilateral, isoscclar, or 
scalene, according as it has its three angles all equal, or 
two of them equal, or all three unequal^ and vice versa. 

6. The greatest side is always opposite the greatest angle, 
and the smallest side oppositcjhe smallest angle. 

7* The sum of any two sides is greater, and their dif¬ 
ference less, than tho third side. 

8. If the three angles are all acute, or all right, or 
all obtuse; the three sides will be, accordingly, all less 
than 90 °, or equal to 90 °, or greater than 90 °; and 
vice versa. 

9. If from the three angles a, n, c, of n triangle a DC, 
as poles, there be described, on the surface of the sphere, 
three arches of a great circle pe, of, fe, forming by 
their intersections a new spherical triangle def; each 
side of the new triangle will be the supplement of the 
angle at its pole; and each angle of the same triangle, will 
ho the supplement of the side opposite to it in the tri¬ 
angle ABC. 



10. In any triangle onr, or gAi, right angled at G/lst, 
The angles at the bypothenuse arc always of the same kind 
as their opposite sides ; 2dty, The hypothenuso is less or 
greater than a quadrant, according as the sides including 
the right angle, arc of the same or different kinds; that 
is to say, according as these same sides are cither both 
acute, or both obtuse, or as one is acute and the other 
obtuse. And, vice versa, 1st, The sides including the 
right angle, are always of the same kind as their opposite 
angles; 2dly, The sides including the right angle will be 
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of the same or different kinds, according as the hypotho- 
iiiisc is less or greater than 9 ^° ; hut one at least of them 
will be of 90 °, if the hypothenusc is so." 

Of (he Area of a Spherical Triangle. The mensura¬ 
tion of spherical triangles and polygons was first lound 
out by Albert Girard, about the year \(j00, and is given 
at large in his Invention Nouvclle on lAlgebre, pa. 50, 
Uc; 4 to, Amst. 1629 . In any spherical triangle, the 
area or surface inclosed by its three sides upon the sur¬ 
face of the globe, will be found by this proportion : 

As 8 right angles or 720% 

Is to the whole surface of the sphere ; 

Or, as 2 right angles or 180 °, 

To one great circle of the sphere ; 

So is the excess of the 3 angles above 2 right angles, 
To the area of the spherical triangle. 

Hence, if a denote ’7854, 

d = diam. of the globe, and 
5 = sum of the 3 angles of |he triangle; 
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That is, 
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ISO 


= area of the spherical triangle. 


then add 

Hence also, if r denote the radius of the sphere, and c 
its circumference; then the area of the triangle will be 
thus variously expressed ; y5z, area = 

,, 5—180 . S — 180 

ad' x 


= cd 


S — 180 


= CT X 


180 

or barely = r 


putting n = 

d = 
a = 


SPH 

the number of angles, 
sum of all the angles, 
diam. of the sphere, 

•78539 &C ; 


Then a = orf* x 


— (n — 3 ) 1*0 
iso 


= the area of the sphe¬ 


7 jo 360 

X (5— 180 °), ill square degrees, 
when the radius r is estimated in degrees; for then the 
circumference c is = 360°. 

Further, because the radius r, of any circle, when es- 

1 R 0 0 m m* 

timated in degrees, is, = . ,. I4I>9 “ = 57*2957795, 

the last rule r x (j— 180), for the area A of the spherical 
triangle, in square degrees, will be barely 
A = 57-2957795*— 10313*24, or 
A — 57t*sV “ 10313 J very nearly. 

Hence may be found the sums of the three angles in 
any spherical triangle, having its area A known; for the 
last equation gives the sum 

% — —4- 180 = - 4 — -+- 180 = ^ ■+■ ISO. 

— r 57-29 &C. 9683 

So that, for a triangle on the surface of the earth, whose 
three sides are known ; if it be but small, as of a few 
miles extent, its area may be found from the known 
lengths of its sides, considering it as a plane triangle, which 
gives the value of the quantity a ; and then the last rule 
above will give the value of *, the sum of the three angles ; 
which will*serve to prove whether those angles are nearly 
exact, that havobeen taken with a very nice instrument, 
as in large and extensive measurements on the surface of 
ihc earth. Hence a -r* 57‘Q9 &cc is the spherical excess. 

Resolution of Spherical Triangles. SccTriangle, 
and Trigonometry. 

Spherical' Polygon, is a figure of more than three 
sides, formed on the surface of a globe by the intersecting 
arcs of great circles. 

The area of any spherical polygon will be found by the 
following proportion ; • viz. 

As 8 right angles or 720°, 

To the whole surface of the sphere ; 

Or, as 2 right angles or 180°, 

To a great circle of the sphere; 

So is the excess of all the angles above the product of 
180 and 2 less than the number of angles, 

To the area of the spherical polygon. 


rical polygon.—Hence other rules might be found, similar 
to those for the area of the spherical triangle, lienee 
also, the sum s of all the angles of any spherical polygon, 
is always less than 180 n, but greater than 180(n — 2), 
that is less than n times 2 right angles, but greater than 
n — 2 times 2 right angles. 

Spherical Astronomy, that part of astronomy which 
considers the universe such as it appears to the eye. See 
Astronomy. Under spherical astronomy are included 
all the phenomena and appearances of the heavens and 
heavenly bodies, such as we perceive them, without any 
inquiry into the reason, the theory, or truth of them. 
By which it is distinguished from thcorical astronomy, 
which considers the real structure of the universe, and 
the causes of those phenomena. In spherical astronomy, 
the world is conceived to be a concave spherical surface, 
in whose centre is the earth, or rather the eye, about 
which the visible frame revolves, with stars and planets 
fixed in its circumference. And on this supposition all 
the other phenomena arc determined. Theorical astro¬ 
nomy teaches us, from the laws of optics, &c, to correct 
this scheme and reduce the whole to a juster system. 

Spherical Compasses. See Com passes. 

Spheric a l Excess. See Excess. 

Spherical Geometry, the doctrine of the sphere; 
particularly of the circles described on its surface, with 
the method of projecting the same on a plane ; and mea¬ 
suring their arches and angles when projected. 

Spherical Numbers. Sec Circular Numbers. 

Spherical Trigonometry. See Trigonometry. 

SPHERICITY,"the quality of a sphere; or that by. 
which a thing bccoqjos spherical or round. 

SPHERICS, the doctrine of the sphere, particularly 
of the several circles described on its surfuce; with the 
method of projecting the same on a plane. Sec Projec¬ 
tion of the Sphere. 

A circle of the sphere is that which is made by a plane 
cutting it. If the plane pass through the centre, it is a 
great circle: if not, it is a small circle. The pole of u 
circle, is a point on the surface of the sphere equidistant 
from every point of the circumference of the circle. 
Iicncc every circle has two poles, which arc diametrically 
opposite to each other ; and all circles that are parallel 
to each other have the same poles. 

Properties of the Circles of the Sphere. —1. If a sphere 
be cut in any manner by a plane, the section will be a 
circle ; and n great circle when the section passes through 
the centre, otherwise it is a small circle. Hence, all great 
circles arc equal to each other : and the line of section of 
two great circles of the sphere, is a diameter of the sphere : 
therefore two great circles intersect each other in points 
diametrically opposite ; and make equal angles at those 
points ; and divide each other into two equal parts ; also 
uny great circle divides the whole sphere into two equal 
parts. 

2. If a great circle be perpendicular to any other circle, 
it passes through its poles. And if a great circle pass 
through the pole of any other circle, it cuts it at right 
angles, and into two equal parts. 
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3. The distance between the poles of two circles, is 
equal to the angle of their inclination. 

4. Two great circles passing through the poles of ano¬ 
ther great circle, cut all the parallels to this latter into 
similar arcs. Hence, an angle made by two great circles 
of the sphere, is equal to the angle of inclination of the 
planes ol these great circles. And hence also the lengths 
ot those parallels are to one another as the sines of their 
distances from their common pole, or as the cosines of 
their distances from their parallel great circle. Conse¬ 
quently, as radius is to the cosine of the latitude of any 
point on the globe, so is the length of a degree at the 
equator, to the length of a degree in that latitude. 

5. If a great circle pass through the poles of another ; 
this latter also passes through the poles of the former; and 
the two circles cut each other perpendicularly. 

6 . If two or more great circles intersect each other in 
the poles of another great circle; this latter wiil pass 
through the poles of all the former. 

-7 • All circles of the sphere that arc equally distant 
from the centre, arc equal; and the further they arc di¬ 
stant from the centre, the less they are. 

8 . The shortest distance on the surface of a sphere, be¬ 
tween any two points on that surface, is the arc of a great 
circle passing through those points. And the smaller the 
circle is that passes through the same points, the longer is 
the arc of distance between them. Hence the proper trea¬ 
sure, or distance, of two places on the surface of the globe, 
is an arc of a great circle intercepted between the same. 
Sec Theodosius and other writers on spherics. 

SPHEROID, a solid body approaching to the figure of 
a sphere, though not exactly round, but having one of its 
diameters longer than the other. This solid is usually 
considered as generated by the rotation of an oval plane 
figure about one of its axis. If that be the longer or trans¬ 
verse axis, the solid so generated is called an oblong sphe¬ 
roid, and sometimes prolate, which resembles an egg, or 
a lemon ; but if the oval revolve abput its shorter axis, 
the solid will be an oblate spheroid, which resembles an 
orange, which is the figure of the earth, and the other pla¬ 
nets. 




The axis about which the oval revolves, is called the 
fixed axis, as a a ; and the other CD is the revolving axis: 
whichever of them happens to be the longer. 

When the revolving oval is a perfect ellipse, the solid 
generated by the revolution is properly called an ellipsoid, 
distinguished from the spheroid, which is generated 
from the revolution of any oval whatever, whether it be an 
ellipse or not. But generally speaking, in the common 
acceptation of the word, the term spheroid is used for an 
ellipsoid; and therefore, in what follows, they arc con¬ 
sidered as one and the same thing. 

Any section of a spheroid, by a plane, is an ellipse (ex¬ 
cept the sections perpendicular to the fixed axe, which 
arc circles) ; andall parallel sections arc similar ellipses. 


or have their transverse and conjugate axes in the same 
constant ratio ; and the sections parallel to the fixed axe 
are similar to the ellipse from which the solid was gene¬ 
rated. See my Tracts, vol. 2, pa. 134. 

For the Surface of a Spheroid , whether it be oblong or 
oblate. Let/denote the fixed axe, r the revolving axe; 

and a = ’7854, and q = ’ t * ,cn wil * l ^ c surfaces 


be expressed by the following scries, using the upper signs 
for the oblong spheroid, and the under signs for the oblate 


one ; viz, 


s = \arf x (1 if 



9 '* 


q> &c) ; 


I 


2 . 4.5 - ' 2 . 4 . 6.7 

where the signs of the terms, after the/rst, are all nega¬ 
tive for the oblong spheroid, but alternately positive and 
negative for the oblate one. Hence, because the factor 
4arf is equal to 4 times the area of the generating ellipse, 
it appears that the surface of the oblong spheroid is less 
than 4 times the generating ellipse, but the surface of the 
oblate spheroid i$ greater than 4 times the same : while 
the surface of the sphere falls in between the two, being 
just equal to 4 tiroes its generating circle. 

Huygens, in his Horolog. Oscillat. prop. 9, lias given 
two elegant constructions for describing a circle equal to 
the superficies of an oblong and an oblate spheroid, which 
he says he discovered towards the latter end of the year 
1657- As he gave no demonstrations of these, I have de¬ 
monstrated them, and also rendered them more general, 
by extending and adapting them to the surface of any seg¬ 
ment or zone of the spheroid. See my Mensuration, 
pa. 22 6 &c, 4th ed. where also are several other rulci and 
constructions for the surfaces of spheroids, besides those of 
their segments, and frustums. 

Of the Solidity of a Spheroid . Every spheroid, Whether „ 
oblong or oblate, is, like the sphere, exactly equal to two- 
thirds of its circumscribing cylinder. So that, if/denotc 
the fixed axe, r the revolving axe, and a = *7854; then 
\<(fr* denotes the solid content of either spheroid. Or, 
which comes to the same thing, if / denote the transverse, 
and c the conjugate axe of the generating ellipse ; 

then \ac*t is the content of the oblong spheroid, 

and -j act 1 is the content of the oblate spheroid. 
Consequently, the ratio of the former solid to the latter, is 
as c to /, or as the less axis to the greater. 

Further, if about ibe two axes of an ellipse, there be ge¬ 
nerated two spheres and two spheroids, the four solids will 
be continued proportionals, and the common ratio will be 
that of the two axes of the ellipse ; that is, as the'greater 
sphere, or the sphere upon the greater axe, is to the oblate 
spheroid, so is the oblate spheroid to the oblong spheroid, • 
and so is the oblong spheroid to the less sphere, and so is 
the transverse axis to the conjugate. Sec my Mensura¬ 
tion, pa. 248 &c, 4th ed. where may be seen many other 
rules for the solid contents of spheroids, and their va¬ 
rious parts. Sec also Archimedes on spheroids and co¬ 
noids. 

Dr. Halley has demonstrated, that in a sphere, Merca¬ 
tor’s nautical meridian line is a scale of logarithmic tan¬ 
gents of the- half complements of the latitudes. But as it 
has been found that the shape of the earth is spheroidal, 
this figure will make some alteration in tho numbers re¬ 
sulting from Dr. Halley’s theorem. Maclaufin has there¬ 
fore given a rule, by which the meridional parts to any 
spheroid may be found with the same, exactness as in s 
sphere. There is also an ingenious tract by Mr. Murdoch 
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on the same subject. Sec Philos.Trans. No. 2Ip. Mr. 
Cotes has also demonstrated the same proposition, Harm. 
Mens. pa.20, 21. See Meridional Far«. 

Universal Spheroid, a name given to the solid gene¬ 
rated by the rotation of an ellipse about some other dia¬ 
meter, which is neither the transverse nor conjugate axis. 
This produces a figure resembling a heart. See my Men¬ 
suration, pa. 266, 4th ed. 

SPINDLE, in Geometry, a solid body generated by the 
revolution of some curve line about its base or double or¬ 
dinate ab; in opposition to a co¬ 
noid, which is generated by .the ro¬ 
tation of the curve about its axis 
or absciss, perpcndiculur to its ordinate. The spindle is 
denominated circular, elliptic, hyperbolic, or parabolic, 
Sec, according to the figure of its generating curve. Sec 
my Mensur. in several places. 

Spindle, in Mechanics, sometimes denotes the axis of 
a wheel, or roller, 6c c ; and its ends arc the pivots. 

Sec also Double Cone. 

SPIRAL, in Geometry, a curve line of the circular 
kind, which, in its progress,* rcc 9 des always more and 
more from a point within, called its centre ; or beginning 
its motion at a distance from the centre ; it approaches 
nearer and nearer to that point. A spiral may be sup¬ 
posed to be thus generated. 

Divide the circumference of a circle a pp Sec into any 
number of equal parts, by a continual bisection at the 
points pp Ik c. Divide also the radius ac into the same num¬ 
ber of equal parts, and make cm, cm, cm, Se c, equal to 1, 
2, 3, &c of these equal parts; then a line drawn, with a 
steady hand, through all the points m, ui, m, &c, will trace 
out the spiral. This is more particularly called the first 
spiral, when it has made one complete revolution to the 
point a ; and the space included between the spiral and 
the radius CA,is the spiral space. The first spiral may be 
continued to a second, by describing another circle with 
double the radius of the first; and the second may be 
continued to a third, by a third circle; and so on. 


lienee it follows, that the parts of the circumference 
Ap, arc as the parts of the radii cm ; or a p is to the whole 
circumference, as cm is to the whole radius. Consequent¬ 
ly, if c denote the circumference, r the radius, x = cm, 
and y = Ap ; then there arises this proportion nc:ix:y, 
which gives ry = cx for the equation of this spiml; and 
which therefore it has in common with the quadratrix of 
Dinostratcs, and that of Tschirnhausen; so that r l y" = 
c * x m w jJi serve for infinite spirals and quadratrices. 

The first treatise on the spiral was by Archimedes, who 
thus gives the description of it, by a continued uniform 
motion. Ifa right line, as ab < [latlfig . above) having one 
end moveable about a fixed point at B, be uniformly turned 
round, so as the other end a may describe the circumfer¬ 
ence of a circle; and at the same time a point be con¬ 


ceived to move uniformly forward from n towards a, in 
the right line or radius ab, so that the point may describe 
that line, while the line generates the circle ; then will the 
point, with the double motion, describe the curve n, I, 2, 
3, 4, 5, Sec, of the same spiral as before. 

Again, if the point b be conceived to move only half as 
fast as the line ab revolves, so that it shall get but halfway 
along EA.Avhen that line shall have formed the circle; and 
if then you imagine a new revolution to be made of the. 
line carrying the point, so that they shall end their motion 
at last together, there will be formed a double spiral line, 
as in the last figure. From the manner of this description 
may easily be drawn these corollaries : 

1. That the lines BI2, b1 1, b 10, £tc, making equal an¬ 
gles with the first and second spiral (as also ul2, ElO, 
ijS), &C, are in arithmetical progression. 

2. The lines n7, r. 10, See, drawn any how to the first 
spiral, are to one another as the arcs of the circle inter¬ 
cepted between ba and those lines; because whatever 
parts of the circumference the point a describes, as sup¬ 
pose 7, the point b will also have run over 7 parts of the 
line ab. 

3. Any lines drawn from b to the second spiral, as 
BlS, b22, 6ic, are to each other as the aforesaid arcs, to¬ 
gether with the whole circumference added on both sides : 
for at the same time that the point a runs over 12, or the 
whole circumference, or perhaps 7 parts more, shall the 
point u have run over 12, and 7 parts of the line ab, 
which is now supposed to be divided into 24 equal parts; 

4. The first spirul space is equal to i the first or cir¬ 
cumscribing circle. That is, the area cab de of the spiral, 
is equal to | part of the circle described with the radius 
ce. In like manner, the whole spiral area, generated by 
the ray draw n from the point c to the curve, when it makes 
two revolutions, is of the circle described with the 
radius 2c e. 


"P 



And, generally, the whole area generated by the ruy 
from the beginning of the motion, till after any number n 
of revolutions, is equal to ^ of the circle whose radius is 
n x cc, that is equal to the 3d part of the space which 
is the same multiple of the circle described with the greatest 
ray, as the number of revolutions is of unity. 

In like manner also, any sector or portion of the area 
of the spiral, terminated by the curve cota and the right 
line ca, is equal to -J pi the circular sector cag termi¬ 
nated by the right lines ca and co, this latter being the 
situation of the revolving ray when the point that describes 
the curve sets out from c. See Maclaurin’s Flux, lntrod. 
pa. 30, 31; also Quaduatdhb of the Spiral of Archi¬ 
medes ; and Emerson’s neat tract on spirals, added to his 
Conic Sections. 

A brief synopsis of the first treatise on spirals, by Ar¬ 
chimedes, is as follows:—Propositions l and 2 art of the 
nature of lemmas, and arc employed to demonstrate the 
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ratios of lines (hat are described by the equable motion of 
points.— Props. 3, 4, 5, 6, 7, 8, 9 demonstrate the possi¬ 
bility ol taking, in a circle, chords, tangents, secants, &c, 
as well ascertain parts of them, in a given ratio.— Prop. 10 
shows that, in a series of quantities proceeding from 0, 
and equally exceeding one another, (viz, a continued arith¬ 
metical series,) thesum of the rectangles of the least term 
drawn into all the terms, together with ns many times the 
square ol the greatest term as is denoted by one more than 
the number of the terms, is equal to 3 times the sum of 
the squares of all the terms: that is, 
n \ a -t- b ■+- c -+- d -+- &c, to z) -*-(/!-+- 1)i 7 = 
3(« 2 ■+■ b l ■+■ c J d 2 ■+■ Acc, . . . . z 1 ) ; 

where a, b, c, Ace, arc the terms of series whose common 
difference is a, the greatest term c, and number of terms n. 

Prop. 11 is also employed about the squares of the terms 
of such a progression. 

Having delivered these preparatory propositions, the 
author comes to the definitions of the helix or spiral, and 
ol the several parts, lines, and circles attending it; in par¬ 
ticular, his helix is the curve described by a point moving 
uniformly through a right line revolving equably about the 
end from which the point sets out.—The next 0’ props, arc 
employed about the proportions of the several parts and 
radii, &c, of the helix, till, in the 18th prop, it is shown 
that the circumference of the first circle, is equal to a 
line drawn from the centre perpendicular to the radius, 
and bounded by a tangent to the spiral at the extremity 
of the said radius. 

Prop. 19 shows that such a perpendicular, as above, 
from the centre to the end of the 2d, 3d, 4th, &c spiral, 
and bounded by the tangent at the same point, is equal to 
double, triple, quadruple, &c, of the circumference of 
the circle described through the same tangent point.— 
Prop. 20, in like manner shows that such a perpendicular 
to a radius at any point, not at the end of the spiral, is 
as multiplex less by one of the circumference, together 
with as much more as is contained between that point and 
the beginning. So that here we have the rectification 
of the circular arc by means of the construction of the 
spiral. 

Props. 21, 22, 23, are employed in showing that figures 
may be described in, ond about spirals, that shall differ 
from them by less than any assignable quantity.—-And 
then prop. 24 shows that the 1st spiral space is equal to ■}■ 
of the 1st, or its circumscribing circle. And prop. 25 
shows the ratio of the 2d, 3d, 4th, &c spiral space, to the 
2d, 3d, 4th, &c circle. 

Then the remaining three props, show the ratios of dif¬ 
ferent parts of spirals to their corresponding sectors of the 
circles. After which is added a theorem showing the pro¬ 
portions of different sectors of a spiral, viz, that they are 
as the cubes of their respective radii. To which is sub¬ 
joined a problem, to cut an angle, or a circular arc, in 
any ratio, by means of.the spiral. 

Srin a i,, Logistic, or Logarithmic. Sec Logistic, and 
Quadrature. 

Spiral of Pappus, a spiral formed on the surface of a 
sphere, by a motion similur to that by which the Spiral 
of Archimedes is described on a plane. This spiral is so 
called from its inventor Pappus. Collect. Mathom. lib. 4 
prop. 30. Thus, if c he the centre of the sphere, arba 
a great circle, p its polo; and while tho quadrant pma 
revolves about the pole p with an uniform motion, if a 
point proceeding from r move with a given velocity along 
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the quadrant, it will trace upon the spherical surface the 
spiral pzfo. • 

Now if we suppose the quadrant pma to make acorn- 
plctc revolution in the same time that the point, which 
traces the spiral on the surface of the sphere, describes the 
quadrant, which is the case considered by Pappus; then 
the portion of the spherical surface terminated by the 
whole spiral, and the circle arba, and the quadrant pma, 
will be equal to the square of the diameter- ab. In any 
other case, the area pmaqfzp is to the square of that dia¬ 
meter ab, as the arc a a is to the whole circumference 
area. And this area is always to the spherical triangle 
pa«, as a square is to its circumscribing circle, or as the 
diameter of a circle is to half its circumference, or as 2 
is to 3 - 14159 &c. See Maclaurin’s Fluxions, Introd. 
pa. 31—33. 

The portion of the spherical surface, terminated by the 
quadrant pma, with the arches ar, fr, and the spiral 
pzf, admits of a perfect quadrature, when the ratio of 
the arch a a to the whole circumference can be assigned. 
Sec Maclaurin, ibid. pa. 33, 

Parabolic Spiral. See Helicoid. 

Proportional Spiral, is generated by supposing the ra¬ 
dius to revolve uniformly, and a point from the circum¬ 
ference to move towards the centre with a motion de¬ 
creasing in geometrical progression. Sec Logistic. 

From the nature of a decreasing geometrical progres¬ 
sion, it is easy to conceive that the radius ca may be con¬ 
tinually divided ; and though each successive division be¬ 
comes shorter than the next preceding one, yet there must 
be an infinite number of divisions o* terms before the lust 
of them become of no finite magnitude. Whcnfce it follows, 
that this spiral winds continually round the centre, 
without ever falling into it in any finite number of re¬ 
volutions. 

It is also evident that any proportional spiral cuts the 
intercepted radii at 
equal angles: for if 
the divisions a d, de, 
ef,fg, &tc, of the cir¬ 
cumference be very 
small, the several 
radii will be so close 
to one another, that 
the intercepted purts 
ad, de, ef, fg, &c, 
of the spiral may be 
taken as right lines; 
and the triangles cad, 
cde, cep, &c, will be 
similar, having equal angles at the point c, and the sides 
about those angles proportional; therefore the angles at a, 
n, b, p, &c, are equal, that is, the spiral cuts the radii at 
equal angles. Robertson’s Elern. of Navig. book 2, pa. 87. 

Proportional spirals are such spiral lines as the rhumb 
lines on the terraqueous globe; which, because they make 
equal angles with every meridinn, must also make equal 
angles with the meridians in the stenographic projection 
on the plane of the equator, and therefore will be, as Dr. 
Halley observes, Proportional spirals about the polar 
point. Whence he demonstrates, that the meridian line 
is a scale.of log. tangents of the half complements of the 
latitudes. Sec Rhumb, Loxodromy, and Meri¬ 
dional Parts. 

Spiral Pump. Sec Archimedes’s Scrsw. 
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Spiral, in Architecture and Sculpture, denotes a 
curve that ascends, winding about a cone, or spire, so 
that all the points of it continually approach the axis. 
By this it is distinguished from the helix, which winds in 
the game manner about a cylinder. 

SPORADES, in Astronomy, a name by which the an¬ 
cients distinguished such stars as were not included in any 
constellation. These the moderns more usually call un¬ 
formed, or extraconstellury stars. „ Many of the sporades 
of the ancients have been since formed into new constella¬ 
tions: thus, of those between Ursa Major and Leo, He- 
veliushas formed a constellation named Leo Minor; and 
of those between Ursa Minor and Auriga, he also formed 
the Lynx; and of those under the tail of Ursa Minor, 
another called Canis Vcnaticus ; &c. 

SPOTS, in Astronomy, arc dark places observed on the 
disks or faces of the sun, moon, and planets. The spots 
on the sun are seldom if ever visible, except through a 
telescope. I have indeed met with persons whose eyes 
wore so strong that they have declared they could distin¬ 
guish the solar spots; and it is mentioned in Josephus * 
Costa's Natural and Moral History of the West indies, 
book 1, ch.2, before the use of telescopes, that in Peru 
there are spots to be seen in the sun, which arc not to be 
seen in Europe. Sec a memoir by Dr. Zach, in the Astro¬ 
nomical Ephemcris of the Acad, of Berlin for 1788, re¬ 
lating to the discoveries and unpublished papers of Thomas 
Harriot the celebrated algebraist. In that memoir it is 
shown, for the first time, that Harriot was also an excel¬ 
lent astronomer, both theoretical and practical; that he 
made innumerable observations with telescopes from the 
year l6l0, and, among them, J99 observations of the 
solar spots, with their drawings, calculations, and the de¬ 
terminations of the sun's revolution round his axis. These 
spots were also discovered near about the same time by 
Galileo and Scheiner. Sec Joh. Fabricius Phrysius De 
Maculis in Sole observatis & apparente corum cum sole 
convcrsione narratio, 1611 ; also Galileo's Istoria c f)c- 
inonstrazioni intoruc allc Machic Solare e loro accidcnti, 
161 3 . 

Some distinguish the spots into Macular, or dark spots; 
and Faculse, or bright spots. They arc very changeable 
as to number, form, &c; and arc sometimes in a multi¬ 
tude, and sometimes none at all. Some imagine they* 
may become so numerous, as to hide the whole face of 
lhc sun, or at least the greater part of it; and to this 
they ascribe what Plutarch mentions, viz, that in the first 
year of the reign of Augustus, the sun's light was so faint 
and obscure, that one might look steadily at it with 
the naked eye. To which Kepler adds, that in 1547, 
the sun appeared reddish, as when viewed through a 
thick mist; and hcilce he conjectures that the spots in 
the sun arc a kind of dark smoke, or clouds, floating on 
his surface. 

Some again will have them stars, or planets, passing 
over the body of the sun: but others, with more probability, 
jhink they arc opaque bodies, in tlic manner of crusts, 
formed like the scums on the surface oLliquors. 

Mr. Gascoigne, the inventor of the micrometer, and 
some others, fancied them to he planets revolving very 
near the sun. But his friend Mr. Crabtric explained to 
him very good reasons against such a notion; stating, 
from his observations, that they arc no stars; but mere 
€i fading bodies, unconstant (in regard of their generation) 
and irregular excrescences arising out of, or proceeding 
Vol. II. 


from the sun’s body." 
pa. 6S0, &c. 

Dr. Derham, from a variety of particulars, which he 
has recited, concerning the solar spots, and their con- 
gruity to what we observe in our own globe, infers, that 
they arc caused by the eruption of some new volcano in 
the sun, which, pouring out at first a prodigious quantity 
of smoke and other opaque matter, causelh the spots: and 
as that fuliginous matter decays and spends itself, and the 
volcano at last becomes more torrid and flaming, >o tn*• 
spots decay and become umbra?, and at last lacula*: which 
facula? he supposes to be no other than more Paining 
lighter parts than any other parts of the sun. Philos. 
Trans, vol. 23, pa. 1504, and vol. 27, pn. 2/0 ; or my 
Abridg. vol. 5, pa. 79 and 622. 

Dr. Franklin (in his Ex per. and Obscrv. pa. 266.) sug¬ 
gests a conjecture, that the parts of the sun's sulphur se¬ 
parated by fire, rise into the atmosphere, and there Icing 
freed from the immediate action of the tire, they collect 
into cloudy masses, and gradually becoming too heavy to 
be longer supported, they descend to the sun, and are 
burnt over again. Hence, he says, the spots appearing 
on his face, which arc observed to diminish daily in size, 
their consuming edges being of particular brightness. 

Dr. Alex. Wilson, of Glasgow, from observations and 
a train of reasoning, is of opinion that all spots, small as 
well as great, which consist of a dark nucleus and sur¬ 
rounding umbra, are excavations in the luminous matter 
of the sun. lie has also endeavoured to give a general 
idea of the production, changes, and decay of the solar 
spots, considered as excavations in the body of the sun. 
But concerning the nature of that mighty agency, which 
occasions those amazing commotions in the luminous 
matter, or concerning the density, viscidity, and other 
qualities of the matter, and many other questions, he 
freely confesses that they far surpass his knowledge. 
Abridg. Pb. Tr. v. 13, pa. 360, and v. 15, pa. 482. 

To this opinion of Dr. Wilson several persons exhibit 
objections; among others M. Lalundc, in the Memoirs of 
the French Acad. 1776, contends on the contrary, that 
the spots arc phenomena arising from dark bodies like 
rocks, which, by an alternate flux and reflux of the liquid 
Igneous matter of the sun, sometimes raise their heads 
above the general surface. That part of the opaque rock, 
which at any time thus stands above, gives the appearance 
of the nucleus, while those parts which lie only a little 
under the igneous matter, appear to us as the surround¬ 
ing umbra. 

Some other respectable remarks on these phenomena 
arc given by Mr. H. Marshall and the Rev. F. Wollaston. 
Sec the Abr. Ph. Tr. v. 13, pa. 529, 532. 

Dr. Hcrschcl's explanation of these phenomena is dif¬ 
ferent from all the rest. The sun, he supposes, has an 
atmosphere resembling that of the earth ; and. this at¬ 
mosphere consists of various elastic fluids, some of which 
exhibit a shining brilliancy, while others arc merely trans¬ 
parent. Whenever the lucid fluid is removed, the body 
of the sun may be seen through those th^tnic transparent, 
as a dark spot. Like as an observer, placed on the moon, 
sees the solid body of our earth only in those places w here 
the transparent fluids of our atmosphere permit him. In 
others, the opaque vapours reflect the light of the sun, 
without permitting his view to penetrate to the surface of 
our globe. By chafiges in the atmosphere of Jupiter, 
Dr. H. accounts for the phenomena of his belts; and on 
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(he same principle he illustrates the various appearances 
of a spot* which he observed on the sun in 1779* This 
spot extended more than 50 thousand miles; and he says 
that, ‘ the idea of its being occasioned by a volcanic 
explosion, violently driving away a fiery fluid, which on 
its return would gradually fill up the vacancy, and thus 
restore the sun in that place to its former splendour, 
ought to be rejected on many accounts/ Dr. II. appre¬ 
hends there arc considerable inequalities in the surface of 
the sun; and that there may be elevations not less than 
5 or 600 miles high. * A very high country, or chain of 
mountains, may oflener become visible, by the removal 
of the obstructing’fluid, than the lower regions, on ac¬ 
count of its not being so deeply covered with it; and some 
of the solar mountains may he high enough occasionally 
to project above the shining elastic fluid, when, by some 
agitation, or other cause, it i? not of the usual height. 
And tins opinion is much strengthened by the return of 
some remarkable spots, which served Cassini to ascertain 
the period of the sun s rotation—According to Dr. H’s 
hypothesis, the black spots arc the opaque ground or hotly 
of the sun ; and the luminous part is an atmosphere, which, 
being interrupted or broken, gives us a transient glimpse 
of the sun itself. These spots appear, with a 7-feet re¬ 
flector, much depressed below the surface of the luminous 
part. The facula?, as Ilevelius calls them, arc elevated 
bright places, which appear at different times, and in dif¬ 
ferent circumstances of very various figures, which, with 
the lower opaque parts, gives the sun at times a kind of 
motled appearance. Philos. Trans. Abr. v. 17* pa. 478. 

In short, Dr. Herschcl, who has paid great attention 
to the spots of the sun, considers that luminary as similar 
to the planets, and not a flaming body.—It contains moun¬ 
tains, some of which he supposes to be 200 leagues in 
height. Its atmosphere is composed of different elastic 
fluids, some of which arc luminous or phosphoric, ami 
others only transparent. The former make the sun appear 
like a mass of light or fire; but the parts of tha( atmo¬ 
sphere which arc only transparent, suffer his body to be 
seen. These are the spots. He believes the sun to be in¬ 
habited like the other planets. 

LalamJe, on the other hand, thinks that the sun is 
ically a solid body, but that his surface and part of hiS 
mass arc composed of an incandescent fluid. This fluid, 
by any movement, leaves uncovered sometimes a portion 
of the body of the sun or his mountains, and these arothe 
spots. — Wilson considers thp spots of the sun as erup¬ 
tions or volcanoes. 

For another solution of these phenomena, see Macula. 
Various other accounts and hypotheses of these spots may 
be seen in many of the other volumes of the Philos. Trans. 
In one of these, viz, vol. 57* pa* 398, Dr. Horsley attempts 
to determine the height of the sun's atmosphere from the 
height of the solar spots above his surface. 

By means of the observations of these spots, has been 
determined the period of the sun's rotation about his axis, 
viz, by observing their periodical return. 

The lunar spots arc fixed: and astronomers reckon about 
48 of them on the moon's face; to each of which they 
have given names.. The 21st, called Tycho , is one of the 
most considerable. , 

Circular Spots, in Electricity. See Circular Spots 
and Colours. 

Lucid Spots, in the heavens , are several little whitish 
spots, that appear magnified, and moce luminous when 


seen through telescopes ; and yet without any stars in 
them. One of these is in Andromeda's girdle, and was first 
observed in 1012, by Simon Marius: it has some whitish 
rays near its middle, is liable to sevrTal changes, and is 
sometimes invisible. Another is near the ecliptic, between 
the head and bow of Sagittarius ; it is small, hut very lu¬ 
minous, A third is in the back of the Centaur, which is 
too far south to be seen in Britain. A fourth, of a smaller 
size, is before Antinnus’s right foot, having a star in it, 
which makes it appear more bright. A fifth is in the con¬ 
stellation Hercules, between the stars C and r n which is 
visible to the naked eye, though it is but small, when the 
sky is clear and the moon absent. It is probable that 
with more powerful telescopes these lucid spots will be 
found to be congeries of very minute fixed stars. See 
Nebulous. 

Planetary Spots, arc those of the planets. Astronomers 
find thut the planets nre not without their spots. Jupiter, 
Mars, and Venus, when viewed through n telescope, show 
several very remarkable ones: and it is by the motion of 
these spots that the rotation of the planets about their axes 
is concluded, in the same manner as that of the sun is de¬ 
duced from the apparent motion of his maculae. * 

SPOUT, or W(Uer Spout, an extraordinary meteor, 
or appearance, consisting of a moving column or pillar 
of water; called by the Latins typho, and sipho; and by 
the French trompe, from its shape, which resembles a 
speaking trumpet, the widest end uppermost. Its first 
appearance is in form of a deep cloud, the upper part of 
which is white, and the lower black. From the lower 
part of this cloud there hangs, or rather falls down, wh^t 
is properly called the spout, representing a conical tube, 
largest at top. Under this tube is always a great agita¬ 
tion of the water of th4 sea, ns in a jet d’eau. For 
some yards above the surface of the sritj the water stands 
like a column, or pillar; from the extremity of which it 
spreads, and goes off, ns in u kind of smoke. Frequently 
the cone descends us low as the middle of this column, 
and continues for some time contiguous to it; though 
sometimes it only points to it at some distance, either in 
a perpendicular, or in an oblique line. 

. It frequently happens that it can scarcely bo distin¬ 
guished, whether the cone or the column appears the first, 
both rushing • as it were To each other instantaneously. 
But sometimes the water boils up from the sea to a great 
height, without any appearance of u spout pointing to it) 
either perpendicularly or obliquely. Indeed, generally, 
the boiling or flying up of the water has the priority, this 
always preceding its being formed into a column. It 
more commonly happens that the cone does not appear 
hollow till towards tty? end, when the sea water is vio¬ 
lently thrpwn up along its middle, a% smoke up a chim¬ 
ney: soon after this, the spout or canal breaks and dis¬ 
appears ; ,# thc boiling up of the water, and even the pillar, 
continuing to the last, and for some time afterwards; 
sometimes till the spout form itself again, and appear 
anew, which it will do several limes in a quarter of an 
hour. See a description of several water-spouts by Mr. 
Gordon, and by Dr. Stuart, in Phil. Trans! Abr. vol. iv, 
pa. 564, and 647. 

M. cle la Pry me, from a near observation of two or three 
spouts in Yorkshire, described in the Philosophical Trans¬ 
actions, num. 281, or Abr. vol. iv, pa. 709* concludes, 
that the water spout is nothing but a gyration of clouds 
by contrary-winds meeting in a point, or centre j and 
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there, where the greatest condensation and gravitation is, 
falling do'vn into a pipe, orgreat tube,somewhat like Archi¬ 
medes's spiral screw; end, by its working and whirling 
motion, absorbs and raises the water, in the same manner 
as the spiral screw does; thus destroying even the largest 
ships &c. 

In the month of June he observed the clouds very much 
agitated above, and driven together; upon which they be¬ 
came very black, and were hurried round ; whence pro¬ 
ceeded a most audible whirling noise like that usually 
heard in a mill. Soon after there issued a long tube, or 
spout, from the centre of the congregated clouds, in which 
he observed a spiral motion, like that of a screw, by whigli 
the water was raised up. 

Again, August 15, 1687, the wind blowing at the same 
time out ol the several quarters, created a great vortex 
and whirling among the clouds, the.centre of which every 
now and then dropt down, in the shape of a long thin 
black pipe, in which he could distinctly behold a motion 
like that of a screw, continually drawing upwards, and 
screwing up, as it were, wherever it touched. 

In its progress it moved slowly over a grove of trees, 
which bent under it like wands, in a circular motion. 
Proceeding farther, it tore ofl the thatch from a barn, 
bent a huge oak tree, broke one of its greatest branches, 
and threw it to a considerable distance. He adds, that 
whereas it is commonly said, the water works and rises in 
a column, before the tube comes to touch it, this is 
doubtless a mistake, owing to the lineness and transpa¬ 
rency of the tubes, which do most certainly touch the 
surface of the sea, before any considerable motion can 
be raised in it; but which do not become opaque and vi¬ 
sible, till after they have imbibed a considerable quantity 
of water. 

The dissolution of water spouts be ascribes to the great 
quantity ol water they have gathered; which, by its 
weight, impeding their motion, upon which their force, 
and even existence depends, they break, and let go their 
contents; which frequently proves fatal to whatever is 
found underneath. 

A remarkable instance of this may be seen in the Phi¬ 
losophical Transactions (nutn. 363, or Abr. Vol. vi. pa.. 
440) related by Dr. Richardson. A spout, in 1718, 
breaking on Emmotmoor, njgh Coin, in Lancashire, the 
country was immediately inundated ; a brook, in a few 
minutes, rose six feet perpendicularly high ; and the 
ground upon which the spouf fell, which was 66 feet over, 
was torn up to the very rock, which was no less than 7 
feet deep; and a dpep gulf was jnade for above half a 
mile, the earth being raised in vast heaps on each side. 
See a description and figure of a water-spout, with an 
attempt to account for it in Franklins Exp. and Obs. 
pa. 226, &c. 

Signor Beccaria has taken pains to show that water¬ 
spouts have an electrical origin. To make this the more 
evident, he first describes the circumstances attending their 
appearance, which arc the following. 

They generally appear in calm weather. The sea seems 
to boil, and to send up a smoke under them, rising in m 
kill towards the spout. At the same time, persons who 
have been near tbein have heard a rumbling noise. The 
form of a water-spout is that of a speaking trumpet, the 
wider end being in the clouds, and die narrower end to¬ 
wards the sea. 

The size is various, even in the same spout. The co- 


27 ] 

lorn* i* soinclime> inclining to white, and sometimes to 
black. Their position is sometimes perpendicular to the 
sea, sometimes oblique; and sometime* the spout itself 
forms a curve. I heir continuance is very various, some 
disappearing as soon as formed, and some continuing a 
considerable time. One that lie had heard of continued 
for an hour. Rut they often vanish, and presently ap¬ 
pear again in the same place. The v« ry same things that 
water-spouts are at sea, arc sonic kinds ol hirlw inds and 
hurricanes by land. They have been known to tear up 
trees, to throw down buildings, and make caverns in the 
earth ; and in all these cases, to scatter earth, bricks, 
stones, timber, &c, to great distances in every direction. 
Great quantities ol water have been left, or raised bv 
them,.so as to make a kind of deluge; and they have ul- 
ways been attended by a prodigious rumbling liaise. 

That these phenomena depend upon electricity cannot 
but appear very probable from the nature of several of 
them ; but the conjecture is made more probable from 
the following additional circumstances. They generally 
appear in months peculiarly subject to thunder-storms, 
and arc commonly preceded, accompanied, or followed 
by lightning, rain, or hail, the previous state of the air 
being similar. Whitish or yellowish flashes of light have 
sometimes been seen moving with prodigious swiftness 
about them. And lastly, the manner in which they ter¬ 
minate exactly resembles what might be expected from 
the prolongation of one of the uniform protuberances of 
electrified clouds, mentioned before, towards the sea ; the 
water and the clo(id mutually attracting each other: for 
they suddenly contract themselves, and disperse almost 
at once; the cloud rising, and the water of the sea under 
it falling to its level. But the most remarkable circum¬ 
stance, and the most favourable to the supposition of their 
depending on electricity, is, that they have been dispersed 
by presenting to them sharp pointed knives or swords. 
This, at least, is the coustant practice of mariners, in 
many parts of the world, where these , water-spouts 
abound, and he was assured by several of them, that the 
method has often been undoubtedly effectual. 

The analogy between the phenomena of watcr-spouts and 
electricity, lie says, may be made visible by hangiug a drop 
of water toa wire communicating with the primcconductor, 
and placing a vessel 6f water under it. In these circum¬ 
stances, the drop assumes all the various appearances of 
a water-spout, both in its rise, form, and manner of dis¬ 
appearing. Nothing is wanting but the smoke, which 
may require a great force of electricity to become visible. 

Mr. Wilcke also considers the water-spout as a kind of 
great electrical cone, raided between the cloud strongly 
electrified, and the sea or the earth, and he relates a very 
remarkable appearance which occurred to himself, and 
which strongly confirms his supposition. On the 20th of 
July 1758, at three o'clock in the afternoon, he observed 
a great quantity of dust rising from the ground, and co¬ 
vering a field, and part of the town in which he then was* 
There was no wind, and the dust moved gently towards 
the east, where appeared a great black cloud, which, when 
it was near its zenith, electrified his apparatus positively, 
and to as great a degree as ever he had observed it to be 
done by natural electricity. This cloud passed his zenith, 
and wept gradually towards the west, the dust then fol¬ 
lowing it, and continuing to rise higher and higher till it 
composed a thick pillar, in the form of a sugar-loaf, and 
at length seemed to be in contact with the cloud. At 
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some distance from this, there came, in the same path, 
another great cloud, together with - a long stream of 
smaller clouds, moving faster than the preceding. '1 hese 
clouds electrified his apparatus negatively, and when they 
came near the positive cloud, a Hash of lightning was 
seen to dart through the cloud of dust, the positive cloud, 
the large negative cloud, and, as far as the eye could dis¬ 
tinguish, the whole train of smaller negative clouds u hicli 
followed it. Upon this, the negative clouds spread very 
much, and dissolved in rain, and the air was piesently 
clear of all the dust. The whole appearance lasted not 
above half an hour. See Priestley's Pleclr. vol. i. 
pa. 438, <S:c. 

'Phis theory of water spouts lias been farther confirmed 
by the account which Mr. Porster gives of one of them, 
in his Voyage round the World, vol. i, pa. 191, &c. On 
the coast of New Zealand he had an opportunity of see¬ 
ing several, one of which he has particularly doscnbed. 
The water, he says, in a space of 50 or 60 fathoms, 
moved towards the centre, and there rising into vapour, 
by the force of the whirling motion, ascended in a spiral 
form towards the clouds. Directly over the whirlpool, 
or agitated spot in the sea, a cloud gradually tapered into 
a long slender tube, which seemed to descend to meet the 
rising spiral, and soon united with it into a straight co¬ 
lumn of a cylindrical form. The water was whirled up¬ 
wards with the greatest violence in a spiral, and appeared 
to leave a hollow space in the centre; so that the water 


secmccl to form a hollow tube, instead of a solid column ; 
and that this was the case, was rendered still more pro¬ 
bable by the colour, which was exactly like that of a 
hollow glass tube. After sometime, this last column was 
incurvated, and broke like the others ; and (he appear¬ 
ance of a flash of lightning which attended its disjunc¬ 
tion, as well as the haiUstoncs which fell at the time, 
seemed plainly to indicate, that water* spouts either Owe 
the ir formation to the electric matter, or, at least, that 
they have some connexion with it." 

In Pliny’s time, the seamen used to pour vinegar into 
the sea, to assuage and lay the spout when it approached 
them; our modern seamen think to keep it off, by making 
a noise with tiling and scratching violently on the deck; 
or by discharging great guns to disperse it. 

See the figure of a water-spout, fig. I, plate 33^ 

SPUING, in Natural History, a fountain or source of 
water, rising out of the ground.—The most general and 
probable opinion among philosophers, on flic formation 
of springs, is, that they arc formed from the rain-water 
which penetrates the earth till sucji time as it meets a 
clayey soil, or stratum ; which proving a bottom suffi¬ 
ciently solid to sustain and stop its descent, it glides-along 
it that way to which the earth declines, till, meeting with 
a place or aperture on the surface, through which it may 
escape, it forms aspring, and perhaps the head ofa stream 
or brook. Now, that the rain is sufficient for this effect, 
uppears from hence, that upon calculating the quantity of 
rain and snow which fulls yearly on the tract of ground 
that is to furnish, for instance, the water of the Seine, it 
is found that this river docs not take up above one-sixth 
part of it. 

Springs commonly rise at the bottom of mountains: 
the reason is, that mountains collect the most waters, and 
give them the greatest descent the same way. And if we 
sometimes sec springs on high grounds, and even on the 
tops of mountains, they must come from other remoter 


places, considerably higher, along beds of clay, or clayey 
ground, as in their natural channels. So that if there 
happen to be a valley between a mountain on whose top 
is a spring, and the mountain which is to furnish it with 
water, the spring must be considered as water conducted 
from a reservoir of a certain height, through a subter¬ 
raneous channel, to make a jet of an almost equal height. 

As to the manner ir> which this water is collected, so as 
to form reservoirs of the different kinds of springs, it seems 
to be this: the tops of mountains usually abound with ca¬ 
vities and subterraneous caverns, formed by nature to serve 
as reservoirs: and their pointed summits, which seem to 
pierce the clouds, stop those vapours which float in the 
atmosphere ; which being thus condensed, they precipi¬ 
tate in water, and by their gravity and fluidity easily pene¬ 
trate through beds of sand and the lighter earth, till they 
become stopped in their descent by the denser strata, such 
as beds of clay, stone, &c, where they forma bason or ca¬ 
vern, and working a passage horizontally, or a little de¬ 
clining, they issue out at the sides of the mountains. 
Many of these springs discharge water, which running 
down between the ridges of hills, unite their streams, and 
form rivulets or brooks, and many of these uniting again 
on the plain, become a river. 

The perpetuity of some springs, always yielding the 
same quantity of water, ns well when the least rain or va¬ 
pour is afforded as when they are the greatest, furnish, in 
the opinion of some persons, con*iderablc*objcctions to 
the universality or sufficiency of the above theory. Dr. 
Dcrltam mentions a spring in his own parish of Uptnin- 
ster, which he could never perceive by his eye was dimi¬ 
nished in the greatest droughts, even when all the ponds 
in the country, as well as an adjoining brook, had been dry 
for several months together; nor ever to be increased ill 
the most rain) seasons, excepting perhaps for a few hours, 
or at most lor a day, from sudden and violent rains. Had ' 
this spring, lie thought, derived its origin from rain or va- 
pours,there would be found ail increase and decrease of its 
water corresponding to those of its causes ; as we actually 
find in such temporary springs, as have undoubtedly their 
rise from rain and vapour. 

Some naturalists therefore have recourse to the and 
derive the origin of springs immediately from thence. 
But how the sea-water should be raised up to the surface 
of the eftrth, and even to the tops of the mountains, is a 
difficulty, in the solution of which they cannot agree. 
Some fancy o kind of hollow subterranean rocks to receive 
the watery vapours raised 'from channels communicating 
with the sen, by means of an internal fire, and to act the 
part of alembics, in freeing them from their saline parti¬ 
cles, ns well as condensing and converting thAn into wa¬ 
ter. This kind of subterranean laboratory, serving for the 
distillation of sea-water, was the invention of Descartes: 
sec his Princip. part 4, § 64. Others, as Lahire &C (Mem. 
dc l’Acad. 1703) set aside the alembics, and tlnrtV'it 
enough that there be large subterranean reservoirs of wa¬ 
ter at the height of the sea, from whence the warmth of the 
bottom of the earth, &c, may raise vapours; which per¬ 
vade not only the intervals and fissures of the strata, but 
the bodies of the strata themselves, and at length arrive 
near the surface ; where, being condensed by the cold, 
they glide along on the first bed of clay they meet with, 
till they issue forth by some aperture in the ground. La- 
birc adds, that the salts of stone and minerals may contri¬ 
bute to the detaining and fixing the vapours, and convert- 
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ing them into water. Again, it is urged by others, that 
there is a still more natural and easy way of exhibiting the 
rise of the sca-wiiter up into mountains &e, viz, by put¬ 
ting a little heap of sand, or ashes, or the like, into a bason 
of water ; in which case the sand &c will represent the dry 
land, or an island ; and the bason of water, the sea about 
it. Here, say they, the water in the bason will rise to the 
top of the heap, or nearly so, in the same manner, and 
from the same principle, as the waters of the sea, lakes,&c, 
rise in the hills. The principle of ascent in both is ac¬ 
cordingly supposed lobe the same with that of the ascent 
of liquids in capillary tubes, or between contiguous planes, 
or in a tube filled with ashes ; all which are now generally 
accounted for by the doctrine of attraction. 

Against this last theory, Pcrrault and others have urged 
several unanswerable objections. It supposes a variety of 
subterranean passages and caverns, communicating with 
the sea, and a complicated apparatus of alembics, with heat 
and cold, &c, of the existence of all which we have no 
sort of proof. Besides, the water that is supposed to as¬ 
cend from the depths of the sea, or from subterranean ca¬ 
nals proceeding from it, through the porous parts of the 
earth, as it rises in capillary tubes, ascends to no great 
height, and in much too small a quantity to furnish springs 
with water, as Pcrrault has sufficiently shown. And 
though the sand and earth through which the water as¬ 
cends may acquire some saline particles from it, they are 
nevertheless incapable .of rendering it so fresh as the water 
of our fountains is generally found to be. Net to add, 
that in process of time the saline particles of which the 
water is deprived either by subterranean d stillation or fil¬ 
tration, must clog and obstruct those canals and alem¬ 
bics, by which it is supposed to be conveyed to our 
springs, and the sea must likewise gradually lose a consi¬ 
derable quantity of its salt. 

Different kind* of Springs. Springs are either such 
as run continually, called perennial ; or such as run only 
for a time, anil at certain seasons of the year, and there¬ 
fore called temporary springs. Others again arc called 
intermitting springs because they flow and then stop, and 
flow ami stop again ; and reciprocating springs whose 
waters rise and fall, or flow and ebb, by regular intervals. 

In order to account for these differences in springs, let 
a BCr>£ (fig.2, pi. 33) represent the declivity of a hill, 
along which the rain descends; passing through the fis¬ 
sures or channels bp, cg, nil, and j.k, into the cavity or 
reservoir fghkmi; from this cavity let there be a narrow 
drain or duct ke, which discharges the water at e. As 
the capacity of the reservoir is supposed to be large in pro¬ 
portion to that of the drain, it will furnish a constant sup¬ 
ply of water to the spring at e. But if the reservoir 
roiiKMi be small, and the drain large, the water con¬ 
tained in the former, unless it is supplied by rain, will be 
wholly discharged by the latter, and the spring will be¬ 
come dry: and so it will continue, even though it rains, 
till the water has bad time to penetrate through the earth, 
or to pass through the channels into the reservoir; and 
the timfc necessary for furnishing a new' supply to the 
drain ke will depend on the size of the fissures, the nature 
of the soil, and the depth of the cavity with which it com¬ 
municates. Hence it may happen, that the spring at e tuay 
remain dry for a considerable time, and even while it 
rains; but when the water has found its way into theca- 
vity of the hill, the spring will begin to run. Springs of 
this kind, it is evident, may be dry in wet weather, espe¬ 


cially if the duct ke be not exactly level with the bottom 
ol the cavity in the hill, and discharge water in dry wea¬ 
ther ; and the intermissions of the spring may continue 
several days. But if we suppose xop to represent another 
cavity, supplied with water by the channel no, as well as 
by fissures and clefts in the rock, and by the draining of 
the adjacent earth ; and another channel stv , communi¬ 
cating with the bottom of it at s, ascending to t, and ter¬ 
minating on the surface at v, in the form ol a siphon ; 
this disposition of the internal cavities of the earth, which 
we may reasonably suppose that nature has formed in a 
variety of places, will serve to explain the principle of re¬ 
ciprocating springs ; for it is plain, that the cavity xop 
must be supplied with water to the height qpt, before it 
can pass over the bend of the channel at r, and then it 
will flow* through the longer leg of the siphon tv, and be 
discharged at the end v, which is lower than s. Now il 
the channel stv be considerably larger than no, by which 
the water is principally conveyed into the reservoir xop, 
the reservoir will be emptied ol its water by the siphon ; 
and when the water descends below its orifice s, the ail 
will drive the remaining water out of the channel stv, and 
the spring will cease to flow. But in time the water in the 
reservoir will again rise to the height qpt, and be dis¬ 
charged at v as before. It is easy to conceive, that the 
diameters of the channels no and stv may be so propor¬ 
tioned to one another, as to afford an intermission and re¬ 
newal of the spring v at regular intervals. 'I bus, if no 
communicates with a well supplied by the tide, during the 
time of flow, the quantity of water conveyed by it into the 
cavity xop may be sufficient to till it up to qpt ; and stv 
may be of such a size as to empty it, during the time of 
ebb. It is easy to apply this reasoning to more compli¬ 
cated cases, where seve nil reservoirs and siphons commu¬ 
nicating with each other, may supply springs with circum¬ 
stances of greater variety. Sec Musschcnbroek’s Introd. 
ad Phil. Nat.tom.ii. pa. 1010. Dcsngu. L\p. Phil. vol.ii, pa. 
173,&c. And Nicholsoivs Philos. Journal, v.35,p. 17S,&c. 

We shall here observe, that Dcsaguliers calls those reci¬ 
procating springs which flow constantly, hut with u stream 
subject to increase and decrease; and thus lie distinguishes 
them from intermitting springs, which flow or stop alter¬ 
nately. It is said that in the diocese of Paderborn, in 
Westphalia, there is a spring which disappears after twen- 
ty-foui hours, and always returns at the end of six hours 
with a great noise, and with so much force, ns to turn three 
mills, not far from its source. It is called the Bolderhorn, 
or boisterous spring. PhiJ. Trans. No. 7. There are 
many springs of an extraordinary nature in our own coun¬ 
try, which il is needless to recite, as they arc explicable by 
the general principles already illustrated. 

String, Ver p in Astronomy and Cosmography, denotes 
one of the seasons of the year ; commencing, in the north¬ 
ern parts of the earth, on the day the sun enters the first 
degree of Aries, which is about the 21st cloy of Marcli, and 
ending when the sun enters Cancer, at the summer solstice, 
about the 21st of June; spring ending when the summer 
begins. Or, more strictly and generally, for any part of 
the earth, Or on either side of the equator, the spring sea¬ 
son begins when the meridian altitude of the sun, being on 
the increase, is at a medium between the greatest and 
least; and ends when the meridian altitude is at the great¬ 
est. Or the spring is the season, or time, from the mo¬ 
ment of the sun’s crossing the equator till he rise to the 
greatest height above it, v 
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Klater Spring, in Physics, denotes a natural faculty, 
or endeavour, of certain bodies, to return to tbeir first 
state, after having been violently put out of the same by 
coinpressing, or bending them, or the like. This faculty 
is usually called by philosophers, clastic force, or elas¬ 
ticity. 

Spring, in Mechanics, is used to signify a body of any 
shape, perfectly elastic, or nearly so. 

Elasticity of a Spring. See Plasticity. 

Length of a Spring, may, from its etymology, signiiy 
the length of any elastic body ; but it is particularly used 
by i)r. Jurin to signify the greatest length to which a 
spring can be forced inwards, or drawn outwards, without 
prejudice to its elasticity. He observes, this would be the 
whole length, were the spring considered as a mathematical 
line ; but in a material spring, it is the difference between 
the whole length, when the spring is in its natural situa¬ 
tion, or the situation it will rest in when not disturbed by 
any external force, and the length or space it takes up 
when wholly compressed and closed, or when drawn out. 

Strength or Force of a String, is used for the force or 
weight which, when the spring 19 wholly compressed or 
closed, will just prevent it from unbending itself. Also 
the force of a spring partly bent or closed, is the force or 
weight which is just sufficient to keep the spring in that 
state, by preventing it from unbending itself any farther. 

The theory of springs is founded on this principle, ut 
intensio, sic vis : that is, the intensity isos the compressing 
force ; or if a spring be any way forced or put out of its 
natural situation, its resistance is proportional to the space 
by which it is removed from that situation. This princi¬ 
ple has been verified by the experiments of Dr. Hooke, 
and since him by those of others, particularly by the ac¬ 
curate hand of Mr. George Graham. Lectures Do Po- 
tentia Restitutiva, 1 67&^ 

For elucidating this principle, on which the whole 
theory of springs depends, suppose a spring CL, resting at 
l against any immoveable support, but otherwise lying in 
its natural situation, and at full liberty. If this spring be 
pressed inwards by any force /), or from c towards l, 
through tin* space of one inch, and con be there detained 
by that force />, the resistance of the spring, and the lorco 
p, exactly counterbalancing each other; then will the 
double force 2 p bend the spring through the space of 2 
inches, and the triple force 3 p through 3 inches, and the 
quadruple force \p through 4 inches, and so on. The 
space cl through which the spring is bent, or by which 
its end c is removed from its natural situation, being al¬ 
ways proportional to the force which will bend it so far, 
and will just detain it when so bent.* On the other hand, 
if the end c be drawn outwards to any place X, and be 
there detained from returning back by uny force />, the 



space CA, through which it is so drawn outwards, will be 
also proportional to the force p , which is just able to re¬ 
tain it in that situation. 

It may here be observed, that the spring of tbc air f 
or its elastic force, is a power of a different nature, and 
governed by different laws, from that of a palpable rigid 
spring. For supposing the line lc to represent a cylin¬ 
drical volume of air, which by compression is reduced to 
l/, or by dilation is extended to lA, its elastic force will 
be reciprocally as l / or lA ; whereas the force or resistance 
of a spring is directly as cl or cA. 

This principle being premised, Dr. Jurin lays down 
a general theorem concerning the action of a body striking 
on one end of a spring, while the other end is supposed 
to rest against an immoveable support. Thus, if a spring 
of the strength p, and the length cl, 
lying at full liberty upon an hori¬ 
zontal plane, rest with one end l 
against an immoveable support; and 
a body of the weight m, moving 
with the velocity v, in the direction 
of the axis of the spring, strike di» 

rectly on the other end c, and so force the spring inwards, 
or bend it through any space cb ; and if a mean propor¬ 
tional cg be taken between x cl and 2a, where a de¬ 
notes the height to which a body would ascend in vacuo 
with the velocity v; and further, if upon the radius k = 
cg be described the quadrant of a circle gfa : then, 

1. When the spring is bent through the right sine CBof 
any arc of, the velocity v of the body m is to the original 
velocity v, as the cosine bf is to the radius cg ; that is 

• * bf 

v : v : : bf : cg, or r = — x v. 

2. The time t of bending the spring through the same 
sine cb, is to t, the time of a heavy body's ascending in 
vacuo with the velocity v, us the corresponding arc is tQ 

C a ; that is t : t : : of : 2a, or t =c — x t. 

9 9 . 

The doctor gives a demonstration of this theorem, Snd 
deduces a great many curiou^ corollaries from it; which 
he divides into three classes. The first contains such co¬ 
rollaries as are of more particular use when the spring is 
wholly closed before the motion of the body ceases: the 
second comprehends those relating to the case, when the 
motion of the body ceases before the spring is wholly 
closed : gnd the third.when the motion of the body ceases 
at the instant that the spring is wholly closed. • 

3. Wc shall here mention some of the last class, as 
being the most simple; having first premised, that P = 
the strength of the spring, L = its length, ▼ ssithe ini¬ 
tial velucity of the body closing the spring, M = its'mass, 
i = time spent by the body in closing the spring, a = 
height from which a heavy body will fall in vacuo in a 
second of time, a = the height to whioh a body would 
ascend in vacuo with the velocity v, c = x the velocity 
gained by the fall, m =x the circumference of a circle, 
whose diameter is 1. Then, the motion pf the^triking 
body ceasing when the spring is wholly closed, it will! be, 
1st, 2d, and 3d, 

v =a c</ —; vt = x l"; mv c V f Tl i *h c 

V 3MA% 4A *A 

first momentum. 

♦. If a quantity of motion my bend a spring through 
its whole length, and bo destroyed by it; no other qunn- 
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tily of motion equal to the former, as n m x will close 

the same spring, and be wholly destroyed by it.—5. But 
a quantity of motion, greater or less than MV, in any given 
ratio, may close the same spring, and be wholly destroyed 
in closing it ; and the time spent in closing the spring will 
be respectively greater or less, in the same given ratio.— 


6. The initial vis viva, or MV 2 is = 


c-'pl 


2A 


and = pl 


also the initial vis viva is as the rectangle under the length 
and strength of the spring, that is, MV*is as pl.— 7. If 
the vis viva mv* bend a spring through its whole length, 
and be destroyed in closing it; any other vis viva, equal 

y* * 

to the former, as n : M x —, will close the same spring, 
and be destroyed by it.—8. But the time of closing the 
spring by vis viva n*M x — , will be to the time of clos¬ 
ing it by the vis viva mv 2 , as n to 1.—9- If the vis viva 
Mv* be w holly consumed in closing a spring, of the length 
L, and strength p; then the vis viva v 2 will be suffi¬ 
cient to close, 1st, Either a spring of the length L and 
strength ftp. 2d, Or a spring of the leftgth til and 
strength np. 3d, Or of the length n 2 l and strength p. 
4th, Or, if 7i be a whole number, the number n : of springs, 
each of the length L and strength P. —It may be added, 
that it appears from hence, that the number of similar 
and equal springs a given body in motion can wholly close, 
is always proportional to the squares of the velocity of 
that body. Ami it is from this principle that the chief 
argument, to prove that the force of a body in motion is 
as the square of its velocity, is deduced. See Force. 

The theorem given above, and its corollaries, will 
equally hold good, if the spring be supposed to have been 
at first bent through a certain space, and by unbending 
itsqlf to press upon a body at rest, and thus to drive that 
body before it, during the time of its expansion : only v, 
instead of being the initial velocity with which the body 
struck the spring, will now be the final velocity with 
which the body parts from the spring when totally ex¬ 
panded. 

;It may also be observed, that the theorem, &c, will 
equally hold good, if the spring, instead of being pressed 
inward, be drawn outward by the action of the body. 
The like may be said, if tile spring be supposed to have 
been ulreudy drawn outward to a certain length, and in 
restoring itself draw the body after it. .And lastly, the 
theorem extends to a spring of any form whatever, pro¬ 
vided l be the greatest length it can be extended to from 
its natural situation, and p the force which will confine it 
to that length. See Pbilos.-Trans. num. 472, sect. 10, 
or vol. 43, art. 10. 

Sp.ring is more particularly used, in the Mechanic 
Arts, for a piece of tempered steel, put into various ma- 
' chines to give them motion, by the endeavour it makes lo 
unbend itself. In watches, it is a fine piece of wcll-bcatcn 
steel, coiled up in a cylindrical case, or frame; which by 
stretching itself forth, gives motion to the wheels, &c. 

Spring Arbor, in a Watch, is that part in the middle 
of the spring*box, about which the spring is wound or 
turned, and to which it is hooked at one end. 

Spuing Box, in a VVatch, is the cylindrical case, or 
frame, containing within it the spring of the watch. 

Spring Compasses. See Compasses. 


Spring of the Air , or its clastic force. See Am, and 
Elasticity. 

S p ring- 77t/cs, arc the higher tides, about the times of 
the new and full moon. Sec Tide. 

Springy, or Elastic Body. Sec Elastic Body. 

SQUARE, in Geometry, a quadrilateral figure, whose 
angles are right, and sides equal. Or it is an equilateral 
rectangular parallelogram. A square, and indeed any 
other parallelogram, is bisected by its diagonal ; but the 
side of a square is incommensurable with its diagonal, 
being in the ratio of 1 to x/2. 

To find the Area of a Square. Multiply the side by 
itself, and the product is the area. So, if the side be 10, 
the area is 100 ; and if the side be 12, the urea is 144. 

Square Foot , is a square each side of which is equal 
to a foot, or 12 inches; and the area, or square foot is 
equal to 144 square inches. 

Geometrical Square, a compartment often added on 
the lace of a quadrant. Sec Line of Shadows, and Qua¬ 
drant. 

Gunner's Square. See Quadrant. 

Maqic Square. See M AOicSi/uare. 

Square Measures , the squares of the lineal measures; 
as in the following table of square measures: 


Squa. Inches. 

Sq. Fret. 

Sq. Varda. 

Sq. Poles. 

144 

1 



1296 

9 

1 


39204 

2721 

30 i 

1 

627264 

4330 

484 

16 

6272640 

44560 

4840 

160 

4 C 11489600 

278/8400 

3097600 

102400 


S Ow. 


i 

10 

6401 


\crr%. 


I 

640 


Sq.Milea. 



Normal Square, is an instrument, made of wood or 
metal, serving to describe and measure right angles ; such 
is abc. It con¬ 
sists of two rulers 
or branches fast¬ 
ened together per¬ 
pendicularly.— 

When tho two 
legs are moveable 
on a joint, it is 
called a bevel.— 

To examine whether the square be exact or not. De¬ 
scribe a semicircle dbe, with any radius at pleasure ; in 
the circumference of which upply the angle of the square 
to any point as b, and the edge of one leg to one end of the 
diameter as d, then if the other leg pass just by the other 
extremity at e, the square is true; otherwise not. 

Square Number , is the product arising from a number 
multiplied by itst'lf. Thus, 4 is the square of 2, and 10 
the square of 4. 

The scries of square integers, is 1, 4, 9> 16# 25, 36, &c; 

which are the squares of • 1, 2,3, 4, 5, 6, &c. 

Or the square fractions - - &c, 

which are the squares of - y, i, &c. 


A square number is so called, 
cither because it denotes the area 
of a square, whose side is expressed 
by the root of the square number; 
as in the annexed square, which 
consists of 9 little squares, the side 
being equal to 3 ; or else, which is 
much the same thing, because the 
points in the number may be ranged 


3 
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m the form of a square, by making the 
root, or factor, the side of it, thus. 

Some properties of squares are as follow : 

1 . Of the 

Natural series of square*, l 4 , 2 2 , 3 2 , 4* , &c, 

which arc equal to I , 4 , 9 , l(i , &c; 

The mean proportional inn between any two of these 
squares wi 2 and n', is equal to the less square plus its 
root multiplied by the difference of the roots; or also 
equal to the greater square minus its root multiplied by 
the said difference of the roots. That is, 
mil — m 1 -+- dm = n* — da; 
w here d = »» — m is the difference of their roots. 

2. An arithmetical mean between any two squares wi* 
and n\ exceeds their geometrical mean, by half the square 
of the difference of their roots. 

That is, \in * -i- | n : = win -+• id*. 

3. Of three equidistant squares in the series, the geome¬ 
trical mean between the extremes, is less than the middle 
square by the square of their common distance in the se¬ 
ries, or of the common difference of their roots. 

That is, tup = n* — d *; * 

where ni, n, p, arc in arithmetical progression, the com- 
mou difference being d. 

4. The difference between the two adjacent squares 
w»*, and n*, is n 2 — m 9 = 2 bi'+ 1 ; 

in like manner, p 2 — w 2 = 2 n -hi, the difference be¬ 
tween the next two adjacent squares n* and p *; and so 
on, for the next following squares. Hence the difference 
of these differences, or the second difference ofthc squares, 
is 2 w — 2 wi = 2 x (« —wi) = 2 only, because n — in 
= 1 ; that is, the second differences of the squares arc 
each the same constant number 2 : therefore the first 
differences will be found by the continual addition of the 
number 2 ; and then the squares themselves will be found 
by the continual addition of the first differences; and 
thus the whole series of squares is constructed by addi¬ 
tion only, as here below : 

2d Diff. 2 2 2 2 2 2 &C. 

1st Diff. 1 3 .5 7 9 H 13 &C. 

Squares 1 4 9 1 O' 25 36 49 &c. • 

And this method of constructing the table of'squarc 
numbers was first noticed by Pelctarius, in his Algobra. 

5. Another curious property, also noted by the same 
author, is, that the sum of any number of the cubes of 
the natural scries 1,2, 3, 4, &c, taken from the begin¬ 
ning, always makes a square number; and that the series 
of squares, so formed, have for their roots the numbers 

. . 1, 3, 6 , 10, 15, 21, Sec, 

thediffs. of which arc 1, 2, 3, 4, 5, 6, &C, 


viz, 


I s 

l 3 

l 3 

l 3 

l 3 




2 3 = 
2 * 

2 3 + 
2 3 -+- 


3% 

3 3 = 6 *, 

S 3 ■+• 4 1 = 16 3 ; and in general 
3 J n 1 = (1 -+-2-+-3h-h) 2 —in(n-+-1); 
where n is the number of the terms or cubes. 

6. Every odd square number, when divided by 8 , leaves 
aremainder 1. Orevery odd square is of the form 8n-*-l. 

7. Every even square is of the form 4w. Therefore no 
number of the form 4n-+-2, or 4n-+-3, is a square number. 

8 . No number of the form 2/* ± 3n 2 , can be a square. 
No number of the form 2t*~&n x can be a square. The 
following table shows many of the impossible forms for 
square number, arranged according to every modulus 
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from 2 to 11 ; that is, no number contained in any one 
of these forms can be a square. 

Table * 

Of the impossible Forms for square numbers. 


Modulus 3. 

Modulus 4 . 

Modulus 5. 

2/ 1 ± 3qn 1 

3t* ± 3p 9 

5/* ± 3qn* 

8/ 2 ± 3qn* 

1 1 /* ± 3qn' 

. 14i 2 3 qn* 

General Forms. 
(3p -h 2)1* ± 6i/n 1 
3pt' ± Sfu* 

21 2 4 qn* 

3i 2 ± 4 qn* 

6t 2 — 47 / 1 * 

71 * ± 47 / 1 * 
10/ 2 — 47 * 1 * 
ll < 2 ± \qn* 

General Forms. 

(4/>±2)t 2 ~ 4771 2 
(4p-i- 3)f* ± Aqn | 

2/’ — 5 qn' 

31* — 5qn* 

7i 2 — Sqn* 

8/ 2 57" 1 

12/ 1 — 5qn* 

13z l — 5p' 

• General Form. 

(5p ± 2)/ 1 - 5qn x 

Modulus 6. 

Modulus 7 . 

Modulus 8 .* 

2 f ± 6qn * 

3t' ± -6qn 1 

5t z ± 6</n 1 
8t' ± b'qn* 
II / 1 ± 6qn* 
14Z* ± 6qn' 
General Forms. 

(S/>-*-2)/* ± 6qn 
3 pfo-h 6qu 

4 

3z’ ± 77"’ 

St' ± 77 " 3 

6(* ± 7qri* 
10/ 2 ± 7qn* 

12z 2 ± 77"’ • 
13< 2 ± 7qn* 
General Forms. 

(7p-h3)i 9 77"« 

(7p-h5)t 9 ± 77"* 

(7p-h6)t* ± 7y" 2 | 

2 fi ± Sqn' 

31' ± 8qn' 

5/* ± Sqn* 

6 t* ± 87 a* 

10/‘ ± Sqn' 

11 /* ± 8qn* 
General Form*. 
(8p±2)/* ± Sqn • 
(8p±3)/* ± Sip' 

t 

Modulus 9- 

Moduli* 10 . 

Modti’us 11 . 

2z* ± 9y»* 

3 z* — 9?"’ 
51* ± 9qn* 

6 t' v*. 9qn* 

81 * ± 97"’ 
lit* ± 97"’ 

General Forms. 

(9p + 2 )'’± 97"’ 
(9P±3 )» 2 - 9qn' 
Sic 

2 1 * 10 qn* 

3 1 1 — lOyn 1 

7t * — IO 771 3 

8 1* ^ \0p % 

121 1 — 1Oyn* 
13/* — IO 711 * 
General Forms. 
(5/>±2)**~10i/n s 

• 

2 /« ± llqn* 
6 /« ± lip 9 

7 fi ± II 771 2 

8 /« ± 11 p 9 

“10 z 2 ± 11 ?"* 
131* ± Up*. 

General Form*. 

(npH-'iy ± 117 "* 

(1 Ip + ay ± 11 qn' 
&c 


In this table it is only necessary to remark that q mftst 
always be taken prime to the modulus. ' 

Sqvaue Root , a number considered as the root of a 
second power or square number: or a number which 
multiplied -by itaelf, produces the given number. See 
Extraction- of Roots, and also the article Root, where 
tables of squares and roots arejnserted. 

T. Square, or Tee Square, e 
arf instrument uscd_ in drawing, 
so called from its resemblance to 
the capital letter T. This instru¬ 
ment consists of two straight 
rulers a 11 and ci>, fixed at right 
angles to each other. To which 
is sometimes added a third bf, 
moveable.about the pin c, to set 
it to moke any angle with CD.— 

It is very useful for drawing paral¬ 
lel and perpendicular lines, on the 
face of a smooth drawing-board% 

SQUARED-syuare, Squared' 
cube, Sic. See Power. 
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SQUARING. See Quadrature. 

Squaring the Circle, is the? making or finding a square 
whose area shall be equal to that of a given circle. The 
best mathematicians have not yet been able to resolve 
this problem accurately, anil perhaps never will. Bu^ 
they can easily come to any proposed degree of approxi¬ 
mation whatever ; for instance, so near as not to err so 
much in the area, as a grain of sand would cover, in a 
circle whose diameter is equal to that of the orbit of Sa¬ 
turn. The following proportion is near enough the truth 
for any real use, m z, as 1 is to *88622692, so is the dia¬ 
meter of any circle, to the side of the square of an equal 
area. Therefore, if the diameter of the circle be called 
d 9 and the side of the equal square*; 

then is s = *88022692 d = nearly, 


and d = 


j 

"6b02 


= nearly. 


See Circle, Diameter, and Quadratujie. 

STADIUM, an ancient Greek long measure, said to 
contain 125 geometrical paces, or 025 Roman feet ; cor¬ 
responding to our furlong. Eight stadia make a geome¬ 
trical or Roman mile; and 20, according to Dacier, a 
French league: but according to others, 800 stadia make 
41y leagues.—Guilletiere observes, that the stadium was 
only 600 Athenian feet, which amount to 625 Roman, or 
566 French, or 604- English feet: so that the stadium 
should have been only 113 geometrical paces. It must 
be observed however, that the studiuin was different at 
different times and places. 

- Thus, according to the measures of Hipparchus, 7 69 
stadcs make a degree on a great circle of the earth, or 
about llj to the English mile. By the result of Pto¬ 
lemy's measures 7164 stades make a degree, or 10 { an 
English mile. According to Vernon, Stuart, and Cliaud- 
Jer, all of whom measured it, the Panathcnajan stadc was 
rather more than 600 Greek feet in length. Now the 
Greek foot is to the English, as 107 # 29 to 100; there¬ 
fore the length of that stadc was about 604 English feet, 
or 94 nearly Panatharan stades # werc equal to an English 
mile.—For an interesting disquisition on the different kinds 
of stades, see the .Quarterly Review, vol. 5, p. 278 &c. 

Eratosthenes, in his measurement of the earth, makes 
the circumference of it equal to 90 , 000,000 stadia, or 
one degree equal to 250,000 stadia. Now if in this va¬ 
luation we make use of the Egyptian stadium, 60 of 
which make 3024 toises, we shall have for the length 
of the degree about 35,000 toiscs, which is too little by 
the modern measurement, its fruc length being about 
57050 toises. • 

The Olympic stadium, it is said, was about 94 feet 3 
inches French measure; and supposing this to have been 
that employed by Eratosthenes, wc should have for the 
length of u terrestrial degree 65625 toiscs, which is much 
loo great. 

It follows therefore, either that we arc unacquaint¬ 
ed with the true length of the stadium, at least that em¬ 
ployed by Eratosthenes, or that this" celebrated ancient 
astronomer was much deceived in his measurement: both 
of those are probable; and perhaps some of the other 
stadia, which are mentioned by different authors, are in' 
a great measure the re^jlt only of their own imagination : 
thus, M. Picard, after fQpposing this measurement of Era¬ 
tosthenes to be exact, thence deduces the value of the 
stadium, making it equal to 51 toiifes 10 inches. 

Vol. II. 


STAFF, Almucantar's , Augural, Buck , Cross , Fore , 
Offset , SfC. See these several articles. 

STANLEY' ( Thomas), k. u. s. a learned writer, son 
of Sir Thomas Stanley, of Hertfordshire, died in West¬ 
minster April 12, 1678. lie studied ai Pembroke Hall 
in the university of Cambridge, with great credit, 
where he took the degree of a. m. 1640, alter winch he 
went on his travels. On bis return lie entered ol the 
Middle'Temple, but did not follow the l.iw. He was one 
of the early fellows of the Ro^al Society, being elected 
in July 166!, and was esteemed a very learned ami worth) 
member. He edited some of the ancient classics, with 
notes; and published several ingenious poems of his own, 
as well as some translations. But the work on account 
of which lie claims a place in this Dictionary, is his 
History of Philosophy and Lives of Philosophers, in 
folio. This was first published in 3 parts, in 1055, 
1656, and 1660 . And in 1662 caiuc out lus Chaldaic 
Philosophy also. 

STAR, Stella, in Astronomy, a general name for all 
the heavenly bodies. The stars are distinguished into 
fixed and erratic or wandering. 

Erratic or IVundering Stars, are those which arc con¬ 
tinually changing their places and distances, with regard 
to each other. These are what are properly called 
planets. Though to thc^ame class may likewise be re¬ 
ferred comets or blazing stars. 

Filed St a rs, called also barely Stars, by way of emi¬ 
nence, are those which have usually been observed to keep 
the same distance, with regard to each other. The chief 
circumstances observable in the fixed stars, are their di¬ 
stance, magnitude, number, nature, and motion. 

Distance of the Fixed Stars. The fixed stars urc so 
extremely remote from us, that wc have no distances in 
the planetary system to compare to them. 'Their im¬ 
mense distance appears from hence, that they have no 
sensible parallax ; that is, that the diameter of the earth s 
annual orbit, which is nearly 190 millions of miles, bean 
no sensible proportion to their distance. 

Mr. Huygens (Cosjnotheor. lib. 4) attempts to deter¬ 
mine the distance of the stars, by making the aperture of 
a telescope so small, that the sun through it appears no 
larger than Sirius; which he found to be only as I to 
27664 of his diameter, when seen with the naked eye. 
So that, were the sun's distance 27,664 times as much as 
it is, it would then be seen of the same diameter with 
Sirius. And hence, supposing Sirius to be a sun of the 
same magnitude with our sun, the distance of Sirius will 
be found to be 27,664 times the distance of the sun, or 
345 million times the earth’s diameter. 

I)r. David Gregory investigated the distance of Sirius 
by supposing it of the same magnitude with the sun, and 
of the same apparent diameter with Jupiter in opposi¬ 
tion: as may be seen at large in his Astronomy, lib, 3, 
prop. 47. 

Cassini (Mem. Acad. 17)7), by comparing Jupiter and 
Sirius, when viewed through the same telescope, inferred, 
that the diameter of that planet was 10 times as great as 
that of the star; and the diameter of Jupiter being 30", 
lie concluded that the diameter of Sirius was about 5 "; 
supposing then the real magnitude of Sirius to be equal to 
that of the sun, and the distance of the sun from us 
12,000 diameters of the earth, and the apparent diame¬ 
ter of Sirius being, to that of the sun as 1 to 384, the 
' 3 K 
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distance of Sirius becomes equal to 4,60S,000 diameters 
of the earth. 

1 hose methods of Huygens, Gregory, and Cassini, arc 
conjectural and precarious; botli because the sun anil 
Sirius are supposed of equal magnitude, and also because 
it is supposed the diameter of Sirius is determined with 
sufficient exactness. 

t 

Mr. Michcll has proposed an inquiry into the proba¬ 
ble parallax and magnitude of the fixed stars, from the 
quantity of light which they afford us, and the peculiar 
circumstances of their situation. With this view lie sup¬ 
poses, that they are, on a medium, equal in magnitude 
and natural brightness to the sun ; anil then proceeds to 
inquire, what would be the parallax of the sun, if lie were 
to be removed so far from us, as to make the quantity of 
the light, which we should then receive from him, no 
more than equal to that of the fixed stars. Accordingly, 
he assumes Saturn in opposition, us equal, or nearly equal 
in light to the brightest fixed star. As the mean distance 
of Saturn from the sun is equal to about 2082 of the 
sun’s semidiaineters, the density of the sun's light at Sa¬ 
turn will consequently be less than at liis own surface, in 
the ratio of the square of 2082 or 4,334,724 to 1 : if 
Saturn therefore reflected all the light that falls upon 
him, he would be less luminous in the same pro¬ 
portion. And besides, his apparent diameter, in the 
opposition, being but about the 105th part of that of 
the sun, the quantity of light which wc receive from him 
must be again diminished in the ratio of the square of 105 
or 11,025 to 1. Consequently, by multiplying these two 
numbers together, we shall have the whole of the light of 
the sun to that of Saturn, as the square nearly of 220,000 
or 48,400,000,000 to 1. Hence, removing the sun to 
220,000 times his present distance, he would still ap¬ 
pear at least as bright as Saturn, and his whole parallax 
upon the diameter of the cqrth's orbit would be less than 
2 seconds : and this must be assumed for the parallax of 
the brightest of the fixed stars, on the supposition that 
their light docs not exceed that of Saturn. 

By a like computation it may be found, that the di¬ 
stance, at which the sun would afford us as much light 
as wc receive from Jupiter, is not less than 46,000 times 
his present distance, and his whole parallax in that case, 
on the diameter of the earth's orbit, would not be more 
than 9 seconds; the light of Jupiter and Saturn, as seen 
from the earth, being in the ratio of about 22 to 1, when 
they arc both in opposition, and supposing them to re¬ 
flect equally in proportion to the whole of the light that 
falls upon them. 4 But if Jupiter and Saturn, instead of 
reflecting the whole of the light that falls upon them, 
should really reflect only a part of it, as a 4th, or a 6th, 
which may be the case, the above distances must be in¬ 
creased in the ratio of 2 or 2} to 1, to make the sun's 
light no more than equal to theirs; and his parallax would 
be less in the same proportion. Supposing then that the 
fixed stars nrc of the same magnitude and brightness with 
the sun, it is no wonder that their parallax should hi¬ 
therto have escaped observation; since in this case it 
could hardly amount to 2 seconds, and probably not 
more than one in Sirius himself, though he had been 
placed in the pole of the ecliptic; and in those that ap¬ 
pear much less luminous, as y Druconis, which is only of 
the 3d magnitude, it could hardly bo expected to bo sen¬ 
sible with such instruments as hare hitherto been used. 


However, Mr. Michcll suggests, that it is not impracticable 
to construct instruments capable of distinguishing even to 
the 20th part of a second, provided the air will admit of 
that degree of exactness. This ingenious writer appre¬ 
hends that the quantity of light which wc receive from 
Sirius, does not exceed the light we receive from the least 
fixed star of the 6th magnitude, in a greater ratio than 
that of 1000 to 1, nor less than that of 400 to 1 ; and 
the smaller stars of the 2d magnitude seem to be about a 
mean proportional between the other two. Hence the 
whole parallax of the least fixed stars of the 6tl» magni¬ 
tude, supposing them of the same size and native Lright- 
dcss with the sun, should be from about 2'" to 3 IM , and 
their distance from about 8 to 12 million times that of 
the situ: and the parallax of the smaller stars of the 2d 
magnitude, on the same supposition, should be about 
12"', and their distance about 2 million times that of 
the slip. 

This author further suggests, that, from the apparent 
situation of the stars in the heavens, it is highly probable 
that the stars arc collected together in clusters in some 
places, where they form systems, while in others there arc 
either few or none of them ; whether this disposition be 
owing to their mutual gravitation, or tosomeothcr law or 
f appointment of the Creator. Hence it uiay be inferred, 
that such double stars, &c, as appear to consist of two or 
more stars placed very near together, do really consist of 
stars placed near together,and under the influence of some 
general law : and he proceeds to inquire whether, if the 
stars be collected into systems, the sun does not likewise 
make one of some system, and which fixed stars those are 
that belong to the same system with him. 

Those stars, he apprehends, which are found in clusters, 
and surrounded by many others at a small distance from 
them, belong probably to other systems, and not to ours. 
Ami those stars, which are surrounded with nebula?, are 
probably only very large stars which, on account of their 
superior magnitude, are-singly visible, while the others, 
which compose the remaining parts of the same system, 
arc so small as* to escape our sight. And those nebulae 
in which we can discover either none or only a few stairs, 
even with the assistance of the best telesTOpes, arc proba¬ 
bly systems that arc still more distant than the rest. For 
other particulars of this inquiry, sec Philos.Trans. vol. 67* 

As the distance of the fixed stars is best determined by 
their ‘parallux, various inethpds have boon pursued, though 
hitherto without success, for investigating it; the result 
of the most accurate observations having given us little 
more than a distant approximation; from which however 
wc may conclude, that the nearest of the fixed stars can¬ 
not be less than 40 thousand diameters of the whole an¬ 
nual orbit of the earth distant from us. 1 ' i 

The method pointed out by Galileo, and attempted by 
Hooke, Flamsteed, Molyneux, and Bradley, of taking the 
distancessof such stars from the zenith as pass very near 
it, has given us a more just idea of the immense distance 
. of the stars, and furnished on approximation to their pa¬ 
rallax, much nearer the truth,^thun any we had before. 

Dr. Bradley assures us (Philos. Trans. No. 406) that 
had the parallax amounted to a single second, or two at 
most, he should have perceived it in the great number of 
observations which he made, cspclfinlly upon y Draconis; 
and that it seemed to him very probable, that the annual 
parallax of this star does not amount to a single second. 
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and consequently that it is above 400 thousand times fur¬ 
ther from us than the sun. 

But Dr. Herschel, to whose industry and ingenuity, in 
exploring the heavens, astronomy is so much indebted, te¬ 
rnaries, that the instrument used on this occasion, being 
the same with the present zenith sectors, can hardly be al¬ 
lowed capable of showing an angle of one or even two se¬ 
conds, with accuracy : and besides,,the star on which the 
observations were made, is only a bright star of the 3d 
magnitude, or a small star of the 2d ; and that therefore 
its parallax is probably much less than that of a star of 
the first magnitude. So that we are not warranted in in¬ 
ferring, that the parallax of the stars in general does not 
exceed l", whereas those of the first magnitude may have, 
notwithstanding the result of Dr. Bradleys observations, 
a parallax of several seconds. 

As to the method of zenith distances, it is liable to con¬ 
siderable errors, on account of refraction, the change of 
position of the earth's axis, arising from nutation, preces¬ 
sion of the equinoxes, or other causes, and the aberration 
of light. 

Dr. Herschel has proposed another method, by means 
of double stars, which is free from thcSe errors, and of such 
a nature, that the annual parallax, even if it should not 
exceed the 10th part of a second, may-still become visible, 
and be ascertained at least much nearer than heretofore. 
This method, which was first proposed in an imperfect 
manner by Galileo, and has been also mentioned by other 
authors, is capable of every improvement which the tele¬ 
scope and mechanism of micrometers can furnish. To 
give a general idea of it, let o and f. he 
two opposite points of the annual orbit, 
taken in llu/samo plane with two stars, a, 
n, of unequal magnitudes. Let the angle 
aob be observed when the earth is at o, 
and a EB be observed when the earth is at 
r. From the difference of these angles, 
when there is any, the parallax of the stars 
may be computed, according to the theory 
subjoined. These two stars ought to bo 
as near ns possible to each other, and also 
to differ as much in magnitude as wc can 
find them. 

This theory of the annual parallax of double stars, with 
the method of computing from thence what is usually 
culled the parallax of the fixed stars, or of single stars of 
the first magnitude, such as are nearest to us, supposes 1st, 
that the stars are all about the size of the sun ; and 2dly, 
that the difference in their apparent magnitudes, isowing 
to their different distances, so that a star of the 2d, 3d, or 
4th magnitude, is 2, 3, or 4 times as far off as one of the 
first. These principles, which Dr. Herschel premises as 
postulate, have so great a probability in their favour, that 
they will scarcely be objected to by those who are in the 
least acquainted with tile doctrine of chances. See Mr. 
Miehcll’i Inquiry, &c, already cited. And Philos. Trans, 
vol. 5 7y pa. 234- 240. Also Dr. Halley, on the Num¬ 
ber, Order, and Light of the fixed Stars, in the Philos. 
Trans, vol. 31. 

Therefore, let Bo be the whole diameter of the earth's 
annual orbit; and let a, b, c be three stars situated 
in the ecliptic, in such n manner, that they may appear 
all in one line oabc when the earth is at o. Now if 
oa, ab, bc be equal to each other, a will bo a star 



of the first magnitude, b ol the second, 
and c of the third. Lvt us next suppose 
the angle oaf, or parallax of the whole 
orbit of the earth, to be l" of a degree ; 
then, because very small angles, having 
the same subtense eo, may be considered 
as in the inverse ratio of the lines o a. ob. 


oc, «N:c, we shall have ebo = 4 


n 


. * aim 

lco = j", &e, also because ea = ab 
nearly, the angle af.b = a be — 4" ; and 
because bc = 4 bo = {be nearly, the 
angle blc = V *ce = and hence 
abc = £ s = ywhence it fol¬ 
lows that, when the earth is at e, 
the stars a and b appear at y" distant 
from each other, the stars a and c at 
-J" distant, and the stars b and c only 
i" distant. In like manner may bc de¬ 
duced a general expression for the 
parallax that will become visible in the 
change of distance between the two 
stars, by the removal of the earth from one extreme of her 
orbit to the other. Led P denote the total parallax of a 
fixed star of the magnitude of the HI order, and m the 
number of the order of a smaller star, p denoting the par¬ 
tial parallax to be observed by the change in the distance 

of a double star ; then is p = or P = 


/ 


Jtz 



or 


m 


- M* 

which gives P 9 when p is found by observation. 

For lix. Suppose a star of tlie 1st magnitude should 
have a small star of the 12th magnitude near it; then will 
the partial parallax we are to expect to see le 

j*2 — 1 

—— —P = yyP, or -J4 the total parallax of the larger 

star; and if we should, by observation, find the partial 
parallax between two such stars to amount to 1 ,# , then will 
the total parallax P = 44 P — 1 Vr- Again, if the stars 
be of the 3d and 24th magnitude, the total parallax will 

■ *24 

be P = = u P — so that, if by observation 

p be found to bc T x 9 of a second, tljc whole parallax Pwill 
amount ^ = 0-11428 7 . 

Further, the stars being still in the ecliptic, suppose they 
should appear in one line, when the earth is in some other 
part of her orbit between e and o ; then will the parallax 
bc still expressed by the same algebraic formula, and one 
of the maxima will still lie at e, the other at o ; but the 
whole effect will be divided into two parts, which will be 
in proportion to each other, as radius — sine to radius 
sine, of the star's distance from the nearest conjunction 
or opposition. 

When the stars are any where out of the ecliptic, si- 
tuutcd so as to appear in one line oabc perpendicular to 
eo, the maximum of parallax will still be expressed by 
M 


•P; but there will arise another additional parallax 

... , 

in the conjunction and opposition, which will be to that 
which is found <)0 o before or after the sun, as the sine (.) 
of the latitude of the stars seen at o, is to radius (1); and 
the effect of this parallax will bc divided into two parts; 
half of it lying on one side of the large star, the other half 
on the other side of it. And this latter parallax will ulso 
be compounded with the former, so that the distanco of 
the stare in the conjunction and opposition will then b* 

3K2 ' 
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represented by the diagonal of a parallelogram, whose sides 
are the two scmiparallaxcs ; a general expression for which 

will be —-1 s x y or \py/ 1 

m 

When the stars are in the pole of the ecliptic, s will be 
= 1 , and the last formula becomes \py/^- = '7071/>• 
Again, let the stars be at some distance, as 5'\ from each 
other, and let them be both in the ecliptic. I his case is 
resolvable into the first; for imagine the 6tar a to be si¬ 
tuated at i ; then the angle aei may be accounted equal 

to a Of ; and as the foregoing formula, p = 


m - Af 


gives us the angles aeb, aec, wo are to add aei or 5 ,; to 
aeb, which w ill give ilb. In general, let the distance of 
the stars he d y and let the observed distance at e be D ; 
then will D = d -t- p 9 and therefore the whole parallax 

of the annual orbit will be. expressed by m —^Dd == P. 

Suppose now the stars to differ only in latitude, one 
being in the ecliptic, the other at some distance as 5 19 
north, when seen at o. This case may also be resolved by 
the former ; for imagine the stars b and c to be elevated 
at right angles above the plane ot the figure, so that aob, 
or aoc, may make an angle of 5" at o ; then instead ot 
the lines oabc, ea, eb, ec, imagine them all to be planes 
at right angles to the figure; and it will appear that the 
parallax of the stars in longitude, must be tlie same ns if 
the small star had been without latitude. And since the 
stars n, c, by the motion of the earth from o to E, will not 
change their latitude, wc shall have the following con¬ 
struction for finding the distance of the stars ad and ac 
at e, and from thence the parallax P. 

Let the triangle abf 3 represent the situation of the stars; 
ab is the subtense of 5”, the angle under 
which they arc supposed to be seen at o. 

The quantity bf3 by the former theorem 

is found = m ~ Ar P, which is the par- • 



tinl parallax, that would have been seen 
by the earth’s moving from » to E, if both 
stars had been in the ecliptic ; but, on uc- 
count of the difference in latitude, it will now be repre¬ 
sented by of 3, the bypotbcnusc of the triangle ubfi : there¬ 
fore in general, puttiqg ab = d, a@ = D, wc have 


m 


y/D l — d 1 = P. Ilcncc, D being found by obscr- 

vation, and the three d, m, M given, the total parallax 
is obtnined. \ • i 

When the stars differ in longitude as well as latitude, 
this case may be resolved in the following manner. Let 
the triangle abf .3 represent the situa¬ 
tion of the stars, ab = d being their 
distance seen at o , = D their 

distance seen at E. That the change 
6/3, which is produced by the earth's 
motion, will bo truly expressed by 
i n — At 


m 


P , may be proved as before, 



by supposing the star a to have been 
pluccd at a. • Now let the angle of position baa be taken 
by a micrometer, or by any other method sufficiently 
exact; then, by resolving the triangle aba f wc obtain the 
Jongituilinal and latitudinal differences aa and la of the 


two stars. Put aa = x, ba = y, and it will be x + fc/3 
= aq , whence 

D = ^/((x - t ^-P) % -**); and P = 

If neither of the stars should be in the ecliptic, nor 
have the same longitude or latitude, the last theorem will 
still serve to calculate the total parallax, whose maximum 
will lie in e. There will also arise another parallax, 
whose maximuiji will be in the conjunction and opposi¬ 
tion, which will be divided, and lie on different sides of the 
large star; but as the whole parallax is extremely small, 
it is not necessary to investigate every particular case of„ 
this kind ; for by reason of the division of the parallax, 
which renders observations taken at any other time, ex¬ 
cept where it is greatest, very unfavourable, the formula 
would be of little use. 

Dr. Uerschel closes his account of this theory, with a 
general observation on the time and'place where the 
maxima of parallax will happen. Thus, when two un¬ 
equal stars are both in the ecliptic, or, not being in the 
ecliptic, have equal latitudes, north or south, and the 
larger star has most longitude, the maximum of the ap¬ 
parent distance will be when the sun’s longitude is $0° 
more than the star’s, or when observed in tho*morning: 
and the minimum, when the longitude of the sun is 90 . 
less than that of the star, or when observed in the evening. 
But when the small star has most longitude, the maximum 
and minimum, as well as the time of observation, will be 
the reverse of the former. And when the stars differ ia 
latitude, this makes no alteration in the place of tbc 
maximum or minimum, nor in the time of observation; 
that is, it is immaterial which of the two stars has the 
greater latitude. Philos. Trans, vol.72, art. 11. 

The distance of the star y Draconis appears, by Brad¬ 
ley’s observations, already recited, to be at least 400>000 
times that of the sun, and the distance of the nearest 
fixed star, not less than 40,000 diameters of the earth's 
annual orbit: that is, the distance from, the earth* 

* of the former at least - - 38 , 000 , 000 , 000,000 miles* 
and the latter not less than - 7,600.000,000,000 miles* 

As these distances, arc immensely great, it may both bo 
amusing, and assist in giving a more familiar idea* to com¬ 
pare them with the velocity of some moving body, by 
which they may bo measured. 

The swiftest motion we know of, is that of light, which 
passes from the sun to the earth in about 8 minutes; and 
yet even this would be above 6 years traversing the first 
space, and near a year and a quarter in passing from the 
nearest fixed star to the earth. But a cannon,ball, moving 
on a medium at the rate of about 20 miles in a minute* 
would be 3 •million 8 hundred thousand years in passing 
from y Draconis to the earth, and 760 thousand years in 
passing from the nearest fixed star.. Sound, which moves 
at the rate of about 13 miles in a minute, would be_5 mil¬ 
lion 600 thousand-years in traversing the former di¬ 
stance, and 1 million 128 thousand, in passing through 
the Utter. / 

The celebrated Huygens pursued speculations of this 
kind so far, as to believe it not impossible, that there-^ay 
bo stars at such inconceivable distances, that their light 
has not yet reached the e^rth since their creation. | 

Dr. Halley has also advanced, what he says seems to 
be a metaphysical paradox (Philos. Trans, number 364), 
vir, that the number of fixed stars i^ust be^roore than 


S T A 


S T A ' [ 437 J 


finite, and some of them at more than a finite distance 
from others: and Addison has justly observed, that this 
thought is far from being extravagant, when we consider 
that the universe is the work of infinite power, prompted 
by infinite goodness, and having an infinite space to exert 
itself in ; so that our imagination can set no bounds to it. 

Magnitude of the fixed Stars, 'lhe magnitudes of the 
stars appear to be very different from one another; which 
difference may probably arise, partly from a diversity in 
their real magnitude, hut principally from their different 
distances. To the bare eye, the stars appear of some 
sensible magnitude, owing to the glare of light arising from 
the numberless reflections from the aerial particles 6cC 
about the eye ; this makes us imagine the stars to be much 
larger than they would appear, it we saw them only by 
the few rays which come directly from them, so us to 
enter our eyes without being intermixed with others. Any 
person may be sensible of this, by looking ut a star of the 
first magnitude through a long narrow tube; which, 
though it takes in as much of the sky as would hold a 
thousand such stars, scarce renders that one visible. 

The stars, on account of their apparently various sizes, 
have been distributed into several classes, called magni¬ 
tudes. The 1st class, or stars of the first magnitude, arc 
those that appear largest, and may probably be nearest to 
us. Next to these, are those of the 2d magnitude; and 
so on to the Oth, which comprehends the smallest stars 
visible to the naked eye. All beyond these, that can be 
perceived by the help of telescopes, are called telescopic 
stars. Not’ that all the stars of each class appear exactly 
of the same magnitude; there being great difference in this 
respect; and tfiose of the first magnitude appearing al¬ 
most all different in lustre and size. There are also other 
stars, of intermediate magnitudes, which astronomers 
cannot refer to one class more than another, and there¬ 
fore they place them between the two. Procypn, tor in¬ 
stance, which Ptolemy makes of the first magnitude, and 
Tycho of the 2d, Flamsteed lajs down as between the 1st 
and 2d. So that, instead of 6 magnitudes, we may say 
there are almost as many orders of stars, as there arc stars; 
on account of the great variations observable in the mag¬ 
nitude, colour, and brightness of them. 

There seems to be but little probability of discovering 
with certainty the real size of any of the fixed stars ; wc 
must therefore be content with an approximation, de¬ 
duced from their parallax, if this should ever be found ; 
and the quantity of light they afford us, compared with 
that of the sun. And to this purpose, Dr. Herschcl in¬ 
forms us, that with a magnifying power of 6*450, and by 
means of his new micrometer, be found the apparent di¬ 
ameter of a, Lyra to be 0"*355. 

The sura arc also distinguished, witlJ regard to their 
situation, into asterisms, or constellations; which are only 
assemblages of several neighbouring stars, considered as 
constituting some determinate figure, as of an animal, 
&c, from vfrhich it is therefore denominated : a division 
as ancient as the book of Job, in which mention is made 
of Orion, the Pleiades, &c. 

Besides the stars thus distinguished into magnitudes 
and constellations, there are others not reduced to either. 
Those not reduced into constellations, are called informes, 
or unformed stars; of which kind several, so leftat large 
by the ancients, have since been formed into new constel¬ 
lations by the modern astronomers, and especially by 
Ilcvelius. Those not Teduccd to classes or magnitudes. 


arc called nebulous stars; but such as only appear faint¬ 
ly in clusters, in form of little lucid spots, nebula;, or 
clouds. 

Ptolemy mentions five of such nebula.*, viz, one at the 
extremity of the right hand of Perseus, which appears 
through the telescope, thick se t with star^; one in the 
middle of the crab, called Praesepe, or the Manger, in 
which Galileo counted above 40 stars ; one unlormed 
near the sting of the Scorpion ; another in the eye of Sa¬ 
gittarius, in which two stars may be seen in a clear sky 
with the naked eye, and several more with the telescope; 
and the filth in the head of Orion, in which Galileo 
counted 21 stars. 

Flamsteed observed a cloudy star before the bow of 
Sagittarius, which consists of a great number of small 
stars ; and the star d above the right shoulder of this 
constellation is encompassed with several more. Flam¬ 
steed and Cassini also discovered one between the great 
and little dog, which is very full of stars, that are visible 
only by the telescope. 

But the most remarkable of all the cloudy stars, is that 
in the middle of Orion’s swoid, in which Huygens and 
Dr. Long observed 12 stars, 7 ol which (3 ol them, now 
known to be 4, being very close together) seem to shine 
through a cloud,.very lucid near the middle, but faint 
and ill defined about the edges. But the greatest disco¬ 
veries of nebula; and clusters of stars, wc owe to the 
powerful telescopes of Di. Ilcrschel, who has given ac¬ 
counts of some thousands of such nebula;, in many of 
which the stars seem to be innumerable, like grains of 
sand on the sea shore, or, as Milto r has so beautifully de¬ 
scribed the milky way, they seem powdered with stars. 
Sec Philos. Trans. 1734, 1735, 1730, 17NS). See Ga¬ 
laxy, and Magellanic Clouds, and lucid Spots. 

Cassini is of opinion, that the brightness of these pro¬ 
ceeds from stars so minute, as not to he distinguished by 
the best glas>cs: and this opinion is fully confirmed by 
the observations of Dr. Herschcl, whose powerful tele¬ 
scopes show those lucid specks to be composed entirely of 
masses of small stars, like heaps of »and. 

There are also man) stars which, though they appear 
single to the naked eye, are yet discovered by the tele¬ 
scope to be double, triple, 6cc. Of these, several have 
been observed by Cassini, Hooke, Long, Maskelyne, 
Hornsby, Pigott, Mayer,&c ; but Dr. Ilcrschel has been 
much the most successful in observations of this kind; 
and his success has been chiefly owing to the very extraor¬ 
dinary magnifying powers of the Newtonian 7 feet reflector 
which he has used, and the advantage of an excellent 
micrometer of his ow n construction. The powers which 
lie has used, have been 146*, 227, 278, 46*0, 754, 932 r 
115.9, 1536*, 2010, 3 1 68, and even 6450. l ie has al¬ 
ready formed a catalogue, containing 26*9 double stars, 
2 27 of which, as far as he knows, have not been noticed 
by any other person. /Among these there are also somo 
stars that are treble, double-double, quadruple, double- 
treble, and multiple. His catalogue comprehends the 
names of the stars, and the number in Flamsteed's cata¬ 
logue, or such a description of those that are not con¬ 
tained in it, Q9 will be found sufficient to distinguish them ; 
also the comparative size of the stars; their colours as 
they appeared to his view ; their distances determined in 
several different ways; their angle of position with regard 
to the parallel of declination; and-the dates when he first 
perceived the stars to be double, treble, &c. His obser- 
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vations appear to commence with the year 1776, hut 
ill most all of them were made in the years 1779* 1780, 
1781. 

Dr. Mcrschcl has distributed the double stars contained 
in his catalogue, into 6 different classes. In the first he 
has placed all those which require a very superior tele¬ 
scope, with the utmost clearness of air, and every other 
favourable circumstance, to be seen at all, or well enough 
to judge of them ; and there are 24 of those. To the 2d 
class belong all those double stars that are proper lor es¬ 
timations by the eye, and very delicate measures by the 
micrometer; the number being 38. The 3d class com¬ 
prehends all those double stars, that are between 5 " and 
lo" asunder; the number of them being 46'. The 4th, 
5th, and 6th classes contain double stars that are from 
15'' to 30", and from 30" to l\ and from l' to 2' or more 
asunder ; of which there arc 44 in the 4th class, 51 in the 
5th class, and 66 in the 6th class: the last of this class is 
% Tauri, number S7 of Flamsteed, whose apparent dia¬ 
meter, on the meridian measured with a power of 460 at 
a mean of two observations l" 46 m , and with a power of 
932 at a mean of two observations l" 12'". bee the list 
at large, Philos. Trans, vol. 72, art. 12. 

The stars are also distinguished, in each constellation, 
by numbers, or by the letters of the alphabet. This kind 
of distinction was introduced by John-Bayer, in his Ura- 
nomelria, 1654; where he denotes the stars, in each con¬ 
stellation, by the letters of the Greek alphabet, cl, y % 
o, e, 6c c, viz, the most remarkable star of each by a, the 
2d by /3, the 3d by y, &c; and when there are more stars 
in a constellation than the characters in ihe Greek alpha¬ 
bet, he denotes the rest, in their order, by the Roman 
letters A, b, c, d, 6cc. But as the number of the. stars, 
that have been observed and registered in catalogues, since 
Bayer's time, is greatly increased, as by Mamstecd and 
others, the additional ones have been marked by the or¬ 
dinal numbers 1, 2, 3, 4, 5, 6* c. 

The Number of Stars. The number of the stars ap¬ 
pears to be immensely great, perhaps infinite ; yet have 
astronomers long since ascertained the number of such as 
arc visible to the eye, which are much fewer than at first 
sight could be imagined. See Catalogue of the St ars 
Of the 3000 contained in Flamsteed’s catalogue, there arc 
many that arc only visible through a telescope; and a 
good eye scarce ever sees more than a*thousand at the same 
time in the clearest heaven ; the appearance of that im¬ 
mense number which arc frequent in clear winter nights, 
arising from our sight's being deceived by, their twinkling, 
and* from our viewing them confusedly, and not reducing 
them to any order. But nevertheless we cannot but 
imagine that the stars arc almost, if not altogether, infinite. 
See Halley, on ihe number, order, and light of the fixed 
stars, Philos. Trtths. number 364. 

Riccioli, in his New Almagest, affirms, that a man who 
shall say there arc above 20 thousand times 20 thousand, 
would say nothing improbable. For a good telescope, 
directed indifferently to almost any point of the heavens, 
discovers multitudes that are lost to the naked eye; par¬ 
ticularly in the milky way, which some take to be an as¬ 
semblage of stars, too remote to be seen singly, but so 
closely disposed as to give a luminous appearance to that 
part of the heavens where they are. And this fact has 
been confirmed by Hcr$chcl's observations: though it is 
disputed by others, who contend that the milky way must 
be owing to some other cause. 


In the single constellation of the Pleiades, instead of 6, 

7, or S stars seen by the best eye; Dr. Hooke, with a tele¬ 
scope 12 feet long, told 78, and with larger glasses many 
more, of different magnitudes. And F. de Rheita affirms, 
that lie has observed above 2000 stars in the single con-' 
stcllation of Orion. The same author found above,I 88 in 
the Pleiades. And Huygens, looking at the star in the 
middle of Orion’s sword, instead of one, found that there 
were 12. Galileo found 80 in ihe space of the belt of 
Orion’s sword, 21 in the nebulous star of his head, and 
above 500 in another part of him, within the compass of 
one or two degrees space, and more than 40 in the nebu¬ 
lous star Prasscpo. , • 

The Changes that have.happened in the Stars are very 
considerable. T he first change that is on, record, was 
about 120 years before Christ; when Hipparchus, dis¬ 
covering a new star to appear, was first induced to make 
a catalogue of the stars, that posterity might perceive any 
future changes of tlie like nature. 

In the year 1572, Cornelius Gemma and Tycho Brahe 
observed another new star in the constellation Cassiopeia, 
which was likewise the occasion ol I’ycho's making a new 
catalogue. At fir^t its magnitude and brightness exceeded 
the largest of the stars, Sirius and Lyra ; and even equalled 
the planet Venus when nearest the earth, and was seen in 
fair day-light. It continued 16 months; toward? the latter 
end of which it began to dwindle, and at length, in March 
1574, it totally disappeared, without any change of place 
in all that time. 

Leovicius tells us of another star appearing in the same 
constellation, about the year 945, which.resembled that 
of 1572; and lie quotes another ancient observation, by 
which it appears.that a new >tar was seen about the same 
place in 1264. Dr. Keil thinks the$c were all the same 
star; and indeed the periodical intervals, or distance of 
time between these appearance*, were nearly equal, being 
from 318 to 319 years; and if so, its next appearance 
may be expected about 1890. 

Fubricius, in 1596, discovered another new star, called 
the Stella mira, or wonderful star, in the neck of the w hale, 
which has since been found to appear and disappear pe¬ 
riodically, 7 times in 6 years, continuing in its greatest. 
lustre for 15 days together; and is never quite extin¬ 
guished. Its epurse and motion are described by Bulliald, 
ina treatise printed at Paris in l667« Ur. Hcfschcl has . 
lately, via, in the years 1777 y 177S, 1779# and 1780# 
made several observations on this star, an account of which 
may be seen in the Philos. Trans, vol. 70, art. 21. 

In the year l600, William Japsen discovered a change¬ 
able star in the neck oj the Swan, which gradually de¬ 
creased till it became so small as to be thought to dis¬ 
appear entirely, till the years 1657, 1658, and l659> when 
it regained its former lustre and magnitude; but soon de¬ 
cayed again, and is now of the smallest size. 

• In the Vear 1604, a new star, was seen by Kepler, and 
several of his friends, near the heel of .the right foot oi 
Serpentarius, which was particularly bright and spark¬ 
ling; and,it was observed to be every moment cnqnginp 
into some of the colours of the rainbow#, except when it is 

near the horizon, at which time it was generally vhxlc. 
It surpassed Jupiter’in magnitude, but was easily distin¬ 
guished from him, by the steady light oflthe planet, it 
disappeared about jhp end of the year I<}05, and bas .no 

been seen since that' time. * 2 , . 

Simon Marius discovered another iu Andromeda s girdle, 
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in 16'12 and lfil3 ; though liulliald says it had been seen 
before, in the 1.5th century. 

In July 1670, 1 levelius discovered a second changeable 
star in the Swan, which was so diminished in October as 
to be scarce perceptible. In April following it regained 
its former lustre, but wholly disappeared 111 August. In 
March l6?2 it was seen again, but appeared very small, 
and has not been visible since. 

In I6s6* a third changeable star was discovered by Kir- 
chius in the bwan, viz, the star % of that constellation, 
which returned periodically in about 405 days. 

In 1072-Cassini saw a star in the neck of the Bull, which 
bethought was not visible in Tycho's time, nor when Bayer 
made his figures. 

Jt is certain, from the old catalogues, that many of the 
ancient stars are not now visible. This lias been particu¬ 
larly remarked with regard to the Pleiades. 

hi. Montanan, in his letter to the Royal Society in 
1670, observes that there are now wanting in the heavens 
two stars of the 2d magnitude, in the stern of the ship 
Argo, and its yard, which had been seen till the year 
1604. When they first disappeared is not known ; but he 
assures us there was not the least glimpse of them 111 )668. 
Me adds, that he has observed many more changes in the 
fixed stars, even to the number of a hundred. And many 
other changes of the stars have been noticed by Cassini, 
Maraldi, and other observers. See Gregory's Astion. 
lib. 2, prop. 30. 

But the greatest numbers of variable stars have been 
observed-of late years, and the most accurate observations 
mude on their periods, &c, by Hcrschel, Goodricke, 
Pigott, &c, in the late volumes of the Philos. Trans, par¬ 
ticularly in the vol. for 1786* where the last of these gen¬ 
tlemen has given a catalogue of all that have been hitherto 
observed, with accounts of the obscivations that have been 
made upon them. 

Various hypotheses have been devised to account for 
such changes mid appearances in the stars. It is not pro- 
, bablc they could lie comets, as they had no parallax, 
even when largest and brightest. It has been supposed 
that the periodical stars have vast -dark spots, or dark 
sides, and very slow rotations on their axes, by which 
means they must disappear when the darker side is turned 
towards us. ‘ And as for those which breuk out suddenly 
with such lustre, these may perhaps be suns whose fuel is 
almost spent, and again supplied by some of their.comets 
fuiliug upon them, and occasioning an uncommon blaze 
and splendor for some time; which it is conjectured may 
be one use of the cometary part of our system. 

Maupertuis, in his Dissertation on the Figures of the 
Celestial Bodies (pa. 61—6a), is of opinion that some stars, 
by their prodigious swift rotation on their axes, may not 
only assume the figures of oblate spheroids, but that by 
the great centrifugal force arising from such rotations, 
they may become of'the figures of mill-stones, or be re¬ 
duced to flat circular planes, so thin as to be quite in¬ 
visible when their edges are turned towards us, as Saturn's 
ring is in such position. But when very cxccnlric planets 
or comets go round any flat star in orbits much inclined 
to its equator, the attraction of the planets or comets In 
their perihelion® must alter the inclination of the axis 
of that star; ou which account it will appear more 
or less large and luminous, as its broad side is more or 
less turned towards u®. And ..thus he imagines wc may 
account for the .apparent change® of magnitude and 


lustre of those stars, and also for their appearing uinl 
disappearing. 

Hevelius apprehends (Cometograph. pa. OSO), that the 
sun and stais are suirounded with atmospheres, and that 
by whirling round their axes with gr<*at rapidity, they 
throw ofl'great quantities of matter into those atmospheres, 
and so cause great changes in them ; and that thus it may 
come to pass that a star, which, whm its atmosphere is 
clear, shines out with great lustre, may at another lime, 
when it is full of clouds and thick vapour®, appeal greatly 
diminished in brightness and magnitude, or even become 
quite invisible. 

Nature of the fixed Stars. The immense distance of 
the stars leaves us greatly at a loss about the nature of 
them. What we can gather for certain from their pheno¬ 
mena, is as follows: 1st, That the fixed stars are greater 
than our earth : because if that were not the case, they 
could not be wsible at such an immense distance.. 2nd, 
The fixed stars are farther distant from the earth than the 
farthest of the planets. For wc frequently find the fixed 
stars hid behind the body of the planets : and besides, they 
have no parallax, which the planets have. 3rd, The fixed 
stars shine with their own light; tor they arc much farther 
from the sun than Saturn, and appear much smaller than 
Saturn ; but since, notwithstanding this, they are found 
to shine much brighter than that planet, it is evident they 
cannot borrow their light from the same source as Saturn 
does, viz, the sun ; but since we know of no other lumi¬ 
nous body beside the sun, whence they might derive their 
light, it follows that they shine with their own native 
light. 

Besides, it is known, that the more a telescope magni¬ 
fies, the less is the aperture through which the star is seen; 
and consequently, the fewer rays it admits into the eye. 
Now since the stars appear less in a telescope which mag¬ 
nifies two hundred times, than they do to the naked eye, 
insomuch that they seem to be only indivisible points, it 
proves at once that the stars areat immense distances from 
us, and that they shine.by their own proper light. It they 
shone by borrowed light, they would be as invisible with¬ 
out telescopes as the satellites of Jupiter arc; for these sa¬ 
tellites appear larger when viewed with a* good telescope 
than the largest fixed stars. Hence, 1. We deduce, that 
the fixed, stars arc so many suns ; for they have ull the 
characters of suns. .2.* That in all probability the stars 
are not smuller than our sun. 3. That it is highly pro¬ 
bable each star is the centre of a system, and has planets 
or earth® revolving round it, in the same manner as round 
our sun, i. e. it has opaque bodies illuminated, warmed, 
and cherished by its light and heat. As we have incom¬ 
parably more light from the moon than from all the stars 
together, it is absurd to imagine that the stars were made 
for no other purpose than to cast a faint light upon the 
earth ; especially since many more require the assistance 
of a good telescope to find them out, than are visible with¬ 
out that instrument. Our sun is surrounded by a system 
of planets and comets, all which would be invisible from 
the nearest tixejj star; and from what we already know of 
the immense distance of the stars, it is easy to infer, that 
the sun, seen from such a distance, would appear no larger 
than a star of the first magnitude. 

iFrom all this it is highly probable, that each star is a 
sun to a system of worlds moving round it, though uu*ecn 
by us ; especially as the doctrine of a plurality of worlds 
is rational, and greatly manifests the power, the wisdom. 
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and the goodness of the great Creator. How immense, 
then, does the universe appear! Indeed, it must either be 
infinite, or infinitely near it. 

Kepler, it is true, denies that each star can have its 
system of planets as ours has ; and takes them all to be 
fixed in the same surface or sphere ; urging, that were one 
twice or thrice as remote as another, it would be twice or 
thrice as small, supposing their real magnitudes equal; 
whereas there is no difference in their apparent magnitudes, 
justly observed, at all. Hut to this it is opposed, that 
Huygens has not only shown, that fires and flames are vi¬ 
sible at distances where other bodies, comprehended under 
equal angles, disappear ; but it should likewise seem, that 
the optic theorem about the apparent diameters ol objects, 
being reciprocally proportional to their distances from 
the eye, does only hold while the object has some sensible 
ratio to its distance. 

For periodical stars, &c, see Changes, of Stars, 
supra. 

Motion of the Sr a us. The fixed stars have several kinds 
of apparent motion ; one called the first, common, or di¬ 
urnal motion, arising from the earth's rotation about its 
axis; and by which they seem to be carried along with 
the sphere or firmament, in which they appear fixed, round 
the earth, from east to west, in the space of 24 hours. 

The other, called the second, or proper motion, is that 
by which they appear to go backwards from west to cast, 
round the poles of the ecliptic, with an exceeding slow 
motion, as describing a degree of their circle only in the 
space of 714 years, or 50} seconds in a year. This ap¬ 
parent motion isowing to the recession of the equinoctial 
points, which is 50} seconds of a degree in a year back¬ 
ward, or contrary to the order of the signs of the zodiac. 
In consequence of this second motion, the longitude of the 
stars will be always increasing. Thus, for example, the 
longitude of Cor Leon is was found at different periods, to 


bo as follows : viz, 

Year. . Long. 

By Ptolemy, in - - 138 to be 2° 30' 

By the Persians, in - 1115 - - - 17 30 

By Alphonsus, in - - 1364 - - -• 20 40 

By Prince of Hesse, in 158(> - - - 24 11 
By Tycho, in * - - l601 --- 24 17 

' By Flamsteed, in - - 1690 - - - 25 31} 


Whence the proper motion of the stars, according to the 
order of the signs, in circles parallel to the ecliptic, is easily 
inferred. 

It was Hipparchus who first suspected this motion, on 
comparing Ins own observations with those of Timocharis 
and Aristyllus. Ptolemy, who lived three centuries after 
Hipparchus, demonstrated the same by undeniable argu¬ 
ments. The* increase of longitude in a century, as stated 
by different astronomers, is as follows : * ; • t 

By Tycho Brahe - - - 1° 25' O'' 

Copernicus - - - - 1 23 40} 

Flamsteed and Riccioli 1 23 20 

Bullinld 1 24 54 

Hevelius - - - - 1 24 46} 

Dr. Bradley, &c. - - *1 23 55 

which is at the rate of 50} seconds per year. 

From these data, the increase in the longitude of a star 
for any given time, is easily found, and thence its longitude 
at any time : ex.gr. the longitude of Sirius, in Flamsteed's 
tables, for the year IG 90 , being 9 ° 49 r Iits longitude for 
the year J 800, is found by multiplying the interval of time, 


viz, 110 years, by 50}, the product 5537", or 1° 32> 17*, 
added to the given longitude 9° 49 f l f/ gives the longitude 
11° 21' IS" for the year 1800. 

The chief phenomena of the fixed stars, arising from 
their common and proper motion, besides their longitude, 
arc their altitudes, right ascensions, declinations, occupa¬ 
tions, culminations, risings, and settings. 

Some have supposed that the latitudes of the stars arc 
invariable. But this supposition is founded on two as¬ 
sumptions, winch are both controverted among astrono¬ 
mers. The one of these is, that the orbit of the eartb con- . 
tinucs unalterably in the same plane, and consequently 
that the ecliptic is- invariable; the contrary of which is 
now very generally allowed. 

The other assumption is, that the stars arc so fixed as 
to keep their places immoveably. Ptolemy* Tycho, and 
others, comparing their observations with those o! the an¬ 
cient astronomers, have adopted this opinion. But from 
the result of the comparison of the best modern observa¬ 
tions, with such as were formerly made with any tolerable 
degree of exactness, there appears to have been a real 
change in the position of some of the fixed stars, with re¬ 
spect to each other; and several stars of jhe first magni¬ 
tude have already been observed, and others suspected, to 
have, a proper motion of their own. 

Dr. Halley (Philos. Trans. No. 355), has observed, that 
the three following stars, the Bull's eye, Sirius, and Aro- . 
turns, arc now found to be above half a degree more 
southerly than the ancients reckoned them: that ibis dif¬ 
ference cannot arise from the errors of the transcribers, 
because the declinations of the stars, set down by Ptole¬ 
my, as observed by Timocharis, Hipparchus, and himself, 
show their latitudes given by him arc such as those au¬ 
thors intended : and it is scarce to be believed that those 
three observers could be deceived in so plain a matter. To 
this he adds, that the bright star in the shoulder of Orion 
has, in Ptolemy, olmost a whole degree more southerly 
latitude than at present: that an ancient observation, 
made at Athens in the year 509* Bulliald supposes, of 
an appulsc of the moon to the Bull's eye, shows that star 
to hav^ hud less latitude at that time than it now has: 
that as to Sirius, it appears by Tycho's observations; that 
he found him 4}' more northerly than he is at this lime. 
All these observations, compared together, seem to favour 
an opinion, that some of the stars have a proper motion of 
their own, which changes their places in the sphere of the 
heavens: this change of place, as Dr. Halley observes, 
may show .itself in.so long a time as 1800 years, though it 
be entirely imperceptible in the space of one single cen¬ 
tury; and it is likely to be soonest discovered in such 
stars ns those just now mentioned; because they arc all 
of the first magnitude, and may, therelore, probably be 
some of the nenirst to our solar system. Arcturus, in 
particular, affords a strong proof of this : fosif its present 
declination be compared with its place, as determine 
cither'by Tycho or Flamsteed, the difference will be found 
to be much greater than yb’atxan be suspected to arise 
from the uncertainty of their observations. See Abctu- 
uus, and Mr. Hornsby's inquiry into the quantity and 
direction of the proper motion of Arcturus, Phil, lrans. 

vol. 63, part 1, po. 93, &c. * ^I 

For an account of Dr. Bradley's observations, see too 

sequel of this article, also Aberration. ** 

Dr. Hcrschel has also lately observed, that the distance 
of the two stars forming the doublejstar v Draconis, is 
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54 " 46 ’", and their position 44° 19' N. preceding. Where¬ 
as. from the right ascension and declination ot these stars 
in Flamsteed s catalogue, their distance, in Ins tune, ap- 
pears to have been 1 ; 11"*418, and their position 44 J 23 f 
N. preceding. Hence he inters, that as the difference in 
the distance of these two stars is so considerable, we can 
hardly account for it, otherwise than by admitting a pro¬ 
per motion in one or the other of the stars, or in our solar 
system : most probably he says, neither of the three is at 
rest. lie also suspects a proper motion in one ot the dou¬ 
ble stars, in Cauda Lyncis Media, and in o Ceti. Phil. 
Trans, vol. 72, part 1, pa. 117, 143, 150. 

It is reasonable to expect, that other instances of the 
like kind must also occur among the great number ot vi¬ 
sible stars, because their relative positions may be altered 
by various means For if our own solar system be con¬ 
ceived to change its place with respect to absolute space, 
tins might, in process ol tune, occasion an appaicnt 
change in the angular distances of the fixed stars; and 
in such a case, the places ol the nearest stars being more 
affected than of those that are very remote, their relative 
position might seem to alter, though the stars themselves 
were really immoveable ; and vice versa, we may surmise 
from the observed motion of the stars, that our sun, with 
ull its planets and comets, may have a motion towards 
some particular part of the heavens, on account of a 
greater quantity of matter collected in a number of stars 
und their surrounding planets there situated, which rnay 
perhaps occasion a gravitation of our whole solar system 
towards it. If this surmise should have any foundation, 
as Dr. llcrschel observes, ubi supra, pa. 103, it will show 
itself in a series of some years; since from that motion 
there will arise another kind of hitherto unknown paral¬ 
lax (suggested by Mr. Michcll, Philos. Trans, vol. 57, 
pa. 252), the investigation of which may account for some 
part of the motions already observed in some of the prin¬ 
cipal stars; and for the purpose of determining the direc¬ 
tion and quantity of such a motion, accurate observations 
of the distance of stars, that arc near enough to be mea¬ 
sured with a micrometer, and a very high power of tele¬ 
scopes, may be of considerable use, as they will undoubt¬ 
edly give us the relative places of those stars to a much 
greater degree of accuracy than they can be had by in¬ 
struments or sectors, and thereby much sooner enable us 
to discover any apparent change in their situation, occa¬ 
sioned by this new kind of secular or systematical paral¬ 
lax, if we may so express the change arising from llicmo- 
tiun of the whole solar system. 

And, on the other hand, if our system be at rest, and 
any of the stars really in motion, this might likewise vary 
their apparent positions, and the more so, the nearer they 
are to us, or the swifter their motions are ; or the more 
proper the direction of the motion is to be rendered per¬ 
ceptible by us. Since then the relative places of.the stars 
may be changed from such a variety of causes, consider¬ 
ing the amazing distance at which it is certain some of 
them are placed, it may require the observations of many 
ages to determine the laws of the apparent changes, even 
of a single? star ; much more difficult, therefore, must it be 
to settle the laws relating to all the most remarkable of 
them. 

When the causes which affect the places of all the stars 
in general are known ; such as the precession, aberration, 
and nutation, it inay be of singular use to examine nicely 
the relative situations of particular stars, and especially of 
Vol. II. 


those of the greatest lustre, which, it may be presumed, 
lie nearest to us, and may therefore be subject to more 
sensible changes, either from their own motion, or from 
that ot our system. And il, at the same time the brighter 
stars are compared with each other, we may likewise de¬ 
termine the relative positions of some of the smallest that 
appear near them, whose places can be ascertained with 
sufficient exactness, we may perhaps be able to judge to 
what cause the change isowing, if any be observable. The 
uncertainty that we arc at present under, with respect to 
the degree of accuracy with which former astronomers 
could observe, makes us unable to determine several 
things relating to this subject ; but the improvements, 
which have of late years been made in the methods o! 
taking the places ot the heavenly bodies, are so great, that 
a few years may hereafter be sufficient to settle some 
points, which cannot now be settled; by comparing even 
the earliest observations with those of the present age. 

Dr. Hooke communicated several observations on the 
apparent motions oi the fixed stars ; und as this was a mat¬ 
ter of great importance in astronomy,several ol the learned 
were desirous of verilyingand confirming Ins observations. 
An instrument was accordingly contrived by Mr. George 
Graham, and executed with surprising exactness. 

With this instrument the star y, in tin* constellation 
Draco, was frequently observed by Messrs. Molyncux, 
Bradley, and Graham, in the years 1725, 1726 ; and the 
observations were afterwards repeated by Dr. Bradley 
with an instrument contrived by the same ingenious per¬ 
son, Mr. Graham, and so exact, that it might be depended 
on to half a second. The result of these observations 
was, that the star did not always appear in the same place, 
but that its distance from the zenith varied, and that the 
difference of the apparent places amounted to 21 or 22 
seconds. Similar observations were made on other stars, 
and u like apparent motion was found in them, propor¬ 
tional to the latitude of the star. This motion was by no 
means such as was to have been expected, as the effect of 
a parallax, and it was some time before any way could be 
found ofaccounting for this ucw phenomenon. At length 
Dr. Bradley resolved all its variety, in a satisfactory man¬ 
ner, by the motion of light and the motion of the earth 
compounded together. Sec Aberration and Light, 
and Phil. Trans. No. 406, pa. 364. 

That excellent astronomer had no sooner discover¬ 
ed the cause, and settled the laws of aberration of the 
fixed stun, than his attention was again excited by ano* 
ther new phenomenon, viz, an annual change of declina¬ 
tion in some of the fixed stars, which appeured to be sen¬ 
sibly greater than a procession of the equinoctial points, 
of 50$" in a year, would have occasioned. This apparent 
change of declination was observed in the stars neur the 
equinoctial colure; and there appearing ut the same time 
an effect of a quite contrary nature, in some stars near 
the solstitial colure, which seemed to alter their declina¬ 
tion less than a precession of 50" required. Dr. Bradley 
was thereby convinced, that all the phenomena in the dif¬ 
ferent stars could not be accounted for merely by suppo¬ 
sing that he had assumed a wrong quantity for the preces¬ 
sion of the equinoctial points, lie had also, after many 
trials, sufficient reason to conclude, that these second un¬ 
expected deviations of the stars were not owing to any 
imperfection oi his instruments. At length, from repeat¬ 
ed observations lie began to guess at the real cause of 
these phenomena. 

3 L 
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It appeared from the Doctor's observation*, during his 
residence at Wanted, from the year 1727 to 1732, that 
some of the stars near tbc solstitial colure bad changed 
their declinations ?)" or It/' less than a precession of 50" 
would have produced ; and, at the same time, that others 
near the equinoctial colure had altered theirs about the 
same quantity more than like a precession would have 
occasioned : the north pole of the equator seeming to have 
approached the stars, which come to the meridian with 
i he sun about the vernal equinox, and the winter solstice; 
and to have receded from those which come to the meridian 
with the sun about the autumnal equinox and the summer 
solstice. 

From the consideration of these circumstances, and the 
situation of the ascending node of the moon’s orbit when 
lie first began to make his observations, lie suspected that 
the moon's action on the equatorial parts ot the earth 
might produce these effects. For if the precession of the 
equinox be, according to Sir Isaac Newton's principles, 
caused by the actions of the sun and moon on those parts ; 
the plane of the moon’s orbit, being at one time, above 10 
degrees more inclined to the plane of the equator, than at 
another, it was reasonable to conclude, that the part of 
the whole annual precession which arises-from her action, 
would, in different years, be varied in its quantity ; 
whereas the plane of the ecliptic, in which the sun ap¬ 
pears, keeping always nearly the same inclination to the 
equator, that part of the precession which is owing to 
the sun's action, may be the same every year; and from 
hence it would follow, that though the mean annual pre¬ 
cession, proceeding from the joint uctions of the sun and 
moon, were 50''; yet the apparent annual precession might 
sometimes exceed, and sometimes fall short ol that mean 
quantity, according to the various situations ol the nodes 
of the moon's orbit. 

In the year 1727, the moon's ascending node was near 
the beginning of Aries, and consequently her orbit was as 
much inclined to the equator as it can at any time be; 
and then the apparent annual precession was found, by 
the Doctor’s first year’s observations, to be greater than 
the mean; which proved, that the stars near the equinoc¬ 
tial colure, whose declinations are most of all affected by 
the precession, had chunged theirs,*above a tenth part 
more than a precession of 50" would have caused. 'I he 
succeeding year's observations proved the same thing ; 
ond, in three or four years' time, the difference became so 
considerable as to leave no room to suspect it was owing 
to any imperfection either of the instrument orobservation. 

But some of the stars, that were near the solsliliul co¬ 
lure, havftig appeared to ihove, during the same time, in 
a manner contrary to what they ought to have done by 
an increase of the precession ; and the deviations in them 
being as remarkable as in the others, it was evident that 
something more than a mere change in the quantity of 
the precession would be requisite to solve this part of the 
phenomenon. On comparing the observations of stars 
near the solstitial colure, thut were almost opposite to 
each other in right ascension, they were found to be 
equally affected by this cause. For whilst y Draconis 
appeared to have moved northward, the small star, which 
is the 35th Cumclopardali Hevclii, in the British cata¬ 
logue, seemed to have gone as much towards the south ; 
which showed, that this apparent motion in botli those 
stars might proceed from a nutation of the earth's axis; 
whereas the comparison of the Doctor's observations of 


the same stars formerly enabled him to draw a different 
conclusion, with respec t to the cause of the annual altera¬ 
tions arising from the motion of light. For the apparent 
alteration in y Draconis, from that cause, being as large 
again as in the other small star, proved, that thut did not 
proceed from a nutation of the earth's axis; as,.on the 
contrary, this might. 

On making the like comparison between the observa¬ 
tions of other stars, that lie nearly opposite in right 
ascension, whatever their situations were with respect to 
the cardinal points of the equator, it appeared, that their 
change of declination was nearly equal, but contrary; and 
such as a nutation or motion of the earth’s axis would effect. 

• The moon’s ascending node being now returned to the 
beginning of Capricorn in the year 1732, the stars near 
the equinoctial colure appeared about that time tochange 
their declinations no more than a precession of 50" re¬ 
quired ; while some of those near the solstitial colure 
altered theirs above 2" in a year less than they ought. 
Soon after the annual change of declination of the former 
was perceived to be diminished, so as to become less than 
50" of precession would erase; and it continued to dimi¬ 
nish till the year 17S6, when the moon’s ascending node 
was about the beginning of Libra, and her orbit had the 
least inclination to the equator. But by this time, sonic 
of tbc stars near the solstitial colure had altered their de¬ 
clinations lb" less since the year 1727, than they ought 
to have done from a precession of 50". For y Draconis, 
which in those y years would have gone about b" mortf 
southeily, was observed, in 1736, to appear 10" more 
northerly than it did in the ye ar 1727* 

As this appearance in y Draconis indicated a diminu¬ 
tion of thc-inclination of the earth’s axis to the plane ot 
the ecliptic, and ns several astronomers had supposed that 
inclination to diminish regularly; if this phenomenon do- 
pended on such u cause, and amounted to 18 ;/ in 9 years, 
the obliquity of the ecliptic would, at that rate, alter a 
whole minute in 30 years ; which is much faster than any 
observations before made would allow. The Doctor had 
therefore reason to think, that some part of this motion 
at least, if not the whole, was owing to the moon's action . 
on the equatorial parts of the earth, which he conceived 
might cause a libratory motion of the earth's axis. But 
as he was unable to judge, from only,9 years' observation? 
whether the axis would entirely recover the same position 
that it had in the year 1727, he found it necessary to con¬ 
tinue his observations through a whole period of the 
moon's nodes; at the end of which he had the satisfac¬ 
tion to see, that the stars returned into the same positions 
a«ain, as if there had been no alteration at all in the in¬ 
clination of the earth’s axis; which fully convinced him, 
that be had guessed rightly as to the cause of the pheno¬ 
menon. This circumstance proves likewise, that if there 
be a gradual diminution of the obliquity of the ecliptic, it 
does not arise only from an alteration in the position of 
the earth’s axis, but rather from some change in the 
plane of the ecliptic itself; because the stars, at the end 
«f the period of the moon's nodes, appeared in the same 

* places, with respect to the equator, as f they ought to have 
done if the earth's axis had retained the same inclination 
to an invariable plane. 

The Doctor having communicated these observations, 
and bis opinion of their cause, to the late Mr. Machin, 
that excellent geometrician soon after sent him a table, 
containing the quantity of the annual precession in the 
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various positions of the moons nodes, as also the corre¬ 
sponding nutations of the earth’s axis; which was com¬ 
puted on the supposition that the mean annual precession 
is 50", and that the whole is governed by the pole ol the 
moon's orbit only; and therefore Mr. Machin imagined, 
that the numbers in the table would be too large, as, in 
fact, they were found to be. But it appeared that the 
changes which l)r. Bradley had observed, both in the an¬ 
nual precession and nutation, kept the same law, as to in¬ 
creasing and decreasing, with the numbers of Mr. Ma- 
chin's table. Those were calculated on the supposition, 
that the pole of the equator, during a period of the moon’s 
nodes, moved round in the periphery of a little circle, 
whose centre was 23° 29' distant from the pole of the 
ecliptic; having itself also an angular motion of 50' in a 
year about the same pole, 'i’lie north pole of the equa¬ 
tor was conceived to be in that part of the small circle 
which is farthest from the north pole of the ecliptic, at 
the same time when the moon’s ascending node is in the 
beginning of Aries; and in the opposite point of it, when 
the same node is in Libra. 

If the diameter of the little circle, in which the pole 
of the equator moves, be supposed equal to 18", which 
is the whole quantity of the nutation, as collected from 
Dr. Bradley's observations of the star y Draconis, then 
all the phenomena of the several stars which he observed 
will be very nearly solved by this hypothesis. But for 
the particulars of his solution, and the application of his 
theory to the practice of astronomy, we must refer to the 
excellent author himself; our intention being only to give 
the history of the invention. 

The corrections arising from the aberration of light, 
and from the nutation of the earth's axis? must not be 
neglected in astronomical observations; since such ne¬ 
glects might produce errors of near a minute in the polar 
distance of some stars. As to the allowance to be made 
for the aberration of light, Dr. Bradley assures us, that 
having again examined those of his own observations, 
which were most proper to determine the transverse axis 
of the ellipsis, which each star seems to describe, he found 
it to be nearest to 40" : and this is the number he makes 
use of in his computations relating to the nutation. Dr. 
Bradley says, in general, that experience has taught him, 
that the observations of such stars as lie nearest the ze¬ 
nith, generally agree best wiih one another, and are there¬ 
fore fittest to prove the truth of any hypothesis. Phil. 
Trans, num. 485, vol. 45, pa. 1, &c. See our article 
Nutation. 

M. Dalembert has published a treatise, entitled, Rc- 
chcrches sur la Precession dcs Equinoxes, et sur la Nuta¬ 
tion de la Terre dans lc Systcmc Ncwtonien, 4to. Paris, 
1749. The calculations of this learned gentleman agree 
in general with Dr. Bradley's observations. . But M. Da- 
Icmbert finds, that the pole of the equator describes an 
ellipsis in the heavens, the ratio of whose axes is that of 
4 to 3 ; whereas, according to Dr. Bradley, the. curve 
described is cither a circle or an ellipsis, the ratio of 
whose axis is as 9 to 8. ^ • 

The several stars in each constellation, as in Taurus, 
Bootes, Hercules, &c, sec under the proper article of 
each constellation, Taurus, Bootes, Hercules, &c.— 
To Irani to kuow the several fixed stars by the globe, see 
Globe.- 

Circumpolar Stars. See Circumpol r. 

Morning St ar. Sec Morning. 


Place of a Star. See Place. 

Pole Star. Sec Pole. 

Twinkling of the Sr a us. Sec 1 " inkling. 

Unformed St a KS. See 1 X i o it M i s. 

Catalogues of the stars, with their situations in right- 
ascension and declination, may be seen in Mr. \ ince’s 
and most other books on Astronomy; also in Za^h's and 
Wollaston’s tables, and the French Connoissance dcs 
Terns, A:c. 

Star, in Electricity, denotes the appearance ot the 
electric matter on a point into which it enters. BcCCaria 
supposes that the Star is occasioned by the difficulty with 
which the electric fluid is extricated from the air, which 

an electric substance. See Brush. 

Star, in Fortification, denotes a small fort, having 5 
or more points, or saliant and re-entering angles, flanking 
one another, and the ir faces yO or 100 feet long. 

Star, in Pyrothechny, a composition of combustible- 
matters; w hich being borne, or thrown aloft into the air, 
exhibits the appearance ot a real star.—Stars are chiefly 
used as appendages to rockets, a number of them being 
usually inclosed in a conical cap, or cover, at the head ui 
the rocket, and carried up with it to its utmost height, 
where the stars, taking fire, are spread around, and exhibit 
an agreeable spectacle. 

To make Stars .—Mix 3lbs of saltpetre, 11 ounces of 
sulphur, one of antimony, and 3 of gunpowder dust; or, 
12 ounces of sulphur, 6 of saltpetre, 5 1 ot gunpowder 
dust, 4 of olibanum, one of mastic, camphor, sublimate 
of mercury, and half an ounce of antimony and orpiment. 
Moisten the mass with gumwatcr, and make it into little 
balls, of the size of a chesnut; which dry either in the 
sun, or in the oven. T hese being set on lire 111 the air, 
will represent stars. 

Sr a R- Board denotes the right hand side ot a ship, 
when a person on board stands with the face looking tor- 
ward towards the head or lore part of the ship. In con¬ 
tradistinction from Larboard, which denotes the left haud 
side of the ship in the same circumstances.—They say. 
Starboard the helm, or Helm a starboard, when the man 
at the helm should put the helm to the right hand side of 
the ship* 

Falling Star, or Shooting Star, a luminous meteor 
darting rapidly through the Air, and resembling a Star 
falling.—The explication of this phenomenon has puzzled 
all philosophers, till the modern discoveries in electricity 
have led to the most probable account of it. Signior Bec- 
caria makes it pretty evident, that it is an electrical ap¬ 
pearance, and recites the following fact in proof of it. 
About an hour after sunset, lie and some friends that were 
with him, observed a falling star directing its course to¬ 
wards them, and apparently growing larger and larger, 
but it disappeared not far trooi them; when it left their 
faces, hands, and clothes, the earth, and all the neigh¬ 
bouring objects, suddenly illuminated with a diffused and 
lambent light, not attended with any noise at all. During 
their surprise at this appearance, a servant informed them 
that he had seen a light shine suddenly in the garden, and 
especially upon the streams which lie was throwing to 
water it. All these appearances were evidently electrical; 
and Beccaria was confirmed in his conjecture, that elec¬ 
tricity was the cause of them, by the quantity of electric 
matter which he had seen gradually advancing towards 
his kite* which had very much the appearance of a falling 
star. Sometimes also he saw a kind of glory round the 

3 L 2 
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kite, which followed it when it changed its place, but left 
some light, for a small >|>acc of time, in tin* place it had 
quitted. Priestley's Llect. vol. 1, pa. 434, 8vo. bee 
Ignis Fain us. 

Sta t>r Redoubt^ in Fortification. Sec Star, Re¬ 
do u n r, and Fort. 

STARLINGS, or Sterlings, or Jettees, a kind of case 
made about a pier built on stilts, 6c c, to secure it. See 
Stilts. 

STATICS, a branch of mathematics which considers 
weight „r gravity, and the motion ol bodies resulting from 
it. Those who define mechanics, the science ot motion, 
make statics a part of it ; viz, that part which considers 
tlwc motion of bodies arising from gravity. Otheis make 
them two distinct doctrines; rcstiainmg mechanics to the 
doctrine of motion and weight, us depending on, or con¬ 
nected with, the power ol machines; and statics to the 
doctrine of motion, considered merely as arising from the 
weight of bodies, without any immediate respect to 
machines. In this way, statics should be the doctrine or 
theory of motion ; and mechanics, the application of it to 
machines. 

For the laws of statics, see Gravity, Descent,&c. 

STATION, or Stationary, in Astronomy, the posi¬ 
tion or appearance of a planet in the same point of the 
Zodiac, for several days. This happens from the observer 
being situated on the earth, which is far out of the centre 
of their orbits, by which they seem to proceed irregularly; 
being sometimes seen to go forwards, or from west to east, 
which is their natural direction; sometimes to go back¬ 
wards, or from cast to west, which is theitf retrogradation ; 
and between these two states there must bean intermediate 
one, where the planet appears neither to go forwards nor 
backwards, but to stand still, and keep the same place in 
the heavens, which is called her Station, and the planet is 
then said to be Stationary. 

Apollonius Pcrgseus has shown how to find the sta¬ 
tionary point of a planet, according to the old theory of 
the planets, which supposes them to move in epicycles; 
which was followed by Ptolemy in his AI mag* lib. 12, 
cap. I* and others, till the time of Copernicus. Concern¬ 
ing this, see Regiomontanus in Epitome Almngcsli, lib. 
12, prop. 1 ; Copernicus's Rcvolutioncs Ccelest. lib. 5, 
cap. 35 and 36; Kepler in Tabulis Rudolphinis, cap. 24; 
Hiccioli’s Almag. lib. 7, sect. 5, cap. 2: Herman in Mis- 
cellan. Berolinens. pa. 197 . Dr. Halley, Mr. Facto, Mr. 
Demoivrc, Dr. Keil, and others have treated on this sub¬ 
ject. See also the articles Retrograde and Stationary 
in this Dictionary. * i * 

Station, in Practical Geometry &c, is a place pitched 
upon to make an observation, or take an angle, or such 
like, as in surveying, measuring heights-and-distances, 
levelling, See. An accessible height is taken from one 
station ; but an inaccessible height or distance is only to 
be taken by making two stations, from two places whose 
distance asunder is known. In constructing mups of coun¬ 
ties, provinces, &c, stations arc fixed upon certain emi¬ 
nences &c df the country, and angles taken from thence 
to the several towns, villages, &c.— In surveying, the in¬ 
strument is to be adjusted by the needle, or otherwise, to 
. answer the noints of the horizon nt every station ; the dis¬ 
tance from hence to the lust station is to be measured, and 
on angle is to be taken to the next station ; which process 
repeated includes the chief practice of surveying.— In 
levelling, the instrument is rectified, or placed level at 
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each station, and observations made forwards and back¬ 
wards. 

There is a method of measuring distances at one sta¬ 
tion, in the Philos. Trans, numb. 7, by means of a tele¬ 
scope. 1 have heard of another, by Mr. Ramsden; and 
have sci n other ingenious ways by Mr. Green, &c, consist¬ 
ing ol a permanent scale of divisions, placed at any point 
whose distance is required ; then the number of divisions, 
seen through the telescope, gives the distance sought. 

Station-L ine, in Surveying, and Line qf Sniff on, in 
Perspective. See Line. 

STATIONARY, in Astronomy, the state of a planet 
when, to an observer on the earth, it appears for some time 
to stand still, or remain immoveable in the same place in 
the heavens. For as the planets, to sucli an observer^ 
have sometimes a progressive motion, and sometimes a 
retrograde one, there must be some point between the two 
where they must appear stationary. Now a planet will 
he seen stationary, when the line that joins the centres of 
the earth and planet is constantly directed to the same 
point in the hcatvns, which is when it keeps parallel to 
itself. For all right lines drawn from any point of the 
earth's orbit, parallel to one another, do all point to the 
same star; the distance of these lines being insensible, in 
comparison of that of the fixed siars. 

The planet llerschel is seen stationary at the distance 
of 104° from thesun; Saturn nt somewhat more than 9 O 0 * 
Jupiter at the distance of 52°; and Mars at a much greater 
distance; Venus at 47°, and Mercury at 28°.. 

llerschel is stationary 12 days, Saturn 8, Jupiter 4* 
Mars 2, Venus 14 , and Mercury i a day:, though the 
several stations arc not always equal ; because the orbits 
of the planets arc not circles which have the sun in their 

centre. * 

STEAM, the vapour urising from water, or any other 
liquid or moist body, when considerably boated. Sub¬ 
terranean steams often affect the surface of the eurth in a 
remarkable manner, and promote, or prevent vegetation . 
more than any thing else. It has been imagined that 
steams may be the generative cause of both minerals and 
metals, and of all the peculiarities of springs. Sec Philos. 
Trans, vol. 5, pa. 1 154 —Of the use of the air to elevate 
the steams of bodies, sec pa. 2048 and 297 ib«—Concern¬ 
ing the warm and fertilising temperature and^steams of 
the earth, sec Philos. Trans, vol. 10* pa. 30/ andj357* 
See also Dr. Hamilton “ On the Ascent of Vapours." 

The stetnn raised from hot water is an clastic fluid,., 
which, like air, has its elasticity proportional to its density 
when the heat is the same, or proportional to the heat 
when the density is the same. The steam raised with the 
ordinary heat of boiling water, is nearly 3000 times raitnr 
than water, or about 34 times rarer than air, having its 
elasticity about equal to that'of the common air ot the 
atmosphere. And by great heat it has been found that 
the steam may be expanded into 14000 times the space ot 
water, or may be made about 5 times stronger than the 
atmosphere. But from some accidents that have hap¬ 
pened, it appears that steam, suddenly raised from water, 
or moist substances, by the immediate application o 
strong heat, is vastly stronger than the atmosphere, or 
even than'gunpowder itself. We have anfinstance of t is 
in what happened at a foundery of cannon 4t. Moorhclds,. 
when upon the hot metal first running into the mould 1 a 
. the earth, some small quantity of water tirtne bottom ov 
it was suddenly changed into which by its exp o~ 
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sion, blew the foumlcry to atoms. I remember another 
such accident at a founder}' at Newcastle; the founder 
having purchased, among some old brass, a hollow brass 
ball that bad been Used for many years as a valve in a 
pump, withinside of which it seems some water had in¬ 
sinuated itself; and having put it into Ins lire to melt, 
when it bad become very hot, it suddenly burst with a 
prodigious noise, anti blew the adjacent parts of the fur¬ 
nace in pieces. 

The observations on the different degrees of tempera¬ 
ture acquired by water in boiling, under different pressures 
of the atmosphere, and the formation of the vapour from 
water under the receiver of an air-pump, when, with the 
common temperatures, the pressure is diminished to a 
certain degree, have taught us that the expansive force of 
vapour or steam is different in the different temperatures, 
and that in general it increases in a variable ratio as- the 
temperature is raised. 

But there was wanting, on this important subject, a sc¬ 
ries of exact and direct experiments, by means of which, 
having given the degree of temperature in boiling water, 
we might know the expansive force of the steam rising 
from it ; and vice versa. I'here whs wanting also an ana¬ 
lytical theorem, expressing the relation between the tem¬ 
perature of boiling water, and the pressure with which the 
force of its steam is in equilibrium. 'Lins has now been 
accomplished by M. Betancourt, an ingenious Spanish 
philosopher, the particulars'of which are described in a 
memoir communicated to the French Academy of Sciences 
in 17.90, and ordered to be printed in their collection of 
the Works of Strangers. 

The apparatus which M. Betancourt makes use of, is 
a copper vessel or boiler, with its cover firmly soldered 
on. The cover has three holes, which close up with 
screws : the first is to put the water in and out; through 
the second passes the stein of a thermometer, which lias 
the whole of its scale or graduations above the vessel, and 
its ball within, where it is immersed cither in the water or 
the steam according to the different circumstances; through 
the third hole passes a tube forming a communication 
between the cavity of the boiler and one branch of an in¬ 
verted'syphon, which, containing mercury, acts as a ba¬ 
rometer lor measuring the pressure of the'elastic vapour 
within the boiler. There is a fourth hole, in the side of 
the vessel, into which is inserted a tube, with a turn-cock, 
making a communication with the receiver of an air-pump, 
for extracting the air from the boiler, and to prevent its 
return. 

The apparatus being prepared in good order, and di¬ 
stilled water introduced into the boiler by the first hole, 
and then stopped, as well as the end of the inverted sy¬ 
phon or barometer, M. Betancourt surrounded the boiler 
with ice, to lower the temperature of,the water to the 
freezing point, and then extracting all the air from the 
boiler by means of the air-pump, the difference between 
the columns of mercury in the two branches of the baro¬ 
meter is the measure of the spring of the vapour arising 
from the water in that temperature. Then, lighting the 
fire below the boiler, he raised gradually the temperature 
of the water from 0 to 110 degrees of Reaumur's thermo¬ 
meter • being the same as from 32 to 212 degrees of Fah¬ 
renheit's ; and for each degree of elevation in the tempera¬ 
ture, he observed the height of the column of mercury 
which measured the elasticity or pressure of the vapour.. 
The- result* of M. Bctancourr* experiments are con¬ 


tained in a table of four columns, which are but little 
different, according to the different quantities of water in 
the vessel. It is here observable, that the increase in the 
expansive force of tbc vujw>ur, is at first very slow ; but 
gradually increasing faster and faster, nil at last it becomes 
very rapid. Thus, the strength «»t the vapour, at 80 de¬ 
grees, is only equal to 28 French inches of mercury ; but 
at 110 degrees it is equal to no less than 98 inches, that is 
8 times and a half more for the increase of only 80 de¬ 
grees of heat. 

To express analytically the relation between the degrees 
of temperature of the vapour, and its expansive force, 
this author employs a method devised by M. Prony; 
which consists in conceiving the heights of the columns of 
mercury, measuring the exp ulsive force, to represent the 
ordinates of a curve, and the degrees of heat as the ab¬ 
scisses of the same; making the ordinates equal to the 
sum of several logarithmic ones, which contain two inde- 
terminates, and determining these quantities so that the 
curve may agree with a sufficient number of observations 
taken throughout tlu-ir w hole extent. Then constructing 
the curve which results immediate!} from the experiments, 
and that given by the formula, these two curves are found 
to coincide almost perfectly together; the small differ¬ 
ences being doubtless owing to the little irregularities in 
the experiments ami in dividing the scale; so tlmt tho 
phenomena may be considered as truly represented by the 
formula. 


M. Betancourt made also experiments with the vapour 
from spirit of wine, similar to those made with water; 
constructing the curve, and giving the formula proper to 
the same. From which is derived this remarkable result, 
that, for any one and the same degree of heat, the strength 
of the vapour of spirit of wine, is to that of water, always 
in the same constant ratio, viz, that of 7 to 3 very nearly ; 
the strength of the former being always 2$ times the 
strength of the latter, with the some degree of beat in the 
liquid. ' 

Of the Formttla , or FyuQtion to the Curve. 

The equation to the curve of temperature and pressure,, 
denoting the relation between the ub'cisses and ordi¬ 
nates, or I re tween the temperature of the vapour and its 

strength, is, for water, 

,a+tx .a t** ,e + (f'k 
y — b — U —A -+- b 

Where x denotes the abscisses of the curve, or the degrees 
of Reaumur's thermometer; and y the corresponding or¬ 
dinates, or'tbc heights of the column of mercury in Paris 
inches, representing the strength or elasticity of the vapour 
answering to the number x of degrees of the thermometer. 
Then, by comparing this formula with a proper number 
of the experiments, the values of the constant quantities 
come out us below : 

= 10 * 

= 0 068831 

= 0019438 

= 0013490 

= _ 4-689760 
= 0 058622 

= — 3937600 
= 00+9220 
Hence it is evident by inspection, that the terms of the 
equation arc very easy to calculate. For, b being the 
radix or root of the common system of logarithms, nnd 
all the terras on the second side of the equation being the 


b 

a 

c 

d 

e 

c" 

d 
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powers of b, these terms arc consequently the tabular na¬ 
tural numbers having the variable exponents for their lo¬ 
garithms. Now as x rises only to the first power, and is 
multiplied by a constant number, and another constant 
number being added to the product, gives the variable 
exponent, or logarithm ; to which then is immediately- 
found the corresponding natural number in the table of 
logarithms. 

In the above formula, the two last terms may be en¬ 
tirely omitted, as very small, as far as to the 90 th degree 
of the thermometer; and even above that temperature 
those two terms make but a small part of the whole for¬ 
mula. 

And for the spirit of wine the formula is 

,n + cx ,a' -+• r'x ,e + e"x + d"x . 

y — b -4-0 — b -4-0 — A. 

Where x andy, as before, denote the absciss and ordinate 
of the curve, or the temperature and expansive force of 
the vapour from the spirit of wine; also the values of the 
constant quantities arc as below : 

b = lO- 
ci = - 004853 
c — 002393 

o' = - 0-63414 


c' = - 0 096532 
e = - 2-509542 
c" = 0046473 

e = — 1-790192 
c" = 0-029448 

A = 1-12647 

This formula is of the same nature as the former, 
having also the like ease and convenience of calculation ; 

and perhaps more so ; as the second term b + z , having 
its exponent wholly negative, soon diminishes to no value, 
so as to be omitted from the 10th degiec of temper¬ 
ature; also the diflcrcnoc between the last two terms 

— \j + * x •+■ if + * x may be omitted till the 70th de¬ 
gree, for the same reason. So that, to the 10th degree of 

temperature the theorem is only y = b a + CX -4- b X — A; 
and from the 10th to the 70th degree it is barely y = 

b a + cz — A; after which, for the last 15 or 20 degrees, for 
great accuracy, the last two terms may be taken in. 

A compendium of the table of the experiments here 
follows, for the vapour of both water and spirit of wine, 
the temperature by Reaumur’s thermometer, and the ba¬ 
rometer in French inches. 


Table of the Temperature and Strength qf the Vapour of Hater and Spirit of Wine, by Reaumur's Thermometer 

and French Inches. 


% 

Height of the Barometer for 

Deg. of 
Rcau. Thcr. 

Vapour of Water. 

Vapour of Spirit 
of Wine. 

1 

00176 . 

00043 

2 

0031.6 

00208 

3 

0 0538 

0047 8 

4 

00747 

00837 

5 

01038 

0 1279 

6 

0 121 1 

01794 

'7 

01508 

02377 

8 

0-I74I 

0 3024 

9 

0-2073 

0-3733 

10 

v 0 2304 

0-4502 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
215 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


0 2681 

0 3039 

0 3419 

0-3877 

0-4258 

0-4778 

0-5208 

0-5730 

0-6283 

06872 

0-7497 

0-8159. 

0-8863 

0 9610 

1 0402 

1-1239 

1-2127 

1-3068 

1-4065 

I-5019 

1-6333 

I "7 413 

1-8671 

1-0980 


0-5130 

0-6058 

07040 

0-8077 

0-9172 

1-0330 

1-1553 

1-2846 

1-4212 

1-5655 

1- 7180 
1 *8791* 
20494 

2- 2293 
24194 
2-6202 
28325 

3- 0568 
3-2937 
3-5441 

3- 8087 
40883 

4- 3837 
4-0958 



Height of flu; Barometer for 

Deg. of 
Reau. Ther. 

Vapour of Water. 

Vapour of Spirit 
of Wine. 


35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 
63 
64- 

65 

66 

67 

68 


21374 
2-2846 
2 4401 
2 0045 
2-7780 

2- 9711 

3- 1544 
3-3583 
3-5735 

3- 8005 
40399 

4- 2922 
4-5592 

4- 8386 

5- 1346 
5-4453 

5- 7706 
61194. 

6- 4834 

6- 8607 

7- 2798 

7- 6948 

8- 1412 
8 6221 

9- 1071 
9-6280 

10-1767 

10- 7098 

11- 3602 
11*9976 

12- 6687 

13- 3743 

14- 1161 


5-0256 

5-3741 

5- 6423 

6- 1315 

6- 5426 
6 9770 
7*1360 

7- 9211 

8- 4336 

8- 9751 

9- 5476 
101516 

10 7906 

11 -4606 
12-1800 
*12-9340 
13 7300 

14- 5720 

15- 4610 

16- 4000 

17- 3930 

18- 4420 

19- 5081 

20- 6286 
21 6071 
230544 

24- 3451 

25- 6107 

27- 1444 

28- 6483 
30 2262 
31-8795 
33-6114 
35*4258 
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STE 


4 


D«-g. of 

Rea II. Tiler. 

Height of the Biroroetcr for 


Deg. of 
Reau« Ther. 

j Height of the Barometer for 

Vapour of Water. 

Vapour of Spirit 
of Wine. 

Vapour of Water. 

\ a pour of Spirit 
of Wine. 

G9 

15-7153 

37-3232 


90 | 

45 870 

98-2764 

70 

16-577 

39-3076 


91 

48-092 


7 1 

17-482 

41-3807 


92 

50-408 


72 

18-435 

43 5465 


93 

52-785 


73 

19-433 

45-8042 

% 

94 

55-253 


7 !• 

20-485 

48-15S9 


95 

57*801 


75 

21-5S7 

506096 


90 

60-423 


76 

22-746 

531593 


97 

63108 


77 

23-965 

55-8095 


98 

65-877 

' 

78 

25-260 

58-3968 

\ 

99 

68-692 


79 

26-588 

61-3057 


JOO 

71-552 


80 

28 006 

6 4-3524 


101 

74-444 


81 

29-455 

67-4095 


102 

77-359 


82 

30980 

70-4967 


103 

80-266 


83 

32-575 

73-7647 


104 

83-259 


8 + 

3 4 251 

77 0704 


105 

85-992 


85 

35-98 4 

80-4708 


106 

88-735 


86 

37 800 

83-9351 


107 

91-367 

• 

87 

39-697 

87-4625 


108 

93-815 


88 

41-642 

9J-1366 


109 

96-039 


89 

43-730 

94-6580 


1 lO 

93-356 



M. Betancourl deduces several useful and ingenious con¬ 
sequences and applications from this course of experiments, 
lie shows, for instance, that the effect of steam engines 
must, in general, be greater in winter than in summer; 
owing to the different degrees of temperature in the water 
of injection. And from the very superior strength of the 
vapour of spirit of wine, over that of water, he argues 
that, by trying other fluids, some may be found, not very 
expensive, whose vapour may be so much stronger than 
that of water, with the same degree of heat, that it may 
be substituted instead of water in the boilers of steam-en¬ 
gines, to the great saving in the very heavy cxpence of fuel: 
nay, he even declares, that spirit of wine itself might thus 
be-employed in a machine of a particular construction, 
which,, with the same quantity of fuel, and without any 
increase of expence in other things, shall produce an effect 
greatly superior to what is obtained from the steam of water. 
Me makes several other observations on the working and im¬ 
provement of steam-engines. 

Another use of these experiments, deduced by M. Be¬ 
tancourt, is, to measure the height of mountains, by means 
of a thermometer, immersed in boiling water, which he 
chinks may be done with a precision equal, if not superior, 
to that of the barometer. As soon as 1 had obtained exact 
results of my experiments, says he, and was convinced 
that the degree of heat received by water depends abso¬ 
lutely on tlieqjrcssurc upon its surface, I endeavoured to 
compare my observations with such as have been made on 
mountains of different heights, to know what is the degree 
of heat which water cun receive when the baroWtcr stands 
at a determinate height; but from so few observations 
having been made of this kind, and the different ways em¬ 
ployed in graduating instruments, it is difficult to draw 
any certain consequences from them. 

The first observation which M. Betancourt compared 
with his experiments, is one mentioned in the Memoirs of 
the Academy of Sciences, anno 1740, page 92. It is there 
said, that M. Monnicr having made water boil upon the 
mountain of Canigou, where the barometer stood at 20*18 


inches, the thermometer immersed in this water stood at 
a point answering to 71 degrees of Reaumur: whereas in 
M. Betancourts table of experiments, at an equal pressure 
upon the surface of the water, the thermometer stood at 
73*7 degrees. This difference he thinks is owing partly 
to the want of precision in the observation, and partly to 
the different method of graduating the thermometer, and 
the neglect of purging the barometer tube of air. 

jM. Betancourt next compared his experiments with 
some observations made by M. Deluc on the tops of several 
mountains ; in which, after reducing the scales of this gen¬ 
tleman to the same measures as his own, he rinds a very 
great degree of coincidence between them. The follow¬ 
ing tabic contains a specimen of these comparisons, the 
instances being taken at random from Deluc’s treatise on 
the Modifications of the Atmosphere. 


Degree* of Heat in Boiling Water upon the Tops 
of Mountains, observed by Deluc. 

Heat of the 
Water 

in M. Betan¬ 
court** 

Haperiiuciits. 

Places of 
Observation. 

Heat of 
the air. 

Height of 
the Bar. 

Heat of the 
Water by Th 

Beaucaire - - 

14* 

2S-248 

SO-3 7 

80-29 

Geneva-- 

12 * 

27056 

7933 

79*33 

Grange Town 

16 * 

24-510 

77-11 

77*42 

Lans IcHourg 


24-145 

7718 

77*14 

Grangcie F. 

15 

24089 

76-76 

77*09 

Grenairon - - 

10 * 

20-427 

7326 

73-89 

Glaciercde B. 

6 * 

19 677 

72-56 

73 24 


# 

Where it is remarkable, that the difference between the 
two is of no consequence in such matters. 

Many other advantages might be deduced from the 
exact knowledge of the effect which the pressure of the 
atmosphere has upon the hent which water can receive: 
one of which, M. Betancourt observes, is of too great im¬ 
portance in physics not to be mentioned. As soon as 
the thermometer became known to philosophers, almost 
every one endeavoured to find out two fixed points to 
direct them in dividing the scale of the instrument; hav- 
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jng found that those of the freezing and boiling of water 
were nearly constant in clitic*rent places, they gave these 
the preference over all others ; but having discovered 
that water is capable of receiving a greater or less quan- 
tity of heat, according to the pressure of the atmosphere 
upon its surface, they lelt tho necessity of fixing a certain 
constant value to that pressure, which it was almost ge¬ 
nerally agreed should be equal to a column of 28 French 
inches of mercury. This agreement however did not re¬ 
move all the difficulties. For instance, if it were required 
to construct at Madrid a thermometer that might be com¬ 
parable with another made at Paris, the thing would be 
found impossible by the means hitherto known, because 
the barometer never uses so high as 27 inches at Madrid; 
and it was not certainly known how much the scale of 
the thermometer ought to be increased to have the point 
of boiling water in a place where the barometer is at 28 
inches. Hut by making use of the foregoing observations, 
the thing appears very easy,and it is tube hoped that by the 
general knowledge of them, thermometers may be brought 
to great perfection, the accurate use of which is of the 
greatest importance in physics. 

Besides, without being confined to the height of the 
barometer in the open air, in a given pi ice, we may regu¬ 
late a thermometer according to any one assigned bent of 
water, by means of suc h an apparatus as M. Betancourt's. 
For, .in order to graduate a thermometer, having a baro¬ 
meter ready divided ; it is evident that by knowing, from 
tbe foregoing table of experiments, the degree of heat 
answering to any one expansive force, we can thence as¬ 
sign the degree of the thermometer corresponding to a 
certain height of the barometer. A determination ad¬ 
mitting of great precision, especially in the higher tem¬ 
peratures, where the motion of the barometer is so con¬ 
siderable in respect to that ol the barometer. 

Steam Engine, an engin? originally invented for raising 
water by means of the expansive force of the steam, or 
vapour, produced from water or other liquids in a state 
of ebullition. This has been often called the fire-engine, 
because of the fire used in boiling the liquid: but the 
latter term has of late been properly confined to machines 
for extinguishing fires. The steam-engine is justly esteem¬ 
ed one of the most curious, important, and serviceable, 
mechanical inventions, not only of modern, but of any 
times ; pariiculurly when it is considered with regard to 
some of-its late improvements, which render it applica¬ 
ble to all kinds of mill-work, to plaining, sawing, boring, 
and rolling machines, and indeed to almost every pur¬ 
pose that requires u powerful first mover, the energy of 
which muy be modified at the pleasure of the mechanist. 

The steam-engine for raising water is commtmly a for¬ 
cing pump, having its rod fixed to one end of a lever, 
which is worked by llie weight or pressure of the atmo¬ 
sphere upon a piston, at the other end, a temporary va¬ 
cuum being made below it, by suddenly condensing the 
steam, ihut hud been let into the cylinder in which this 
piston works, by a jet of cold water thrown into it. A 
partial vacuum being thus made, the weight of the atmo¬ 
sphere presses down the piston, and raises the other end 
of the straight lever with the water from the well &c. 
Then immediately a hole is uncovered in the bottom of 
the cylinder, by which a fresh supply of hot steam rushes 
in from n builer of water below it, which proves a coun¬ 
terbalance for the atmosphere above the piston, on which 
thu weight of the pump rods at the other end of tbc 


lever carries that end down, and raises the piston of the 
steam cylinder. Immediately the steam hole is shut, and 
the cock opened for injecting tbc cold water into the cy¬ 
linder of steam, which condenses it to water again, and 
thus making another vacuum below the piston, the atmo¬ 
sphere above it presses it down, and raises the pump-rods 
with another lift of water; and so on continually. This 
is the common principle: but there are also other modes 
of applying the force of the steam, as we shall see in 
the following short history of this invention and its vari¬ 
ous improvements. J 

The earliest account to be met with of the invention of 
this engine, is in the marquis of Worcester's small book 
entitled a Century of Inventions (being a description of 
100 notable discoveries), published in the year 1663, 
where he proposed the raising of great quantities of water 
by the force of steam, raised from water by means of 
fire ; and lie mentions an engine of that kind, of his own 
contrivance, which could raise a continual stream like a 
fountain 40 feet high, by rtieuns of two cocks w hich were, 
alternately and successively turned by a man to admit the 
steam, and to re-fill the vessel with cold water, the fire 
being continually kept up. 

Sir Samuel Morland also wrote a book on this engine; 
in which he not only showed the practicability of the 
plan, but went so far as to calculate the power of diffe¬ 
rent cylinders. This book is now extant in manuscript, 
in the Harleian collection, in the British Museum, the 
description of which is found in the improved llarleian 
catalogue, vol. iii, num. 5771 ; and it is also pointed out 
in the preface to that volume, sect. 22. Morland dates 
his invention in 1682, being 17 years prior to Savery's 
patent mentioned below. It was presented to the French 
king in 1683, at which time experiments were actually 
shown at St. Germain's. As Morland held places under 
king Charles the 2nd, it is natural to conclude that be 
would not have gone over to France, to ofter the invention 
to Louis 14th, hud he not found it slighted at home. It 
seems to have remained obscure in both countries till 
lt)99, when Savery, who probably knew more of Mor- 
land's invention than ho owned, obtained a patent; and 
in the very same year, M. Aniontons proposed something 
similar to the French Academy seemingly as his own. 

This invention then not meeting with encouragement, 
probubly owing to the confused state of public affairs at 
that time, it was neglected, and lay dormant several years, 
until one Captain Thomas Savery, having read the mar¬ 
quis of Worcester's books, several years afterwards, tried 
many experiments on the force and power of steam; and 
at Inst bit upon a method of applying it to raise water. 
He then bought up and destroyed ull the marquis's books 
. that could be got, and cluimed the honour of the inven¬ 
tion to himself, and obtained a patent lor it, pretending 
that he hud discovered this secret of nature by accident. 
He contrived an engine which, after many experiments, 
he brought*to some degree of usefulness, so as to raise 
water in small quantities; but ha could not succeed 
raising it to any great height,, or in large quantities, for 
the draining of mines ; to effect which by his method, the 
steam was required to be so strong as vvoulil have burst 
all his vessels; so that lie was obliged to limit himself to 
raising the water only tom small height, or in small quan¬ 
tities. The largest engines he orccted, was for the \ ork- 
buildings Company in London, for supplying the inhabit¬ 
ants in tho Strand and that neighbourhood with water. 
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The principle of this machine was as follows : n (fig. 3, 
pi. 33) represents a copper boiler placed on a furnace; 
E is a strong iron vessel, communicating with the boiler 
by means of a pipe at top, and with the main pipe ah 
by means of a pipe i at bottom ; ad is the main pipe 
immersed in the water at b ; d and c are two fixed valves, 
both opening upwards, one being placed above,- anil the 
other below the pipe of communication i. Lastly, at o 
is a cock that serves occasionally to wet and cool the 
vessel E, by water from the main pipe, and r is a cock 
in the pipe of communication between the vessel e and 
the boiler. 

The engine is set to work, by filling the copper in part 
with water, and also the upper part of the main pipe 
above the valve c, the fire in the furnace being lighted at 
the same time. When the water boils strongly, the cock 
r is opened, the steuin rushes into the vessel e, and ex¬ 
pels the air from thence through the valve c. The vessel 
E thus filled, and violently heated by the steam, is sud¬ 
denly cooled by the water which falls upon it by turning 
the cock c ; the cock f being at the same time shut, to 
prevent any fresh accession of steam from the boiler. 
Hence, the steam in e becoming condensed, it leaves the 
cavity within nearly a vacuum : and therefore the pres¬ 
sure of the atmosphere at b forces the water through the 
valve d till the vessel e is nearly filled. The condensing 
cock G is then shut, and the steam cock v again opened ; 
hence the steam, rushing into e, expels the water through 
the valve c, as it before did the air. Thus e becomes 
again filled with hot steam, which is again cooled and 
condensed by the water from G, the supply of steam be¬ 
ing cut off by shutting r, as in the former operation : rhe 
water consequently rushes through i>, by the pressure of 
the atmosphere at b, and e is again filled. This water is 
forced up the main pipe through c, by opening v and 
shutting G, as before. And thus it is easy to conceive, 
that by the alternate operation of opening and shutting 
the cocks, water will be continually raised, as long as the 
boiler continues to supply the steam. 

For the sake of perspicuity, the drawing is divested 
of the apparatus that serves to turn the two cocks at 
once, and of the contrivances for filling the copper to the 
proper quantity. Uut it may be found complete, with a 
full account of its uses and application, in Mr. Savery’s 
book intituled the Miner’s Friend, and in Dr. Gregory’s 
Mechanics, vol. 2. The engines of this construction were 
usually made to work with two receivers or steam vessels, 
one to receive the steam, while the other was raising water 
by the condensation. This engine has been since im¬ 
proved, by admitting the end of the condensing pipe g 
into the vessel e, by which means the steam is more sud¬ 
denly and effectually condensed than by water on the out¬ 
side of the vessel. 

The advantages of this engine are, that it may be erect¬ 
ed in almost any situation, that it requires but little room, 
and is subject to very little friction in its parts.—Its dis¬ 
advantages arc, that great part of the steam is condensed 
and loses its force upon coming into contact with the 
water in the vessel e, and that the heat and elasticity of 
the steam must be increased in proportion to the height 
that the water is required to be raised to. On both these 
accounts a large fire is required, and the copper must be 
very strong, when the height is considerable, otherwise 
there is danger of its bursting. 

While captain Savery was employed in perfecting his 
Vol. II. 


engine, Dr. Papin of Marburg was contriving one on the 
same principles, which he describes in a small book pub¬ 
lished in 1707, intitled Ars Nova ad Aquam Ignis adniini- 
culo efficacissimc elevandam. Captain Savery's engine 
however was much more complete than that proposed by 
Dr. Papin. 

About the same time also Mons. Amontons of Paris 
was engaged in the same pursuit: but Ins method of ap¬ 
plying the force of steam was different from those before- 
mentioned ; for lie intended it to drive or turn a wheel, 
which he called a fire-mill, that was to work pumps for 
raising water; but be never brought it to perfection. 
Each of these three gentlemen claimed the originality ol 
the invention ; but it is most probable they all took the 
hint from the book published by the marquis of Worces¬ 
ter, as before-mentioned. 

In this imperfect slate it continued, without further im¬ 
provements, till the year 1703, when Mr. Newcomen, an 
ironmonger, and Mr. JohnCcudlcy, a glazier, both of Dart¬ 
mouth, contrived another way to raise water by steam, 
bringing the engine to work with a beam and piston, and 
where the steam, even at the greatest depths of mines, is 
not required to be greater than the pressure of the atmo¬ 
sphere: and this structure of the engine is that which 
has since been chiefly used. These gentlemen obtained a 
patent for the sole use of this invention, for 14 years. 
The first proposal they nuide for draining of mines by this 
engine, was in the year 1711; but they were very coldly 
received by many persons in the south of England, who 
did not understand the nature of it. In 17 1 2 they cainc 
to an agreement with the owners of a colliery at Griff in 
Warwickshire, where they erected an engine with a cylin¬ 
der of 22 inches diameter. At first they were under great 
difficulties in many things; but by the assistance of sonic 
good workmen they got all the parts put together in such 
a manner, as to answer their intention tolerably well: 
and this was the first engine of the kind erected in Eng¬ 
land. There was ut first one man to uttend the steam- 
cock, and another to attend the injection-cock : but they 
afterwurds contrived a method of opening and shutting 
them by some small machinery connected with the 
working beam. The next engine erected by these pa¬ 
tentees, was ut a colliery in the county of Durham, about 
the year 1718, where was concerned, as an agent, Mr. 
Henry Ucighton, r. R. s. and conductor of the Ladies' 
Diary from the year 1714 to the 1744: this gentleman, 
not approving of the intricate munner of opening and 
shutting the cocks by strings and catches, as in the former 
engine, substituted the hanging-beam for that purpose as 
at present used, and likewise made improvements in the 
pipes, valves, and some other paits of the engine. 

In a few years afterwards, these engines became better 
understood‘than they had been; and their advantages, 
especially in draining of mines, became more apparent: 
and from the great number of them erected, they received 
additional improvements from different persons, till they 
arrived at their present degree of perfection: as will ap¬ 
pear in the sequel, after we have a little considered the 
general principles of this engine, which uru us follow. 

Principles of the Steam Engine. 

The principles on which this engine acts, are truly phi¬ 
losophical; and when all the parts o'f the machine ure 
proportioned to each other according to these principles, 
it never fails'to answer the intention of the engineer.* 

1. It has been proved in pneumatics, that the pressure 

3 M 
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of the atmosphere on a square inch at the earth's surface, 
is about 1+2ll» a\oirilupois at si medium, or 1141b on a 
circular inch, ihsit is on a circle of an inch diameter. And, 
o. If a vacuum be made by any means in a cylinder, 
winch has u moveable piston suspended at one end of a 
lever equally divided, the air will endeavour to rush in, 
and will press down th< 
to the area of the surface 

at the ot er end of the lover. , . 

3. Water may be rarefied near 14000 times by being 
expanded into steam, and violently heated : the particles 
of it are so strongly repellent, as to drive away air of the 
common density, only by a heal sufficient to keep the wa¬ 
ter in a boiling state, when the steam is almost 3000 times 
rarer than water, or 3* times rarer than air, as appears by 
an experiment of Mr. Beighton’s : by increasing the heat, 
the steam may be rendered much stronger ; but this re¬ 
quires great strength in the vessels. This steam may be 
a«»ain condensed into its former state by a jet of cold wa¬ 
ter dispersed through it; so that 14000 cubic inches of 
steam admitted into a cylinder, may be reduced into the 
space of one cubic inch of water only, by which means a 
partial vacuum is obtained. 

4. Though the pressure of the atmosphere be about 
14 } pounds upon every square inch, or 11* pounds upon 
a circular inch ; yet, on account of the friction of the se¬ 
veral parts, the resistance front some air which is unavoid¬ 
ably admitted with the jet of cold water, and from some 
remainder of steam in the cylinder, the vacuum is very 
imperfect, and the piston does not descend with a force 
exceeding 8 or 9 pounds upon every square inch of its 

surface. . , . . ,- f 

5. The gallon of water of 282 cubic inches weighs 10 T 

pounds avoirdupois, or a cubic foot 62 $ pounds, or 
1000 ounces. The piston being pressed by the atmosphere 
with a force proportional to its area in inches, multiplied 
by about 8 or 9 pounds, depresses that end of the lever, 
and raises a column of water in the pumps of equal weight 
at tho other end, by means of the pump-rods suspended 
to it. When the steam is again admitted, the pump-rods 
sink by their superior weight, and the piston rises ; and 
when that steam is condensed, the piston descends, and 
the pump-rods lift; and so on alternately as long as the 

piston works. # 

It has been observed above, that the piston docs not de¬ 
scend With a force exceeding 8 or 9 pounds on every 
square inch of its surface; but hy reason of accidental 
frictions, and alterations in the density of the air, it will 
be safest, in calculating the power of the cylinder, to allow 
something less than 8 pounds for tho pressure of the at- 
spherc upon every square inch, viz, 7lb. lOoz. = 7’64lb, 
or just 61b. upon every circular inch; and it being allowed 
that the gallon of water, of 282 cubic inches,weighs 10\\b, 
from these premises the dimensions of the cylinder, pumps, 
(tc, for any steam-engine, may be deduced as follows:— 

Suppose ... 

c = the cylinder's diameter in inches, 

p = the pump's ditto, 

/-= the depth of the pit in fathoms, 
g = gallons drawn by a stroke of 6 feet or a fathom, 
A = the hogsheads drawn per hour, 

$ = the number of strokes per minute. 
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Then e* is the area of the cylinder in circular inches, 
therefore 6c* is the power of the cylinder in pounds. 

And * — or \p t is = g the gallons contained 


2 b a 


in one fathom or 72 inches of any pump ; which multi¬ 
plied by /fathoms, gives 4 pf for the gallons contained in 

ic'idston.'whh^fore^ proportionate /fathoms of any pump whose diameter is/, Hence jpf 
lace, and will raise an equal weight * I0*lb. gives 2 p f nearly, far the weight in pound, of 

the column of water which is to be equal lo the power of 
the cylinder, which was before found equal to 6c'* Iknce 
then we have the 2d equation, viz, 6c 1 = 2/>V, or 3c’ = 
pf; the first equation being \p l = g» or p' — 5g. Iroin 
which two equations, any particular circumstance may 
be determined. 

Or if, instead of 6lb, for the pressure of the air on each 
circular inch of the cylinder, that force be supposed any 
number as a pounds; then will the power of the cylinder 
be ac 1 , and the 2d equation becomes uo % = 2p*f = IQ fg, 
by substituting 5g instead o ip'. 

And farther, 63/i = 60gs, or 21A = 20£S. 
l-'rom a comparison of these equations, the following 
theorems arc derived, which will-dcterininc the size of the 
cylinder and pumps of any steam-engine capable of draw¬ 
ing a certain quantity of water from any assigned depth, 
with the pressure of the atmosphere on each circular inch 
of the cylinder’s area. 

These theorems arc more particularly adapted to ono 
pump in a pit. But it often happens in practice, that an 
engine has to draw several pumps of different diameters 
from different depths ; and in this case, the square of tho 
diameter of each pump must be multiplied by its depth, 
and double the sum of all the products will be the weight 
of water drawn at each stroke, which is to be used instead 
of 2p'f for the power of the cylinder. 

The following is a table, calculated from the foregoing 
theorems, of the powers of cylinders from 30 to 70 inches 
diameter; and the diameters and lengths of pumps which 
those cylinders are capable of working, from a 6 inch bore 
to that of 20 inches, together with the quantity of water 
drawn per stroke and per hour, allowing the engine to 
make 12 strokes of 6 feet per minute, and the pressure of 
the atmosphere at the rate of 7lb lOoz per square inch, 
or 6 lb per circular inch. 

A Tadle (/Theorems for the readier computing the 

Powers of a Steam-Engine. 
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Table of the Power and Effects of Steam-Engines, allowing 12 Strokes, of G Feet long each, per 
Minute, and the Pressure of the Air Tib 10 oz per Sijuare Inch, or 6lb per Circular Inch. 


The Diameters of the Pumps in Inches. 


Power of the 
cylinders und 


7 1 

8 

55 

42 

53 

45 

61 

47 

67 

51 

70 

53 

75 

57 

79 

61 

84 

64 

S8 

68 

93 

71 

98 

75 

103 

S3 

• 

90 

• 

99 
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i 68 

. I 70 


Quan. drawn 
at one stroke 
in gdlons. 


Quan. drawn 
in one hour 
in hogsheads. 


Diameter ol 
pumps. 


Let us now describe the several parts of an engine, and 
exemplify the application of the foregoing principles, in 
the construction of one of the complelcsl of the modern 
engines. Sec fig. 4. pi. 33. 

a represents the fire-place under the boiler, for the boil¬ 
ing of the water, and the ash-hole below it. 

n, the boiler, filled with water about 3 feet above the 
bottom, made of iron plates. 

c, the steam pipe, through which the steam passes from 
the boiler into the receiver. 

d, the receiver, a close iron vessel, in which is the re¬ 
gulator or steam-cock, which opens and shuts the hole of 
communication at each stroke.. 

E, the communication pipe between the receiver and 
the cylinder; it rises 5 or 6 inches up, in the inside of the 
cylinder bottom, to prevent the injected water from de¬ 
scending into the receiver. 
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15 

16 

17 

18 10 

m 

weight ot wate 
ill |>oiili'i<. 

m 

27 

22 

19 

16 

14 

12 

lo 
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5 400 

35 

29 

24 

20 

17 

15 

13 

11 

10 

• • 


57 66 

37 

30 

25 

21 

18 

16 

13 

12 

i6 

• • 


6144 

40 

32 

27 

22 

19 

17 

14 

13 

11 

10 


6534 

42 

34 

28 

23 

20 

18 

15 

14 

12 

10 


6936 

45 

37 

30 

26 

22 

19 

16 

14 

13 

11 


7350 

48 

39 

32 

27 

23 

20 

17 

15 

14 

12 10 
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r, the cylinder, of cast iron, about 10 feet long, bored 
smooth in the inside; it has a broud Hunch in the middle 
on the outside, by which it is supported when hung in the 
cylinder-beams. 

o, the pistpn, made to fit the cylinder exactly ; it has 
a flanch rising 4 or 5 inches upon its upper surface, be¬ 
tween which und the side of the cylinder a quantity of junk 
or oakum is stuffed, and kept down by weights, to prevent 
the entrance of air or water and the escaping of steam. 

ii, the chain und piston slmnk, by which it is connected 
to the working beam. 

i i, the working beam or lever: it is made of two or 
more large logs of timber, bent together at each end, (ind 
kept at the distance of 8 or 9 inches from each other in 
the middle by the gudgeon, as represented in the Plate. 
The arch heads, II, at the cuds, are for giving a perpendi¬ 
cular direction to the chains of ihc piston and pump-rods, 
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k, the pump-i'od which works in the sucking pump. 

l, and draws the water from the bottom of the pit to 
the surface. 

m, a cistern, into which the water drawn out of the pit 
is conducted by a trough, so as to keep it always full : 
and the superfluous wateris carried off by another trough. 

N, the jack-head pump, which is a sucking-pump 
wrought by a small lever or working-beam, by means of 
a chain connected to the great beam or lever near the arch 
g at the inner end, and the pump-rocl at the outer end. 
This pump commonly stands near the corner of the front 
of the house, anil raises the column of water up to the 
cistern o, into which it is conducted by a trough. 

o, the jack-head cistern for supplying the injection, 
which is always kept full by the pump n : it is fixed so 
high as to give the jet a sufficient velocity into the cylinder 
when the cock is opened. This cistern has a pipe on the 
opposite side for conveying away the superfluous water. 

p p, the injection-pipe, of 3 or 4 inches diameter, which 
turns up in a curve at the lower end, and enters the cylin¬ 
der bottom : it has a thin plate of iron upon the end */, 
with 3 or 4 adjutage holes in it, to prevent the jet of cold 
water of the jack-luad cistern from flying up against the 
piston, and yet to condense the steam each stroke, when 
the injection-cock is open. 

c, a valve upon the upper end of the injection-pipe with¬ 
in the cistern, which is shut when the engine is not work¬ 
ing, to prevent any waste of the water. 

/, a smull pipe which branches off from the injection- 
pipe, and has u small cock to supply the piston with a 
little water to keep it air-tight. 

q, the working plug, suspended by a chain to the arch 
g of the working beam. It is usually a heavy piece of 
timber, with a slit vertically down its middle, and holes 
bored horizontally through it, to receive pins for the pur¬ 
pose of opening and shutting the injection and steam cocks, 
ns it ascends and descends by the motion of the working 
beam. 

/r, the handle of the stcam-cock or regulator, it is fixed 
to the regulator by a spindle which conics up through the 
top of the receiver. The regulator is a circular plate of 
biass or cast iron, which is moved horizontally by the 
handle /i, and opens or shuts the communication at the 
lower end of the pipe E within the receiver. It is repre¬ 
sented in the plate by a circular dotted line. 

i i, the spanner, which is a long * , od or plate of iron for 
coinmunicuting motion to the handle of the regulator: to 
which it is fixed by means of a slit in the latter, and some 
pins put through to fasten it. 

k /, the vibrating lever, called the y, having the weight 
k at one end and two legs at the either end. It is fixed to 
an horizontal axis, moveable about its ccnlre-pins or 
pivots urn, by means of the two shanks op fixed to the 
same axis, which arc alternately thrown backwards and 
forwards by means of two pins in the working plug; one 

f >in on the outside depressing the shank o, throws the 
oadc^S end k of the y from the cylinder into the position 
represented in the plate, and causes the leg / to strike 
against the end of the spanner ; w hich forcing back the 
handle of the regulator or steam cock, opens the commu¬ 
nication, and permits the steam to fly into the cylinder. 
The piston immediately rising by the admission of the 
steam, the working beam ii rises; which also raises the 
working-plug, and another pin which goes through the 
slit raises the shank p 9 which throws the end k of the y 
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towards the cylinder, and, striking the end of the spanner* 
forces it forward, and shuts the regulator stcam-cock. 

7 r, the lever for opening and shutting the injection-cock, 
called the r. It has two toes from its centre, which take 
between them the key of the injection-cock. When the 
working-plug has ascended nearly to its greatest height, 
and shut the regulator, a pin catches the end q of the r 
and raises it up, which opens the injection-cock, admits 
a jot of cold water to fly into the cylinder, and condensing 
the steam, makes a vacuum ; then the pressure of the at¬ 
mosphere bringing down the piston in the cylinder, and 
also the plug-frame, another pin fixed in it catches the 
end of the lever in its descent, and, by pressing it down, 
shuts the injection-cock, at the same time the regulator is 
opened to admit steam, and so on alternately; when the 
regulator is shut the injection is open, and when the former 
is open the latter is shut. 

it, the hot-well, a small cistern made of planks, which 
receives all the waste water from the cylinder. 

s, the sink-pit to convey away the water which is in¬ 
jected into the cylinder at each stroke. Its upper end is 
even with the inside of the cylinder bottom ; its lower end 
has a lid or cover moveable on a hinge which serves as a 
valve to let out the injected water, and shuts close each 
stroke of the engine, to prevent the water being forced up 
again when the vacuum is made. 

t, the feeding-pipe, to supply the boiler with water 
from the bol-well. It has a cock to let in a large or small 
quantity of water as occasion requires, to make up for 
what is evaporated : it goes nearly down to the boiler 
bottom. 

u, two gage-cocks, the one larger than-the other, to 

try when a proper quantity of water is in the boiler: on 
opening the cocks, if one give steam and the other water, 
it is right; if they both give steam, there is too little water 
in the boiler; and if they both give water,, there is too 
much. . b .. 

w, a plate which is screwed on to a hole on the side of 
the boiler, to allow a passage into the boiler for the con¬ 
venience of cleaning or repairing it. 

x, the steam-clack or puppet valve, a brass valve on 
the top of a pipe opening into the'boiler, to let off the 
steam when it is too strong. It is loaded with lead, at 
the rate of one pound to an inch square; and when the 
steam is nearly strong enough to keep it open, it will do 
for the working of the engine. 

/, the snifting valve, by which the air is discharged 
from the cylinder each stroke, which was admitted with 
the injection, and would otherwise obstruct the due ope¬ 
ration of the engine. . . 

//, the cylinder-beams; which are strong joists going 
through the house for supporting the cylinder. 

r, the cylinder cap of lead, soldered on the top of the 
cylinder, to prevent the water upon tjic piston from flash¬ 
ing over when it rises too high. 

tOf the waste-pipe, which conducts the superfluous 
water from the top of the cylinder to the hot-well. 

xx, iron bars, called the catch-pins, fixed horizontally 
through each arch-head, to prevent the beam descending 
loo low in case the chain should break. 

yy* two strong wooden springs, to weaken the blow 
givtn by the catch-pins when the stroke is too long. 

tt, two friction-wheels, on which the gudgeon or centre 
of the great beam is hung; they aro the third or fourth 
part of a circle, and move a little each way astwMNKH 
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vibratos. Their use is to diminish the friction of the 
axis, which, in so heavy .a lever, would otherwise be 
very great. 

When this engine is to be set to work, the boiler must 
be filled about 3 or 4- feet deep with water, and a large 
fire made under it; and when the steam is found to be ot 
a sufficient strength by the puppet-clack, then by thrusting 
back the spanner, which opens the regulator or steam- 
cock, the steam is admitted into the cylinder, which 
raises the piston to the top of the cylinder, and forces out 
all the air at the snifting valve; then by turning the key 
of the injection-cock, a jet of cold water is admitted into 
the cylinder, which condenses the st.am and produces a 
yacuum ; the atmosphere then pressing upon the piston, 
forces it down to the lower part of the cylinder, and makes 
a stroke by raising the column of water at the other end 
of the beam. Alter two or three strokes arc made in this 
manner, by a man opening and shutting the cocks to try 
if they be right, the pins may then be put into the pin¬ 
holes in the working plug, and the engine left to turn the 
cocks of itself; which it will do with greater exactness 
than can be done by a man. 

There arc in some engines, methods of shutting and 
opening the cocks different from the one above described, 
but perhaps none better adapted to the purpose ; and as 
the principles on which they all act are originally the 
same, any difference in the incchanicul construction ot 
the small machinery will have no influence of consequence 
on the total effect of the grand machine. 

The furnace or fire-place should not have the bars so 
close as to prevent the free admission of Iresh air to the 
fire, nor so open as to permit the coals to fall easily 
through them; for which purpose two inches or there¬ 
abouts is sufficient for the distance betwixt the bars. '1 he 
size of the furnace depends on that of the boiler ; but in 
every case the ash-hole ought to be capacious to admit 
the air, and the greater its height the better. It the flame 
is conducted in a flue or chimney round the outside of 
the boiler, or in a pipe round the inside of it, it ought to 
be gradually diminished from the entrance at the furnace 
to its egress at the chimney ; and the section of the 
chimney at that place should not exceed the section of 
the flue or pipe, and should also be somewhat less at the 
chimney-top. # 

The boiler or vessel in which the water is rarefied by 
the force of fire,' may be made of iron plates or cast iron, or 
such other materials as can withstand the effects of the fire, 
and the clastic force of the steam. It may be considered 
as consisting of two, parts; the upper part which is ex¬ 
posed to the steam, and the under part which is exposed 
to the fire. The form of the latter should be such as to 
receive the full force of the fire in the most advantageous 
manner, so that a certain quantity of fuel may have the 
greatest possible effect in heating and evaporating the 
water ; which is best done by making the sides cylindrical, 
and the bottom a little concave, and then conducting the 
flame by an iron flue or pipe round the inside of the 
boiler beneath the surface of the water, before it reach the 
chimney. For, by this means, after the fire in the furnace 
has heated the water by its effect on the bottom, the flame 
beats it again’by the pipe being wholly included in the 
water, and having every put of its surface in contact 
with it; which is prcfcrabllTo carrying it in a fluo or 
chimney round the outside of the boiler, as a third or a 


half of the surface of the flame only could he in contact 
with the boiler, the other being spent upon the brick-woik. 
This lower cylindric part may he less in its diameter than 
the upper part, and may contain from 4 to 6 feet perpen¬ 
dicular depth of water in it. 

The upper part of the boiler is best made hemisphe¬ 
rical, for resisting the elasticity of the steam ; yet any 
other form may do, provided it be ot sufficient strength 
for the purpose. The quick motion of the engine depenJs 
much on the capaciousness of the boilcr-top ; lor if it be 
too small, it requires the steam to be heated to a great 
degree, to increase its clastic force so much as to work 
the engine. If the top is so capacious as to contain eight 
or ten timc*s the quantity of steam used each stroke, it 
will require no more fire to preserve its elasticity than is 
sufficient to keep the water in a proper state of boiling; 
this, therefore, is the best size for a boiler top. If the 
diameter of the cylinder be c, and works a six-foot stroke, 
and the diameter of the boiler be supposed b , then 

200 c 2 = b\ or b — 1/200c 2 . 

The effect of the injection in condensing the steam in 
the cylinder, depends on the height of the reservoir and 
the diameter of the adjutage. If the engine makes a 6' 
feet stroke, then the jack head cistern should be 12 feet 
perpendicular above the bottom of the cylinder or the ad¬ 
jutage. The size of the adjutage may be from 1 to 2 
inches in diameter; or if the cylinder be very large, it is 
proper to have three or four holes rather than one large 
one, in order that the jet may be dispersed the more ef¬ 
fectually over the whole area of the cylinder. '1 he injec¬ 
tion pipe, or pipe of conduct, should be so large as to 
supply the injection freely with water; if the diameter ot 
the injection pipe he called p> and the diameter ol the ad¬ 
jutage, a , then 4a x = />% and a x = J/r, or a = 

For a further account of these engines, see Desaguliers’s 
Exp. Philos, vol. 2, Sect. 14, pa. 405. &c; or for an 
abstract, Marlin's Phil. Brit, number 401, or Nicholson's 
Nat. Philos, pa. 83 &c. And for an account of the im¬ 
provement made in the fire-engine by Mr. Payne, see 
Philos. Trans, number 46 1 , or Martin's Philos. Brit. pn. 
87 &c. See also Gregory’s Mechanics, vol. 2, for a par¬ 
ticular description of different steam-engines, containing 
the latest improveme nts that they have undergone. 

Mr. Blakey communicated to the Royal Society, in 
1752, remarks on the best proportions for steam-engine 
cylinders of a given content : and Mr. Smeaton describes 
an engine of this kind, invented by Mr. De Moura of Por¬ 
tugal, being an improvement of Savory's construction, to 
render it capable of working itself: for both which ac¬ 
counts, see Philos. Trans-vol. 47, art. 29 and 72. 

We are informed in the new edit, of the Biograph. Brit, 
under the article.Brindley, that in 1756 this gentleman, 
so well known for his concern in our inland navigations, 
undertook to erect a steam-engine near Newcastle-under- 
Line, on a new plan. The boiler of it was.made with 
brick and stone, instead of iron plates, and the water 
was heated by iron flues of a peculiar construction ; by 
which contrivances the consumption ol* fuel, necessary 
for working a steam-engine, was reduced one half. Ho 
introduced also into his engine wooden cylinders, made 
in the manned of cooper’s ware, instead of iron ones; the 
former being both cheaper and more easily managed in 
the shafts: and he likewise substituted wood for iron in 

the chains which worked at the end of the beam. He had. 
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formed designs of introducing other improvements into tlie 
construction of tins useful engine ; but was discouraged 
by obstacles that were thrown in his way. 

Mr. HI a key, some years ago, obtained a patent for his 
improvement of Savory's steam-engine, by which it is ex¬ 
cellently adapted for raising water out of ponds, rivers, 
wells, 6cc y and for forcing it up to any height wanted for 
supplying houses, gardens, and other places; though it 
has not power sufficient to drain off the water from a deep 
mine. The principles of his construction arc explained 
by Mr. Ferguson, in the Supplement to his Lectures, 
pa- I; and a more particular description of it, accom¬ 
panied with a drawing, is given by the patentee himself in 
the Gentlemans Magazine for 1 7f> 9 , pa. 392. 

Mr. Ulakcy, it is said, is the first person who ever 
thought o! making use of air as an intermediate body be¬ 
tween steam and water; by which means the steam is al¬ 
ways kept from touching the water, and consequently 
from being condensed by it : and on this new principle 
lie has obtained a patent. The engine inay be built at a 
trifling expence, in comparison of the common steam- 
engine now in use ; it will seldom need repairs, and will 
not consume half so much fuel. And as it has no pumps 
with pistons, it is clear of all their friction ; and the effect 
is equal to the whole strength or compressive force of the 
steam ; which the effect of the common engine never is, on 
account of the great friction of the pistons in their pumps. 

Ever since Mr. Newcomen's invention of the steam 
fire-engine, the great consumption of fuel with which it is 
attended, has been complained of as an immense draw¬ 
back on the profits of our mines. It is a known fact, that 
every engine of considerable size consumes to the amount 
of three thousand pounds worth of coals in a year. Hence 
many of our engineers have endeavoured, in the construc¬ 
tion of those engines, to save fuel. For this purpose, 
the fire-place has been diminished, the flame has been car¬ 
ried round from the bottom of the boiler in a spiral direc¬ 
tion, and conveyed through the body of the water in a 
tube before its arrival at the chimney; some have used a 
double boiler, so that fire might act in every possible 
point of contact ; and some have built a moor-stone 
boiler, heated by three tubes of flame passing through it. 
But the most important improvements which have been 
made in the steam-engine for more than forty years past, 
we owe to the skill of Mr. James Watt; of which we shall 
give some account: premising, that the internal struc¬ 
ture of his new engines so much resembles that of the 
common ones, that those who arc acquainted*with them 
will not fail to understand the mechanism of his from the 
following description : He has contrived to observe a uni¬ 
form hent in the cylinder of his engines, by suffering no 
cold water to touch it, and by protecting it from tho air, 
or other cold bodies, by a surrounding case filled with 
steam, or with hot air or water, and by coating it over 
with substances that transmit heat slowly. He makes his 
vacuum to uppronch nearly to that of the barometer, by 
condensing the steam in a separate vessel, called the con¬ 
denser, which may be cooled at pleasure without cooling 
the cylinder, either by an injection of cold water, or by 
surrounding the condenser with it, and generally by both. 
He extracts the injection water, and detached air, from 
the cylinder or condenser by pumps, which arc wrought 
by the engine itself, or blows them out by the steam. As 
the entrance of air into the cylinder would stop the opera¬ 


tion of the engines, and a9 it is hardly to be expected that 
such enormous pistons as those of steam-engines can move 1 
up and down, and yet be absolutely tight as in the common 
engines ; a stream ol water is kept always running upon 
the piston, which prevents the entry of the air: but this 
mode of securing tlie pi>ton, though not hurtful in the ' 
common ours, would be highly prejudicial to the new en¬ 
gine. Their piston is therefore made more accurately; 
and the outer cylinder, having a lid, covers it, the steam 
is introduced above the piston; and when a vacuum is 
produced under it, acts upon it by its elasticity, as the 
atmosphere does upon common engines by its gravity. 
This way of working effectually excludes the air from the 
inner cylinder, and gives the advantage of adding to the 
power, by increasing the elasticity of the steam. 

In Mr. Watt’s engines, the cylinder, the great beams, 
the pumps, &c, stand in their usual positions. The cy¬ 
linder is smaller than usual, in proportion to the load, and 
is very accurately bored. In the most complete engines, 
it is surrounded at a small distance, with another cylinder, 
furnished with a bottom and a lid. The interstice be¬ 
tween the cylinders communicates with the boilers by a 
large pipe, open at both ends : so that it is always filled 
with steam, and thereby maintains tip inner cylinder al¬ 
ways of the same heat with the steam, and prevents any 
condensation within it, which would be more detrimental 
than an equal condensation in the outer one. The inner 
cylinder has u bottom and piston as usual: and as it does 
not reach up quite to the lid of the outer cylinder, the 
steam in the interstice has always free access to the upper 
side of the piston. The lid of the outer cylinder has a 
hole in its middle; ami the piston rod, which is truly cy¬ 
lindrical, moves up and down through that hole, which is 
kept steam-tight by a collar of oakum screwed down upon 
it. At the bottom of the inner cylinder, there arc two re¬ 
gulating valves, one of which admits the steam to pass 
from the interstice into the inner cylinder below the piston, 
or shuts it out at pleasure: the other opens or shuts the 
end of a pipe, which leads to the condenser* The con¬ 
denser consists of one or more pumps furnished with clacks 
and buckets (nearly the same as in common pumps) 
which are wrought by chains fastened to the great work¬ 
ing beam of the engine. The pipe, which comes from the 
cylinder, is joined to the bottom of these pumps, and the 
whole condenser stands immersed in a cistern of cold wa¬ 
ter supplied by tho engine. The place of this cistern is 
cither within the house or under the floor, between the cy¬ 
linder and the lever wall; or without the house between 
that wall and the engine shaft, as convoniency may require. 
The condenser being exhausted of air by blowing, and 
both the cylinders being filled with steam, the regulating 
valve which admits the steam into the inner cylinder is 
shut, and the other regulator which communicates with 
the condenser is opened, and the steam rushes into the va¬ 
cuum of the condenser with violence: but there it comes 
into contact with the cold sides of the pumps and pipes, 
and meets a jet of cold water, which was opened at the 
same time with the exhaustion regulator ; these instantly 
deprive it of its heat, and reduce it to water; and tho va¬ 
cuum remaining perfect,more steam continues to rush in, 
and is condensed until the inner cylinder is exhausted. 
Then the steam which isj ah ovc the piston, ceasing to be 
counteracted .by that whierwas below it, acts upon the 
piston with its whole elasticity, and forces it to descend to 
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riie bottom of the cylinder, and so raises the buckets, ol the 
pumps which arc hung to the other end of the beam, 
i ho exhaustion regulator is now shut, and the strain one 
opened again, which, by letting in the steam, allows the 
piston to be pulled up by the superior weight ol the pump 
rods ; and so the engine is ready for another stroke. 

But the nature of Mr. Watt's improvement will he per¬ 
haps better understood from the following description ot it 
as referred to a figure.—The cylinder or steam vessel a, ot 
this engine (fig. 5, pi. 33), is shut at bottom and opened at 
lop as usual ; and is included in an outer cylinder or case 
BB, of wood or metal, covered with materials which trans¬ 
mit heat slowly. This case is at a small distance from the 
cylinder, and close at both ends. The cover c has a hole 
in it, through which the piston rod L slides; and near the 
bottom is another hole F, by which the steam from the 
boiler has always free entrance into this case or outer cy¬ 
linder, and by the interstice go between the two cylinders 
has access to the upper side of the piston mi. To the 
bottom of the inner cylinder a is joined a pipe i, with a 
cock or valve k, which is opened and shut when neces¬ 
sary, and forms a passage to another vessel l called a con¬ 
denser, made of thin metal. This vessel is immersed in a 
cistern m full of cold water, and it is contrived so as to ex¬ 
pose a very, great surface externally to the water, and in¬ 
fernally to the steam. It is also made air-tight, and lias 
pumps N wrought by the engine, which keep it always ex¬ 
hausted of air and water. 

Both the cylinders a and db being filled with steam, the 
passage k is opened from the inner one to the condenser l, 
into which the steam violently rushes by its elasticity, 
because that vessel is exhausted ; but as soon as it enters 
it, coining into contact with the cold matter of the con¬ 
denser, it is reduced to water, and, the vacuum still re¬ 
maining, the steam continues to rush in till the inner cy¬ 
linder a below the piston is left empty. The steam which 
is above the piston, ceasing to be counteracted by that 
which is below it, acts upon the piston im,and forces it to 
descend to the bottom of the cylinder, and so raises the 
bucket of the pump by means of the lever. The passage 
K between the inner cylinder and the condenser is then 
shut, and another passage o i? opened, which permits the 
steam to pass from the outer cylinder, or from the boiler 
into the inner cylinder under the piston ; and then the su¬ 
perior weight of the bucket and pump rods pulls down the 
outer end of the lever or great beam,and raises the piston, 
which is suspended to the inner end of the same beam. 

The advantages that accrue from this construction arc, 
first, that the cylinder being surrounded with the steam 
from the boiler, it is kept always uniformly as hot as the 
steam itself, and is therefore incapable of destroying any 
part of the steam, which should fill it, as the common en¬ 
gines do. Secondly, the condenser being kept always as 
cold as water can be procured, and colder than the point 
at which it boils in vacuo, the steam is perfectly con¬ 
densed, and docs not oppose the descent of the piston ; 
which is therefore forced down by the full power of the 
steam from the boiler, which is somewhat greater than 
that of the atmosphere. 

In the common steam-engines, when they arc loaded to 
7 pounds upon the inch, and arc of a middle size, the 
quantity of steam which is condensed in restoring to the 
cylinder the heat which it had been deprived of by the 
former injection of cold water, is about one full of the cy¬ 
linder, besides what il really required to fill that vessel; 
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so that twice the full of the cylinder is employed to make 
it raise a column of waiei equal to about 7 pounds lur 
each square inch of ihe piston : or, to take it more simply, 
a cubic foot of steam raises a cubic loot ol water about 8 
feet high, besides overcoming the friction ol the engine, 
and the resistance of the water to motion. 

In ihe improved engine, about one lull and a fourth of 
the cylinder is required to Jill it, because the steam is one- 
fourth more dense than fu the common engine. This en¬ 
gine raises a load equal to 12 pounds and a halt upon the 
square inch of the piston ; and each cubic loot of steam of 
the density of the atmosphere, raises one cubic foot ot wa¬ 
ter 22 feet high. The working of these engines is mure 
regular and steady than the common ones, and from what 
has been said, their other advantages seem to be very con¬ 
siderable. 

It is said, that die savings amount at least to two-thirds 
of the fuel, which is an important object, especially where 
coals are dear. The new engines will raise from twenty 
thousand to twenty-four thousand cubic feet of water, to 
the height of 24 feet by one hundred weight of good pit 
coal: and Mr. Watt has proposed to produce engines on 
the same principles, though somewhat differing in construc¬ 
tion, which will require still much less fuel, and be more 
convenient for the purposes of mining, than any kind of 
engine yet used. Mr. Watt has also contrived a kind of 
mill wheel, which turns round by the power of steam ex¬ 
erted within it. 

The improvements above recited were invented by Mr. 
James Watt, at Glasgow, in Scotland, in 1764: he obtained 
the king's letters patent for the sole use of his invention in 
; hut meeting with difficulties in the execution of a 
large machine, and being otherwise employed, he laid aside 
the undertaking till the year 1774* when, in conjunction 
with Mr. Boulton near Birmingham, he completed both a 
reciprocating and rotative or wheel engine, lie then ap¬ 
plied to parliament for a prolongation of the term of his 
patent, which was granted by an act passed in 1775. 
Since that time, Mr. Watt and Mr. Boulton have erected 
several engines in various parts of England. The terms 
they offer to the public arc, to take in lieu of all profits, 
one-third part of the annual savings in fuel, which their 
engine makes when compared with a common engine of 
the same dimensions in the neighbourhood. The engines 
are built at the expencc of those who use them,and Messrs. 
Boulton and Watt furnish such drawings, directions, and 
attendance, as inay be necessary to cnpble a resident en¬ 
gineer to complete the machine. Sec the appendix to 
Bryce's Mineralogia, &c, 1778. 

Mr. Homblower and others have also made ingenious 
improvements on the steam-engine. 

See another view of a steam engine at fig.3, pi.31. 

Steam •Boal, be. Besides the steam-engines, em¬ 
ployed for drawing the water out of deep-mines, (and 
without thf discovery of such machines the country now 
would have been almost deprived of the use of coals,) steam 
has been gradually applied, as a power, to give motion to 
various other machines, and for other purposes where 
great and (Economical powers arc required, with the best 
effects; such as saw-mills, pile-driving, deepening and 
cleansing of rivers and canals, the draft of numerous wag¬ 
gons on rail-ways, with many other useful and beneficial 
purposes ; and lastly to the purposes of navigation, bv im¬ 
pelling large vessels on rivers and canals, for the cheap and 
expeditious conveyance of passengers and goods of all 
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kind?. Many vessels of this kind arc now employed in 
this way, in this country, and in North America, and 
elsewhere. As early as the year 1801, such a vessel was 
tried on the Forth and Clyde inland navigation; but was 
laid aside, among other reasons, on account ol the injury 
it threatened the banks of the canal by the agitation of 
the water. In America, the first steam-boat was launched 
at New-York on the 3d of October 1807, and began to ply 
on the river between that city ahd Albany, a distance ot 
about J60 miles; and now numerous large vessels ol that 
kind arc employed on the navigation between New \ ork 
and Canada,as well as on the Mississippi, and several other 
rivers in that country. The first attempt, on a large 
scale, to navigate by steam on the river Clyde, was made 
in the year J812 ; and many other vessels, of great bur¬ 
den, arc now daily employed there, conveying at each time 
several hundred tons of goods, or many hundred passen¬ 
gers, m a commodious, cheap, and expeditious manner. 
Vessels of the same kind are also successively establishing 
on many other rivers in the country ; as on the Thames, 
the Tyne, &c, &c, and even coasting on the sea.—Ac¬ 
counts of thc6c vessels and navigations have been given in 
several publications; particularly in the Monthly Maga¬ 
zine in many places of the volumes 36 and 37, as also in 
the Philos. Magazine, vol. 45, in both cases accompanied 
with drawings and descriptions of the machinery. 

STEELYARD, or Stilyard, in Mechanics, a kind 
of balance, called also, Statera Romana, or the Roman 
Balance, by means of which the weights of different bo¬ 
dies are discovered by using one single weight only. 



The common steelyard consists of an iron beam ab, in 
which is assumed a point at pleasure, as c, on which is 
raised a perpendicular cd. On the shorter arm ac is hung 
a scale to receive the bodies weighed : the moveable 
weight 1 is shifted backward and forward on the beam, till 
it be a counterbalance to 4, 2, 3, 4, &c pounds placed in 
the scale; and the points are noted where the constant 
weight 1 weighs, as 1, 2, 3, 4, &c pounds. From this con¬ 
struction of the steelyard, the manner of usjng it is evi¬ 
dent. 

These instruments in the hands of designing men arc 
easily Converted to the purpose of deception ; as, onccarf- 
not so readily know whether they be truly constructed or 
not, as wc can with the common balance-; on which ac¬ 
count, and some other inconvcnicncies attending the use 
of them, they are not very generally employed in mercan¬ 
tile transactions. 

These imperfections in the common steelyard,■ led C. 
Paul, inspector of weights at Geneva, to employ his 
thoughts on so far improving steelyards, that either in the 
cjeiicatc operations of the aits, or in those of the same kind 


which arc often so necessary in the practice of physical 
sciences, those instruments might be substituted with ad¬ 
vantage for common balances. 

It would be contrary to our plan to enter at any length 
upon the description of the instrument which Mr. Paul 
has constructed tor this purpose, being merely a mechani¬ 
cal contrivance; it is however very ingenious, a descrip- • 
tion of which may be seen in Gregory's Mechanics, vol. 2, 
pa. 405, and in the Philosophical Magazine, vol.3, where 
there is also a representation of the instrument. 

Chinese Steelyard. The Chinese carry this statera 
about them to weigh their gems, and other things of va¬ 
lue. The beam or yard is a small rod of wood or ivory, 
about a foot in length : upon this arc throe rules of mea¬ 
sure, made of a fine silver-studded work; they all begin 
from the end of the beam, whence the first is extended 8 
inches, the second 6{, the third 8*. The first is the Eu¬ 
ropean measure, the other two seem to be Chinese mca- • 
surcs. At the other end of the yard hangs a round scale, 
and at three several distances from this end are fastened 
so many slender strings, as different points of suspension. 
The first distance makes or j of an inch, the second 
3y or double the first, and the third 4£ or triple of the 
first. When they weigh any thing, they hold up the yard 
by some one of these strings, and hang a scaled weight, of 
about IJoz troy weight, upon the respective divisions of 
the rule, as the tiling requires. Crew's Museum, pa. 369* 

Spring Steelyard, is a kind of portable balance,serv¬ 
ing to weigh any matter, from 1 to about 40 pounds. It 
is composed of a brass or iron tube, into which goes a 
rod, and about that is wound a spring of tempered steel in 
a spiral form. On this rod are the divisions of pounds 
and parts of pounds, which arc made by successively hang¬ 
ing on, to a book fastened to the other end, 1, 2, 3, 4, 
&c, pounds. ^ 

Now the spring being fastened by a screw to the bottom 
of the rod ; tlic greater the weight is that is hung upon the 
hook, the more will the spring be contracted, and conse¬ 
quently i greater part of the rod will come out of the 
tube; the proportions or quantities of which greater 
weights arc indicated by the figures appearing against tho 
extremity of the tube. • , 

Stef.lY a u D-Swing. In the Philos. Trans. (No. 4o2, 
sect. 5) is given an account of a steelyard-swing, proposed 
as a mechanical method for assisting children labouring 
under deformities, owing to the contraction of tho muscles 
on one side of the body. Tho crooked person is sus¬ 
pended with cords under his arm, and these arc placed at 
equal distances from the centre of the beam. It is sup¬ 
posed that the gravity of the body will affect the contracted 
side, so as to put the muscles upon the stretch ; aqd hence 
by degrees the defect may be remedied. 

STEEPLE, a building usually raised on the western 
end of a church to contain the bells.—Steeples arc deno* 
minated from their form, either spires, or towers. lL * 

first arc such as rise continually diminishing like a cone 
or other pyramid. The latter arc mere parallelopipcdons, 
or some other prism, and arc covered at top 
form.—In each kind there is usually a sort of windows, or 
loop-holes, to let out the sound, and so contrived as to 

throw it downward. . 

Masius, in his treatise on bells, treats also of steeples. 
The most remarkable in the world, it is said, is that at 
Pisa, which leans so much to one side, that fear every 
moihcnt it will fall j yet is in no danger. This odd dis- 
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position, lie observes, is not owing to a shock of an earth¬ 
quake, as is generally imagined ; but was contrived so at 
’ first by the architect ; as is evident from the ceilings, win¬ 
dows, doors, <S:c, which are all in the bevel. 

STEERAGE, in a ship, that part next below the quar¬ 
ter-deck, before the bulk-head of the great cabin, where 
the steersman stands in most ships ot war. In large ships 
of war it is used as a hall, through which it is necessary 
to pass to or from the great cabin. In merchant ships it is 
mostly the habitation of the. lower officers and ship's crew. 

Steerage, in Sea-language, is also used to express the 
effort of the helm : and hence 

SrEEHAGE-uv/y is that degree of progressive motion 
communicated to a ship, by which she becomes suscepti¬ 
ble of the effect of the helm to govern her course. 

STEERING, in Navigation, the art of directing the 
ship's way by the movements of the helm ; or ot applying 
its efforts to regulate her course when she advances. The 
perfection of steering consists in a vigilant attention to the 
motion of the ship's head, so as to check every deviation 
from the line of her course in the first instant of its motion ; 
and in applying as little ot the power of the helm as pos¬ 
sible. By this means she will run more uniformly in a 
straight pMh, or decline less to the right and left; whcreas, 

. if a greater effort of the helm be employed, it will produce 
a greater declination from the course, and not only in¬ 
crease the difficulty of steering, hut also make a crooked 
and irregular path through the water. 

The helmsman, orsteersman, should diligently watch the 
movements of the head by the land, clouds, moon, or 
stars ; because, though the course is in general regulated 
by the compass, yet the vibrations of the needle are not so 
quickly perceived, as the sallies of the ship’s head to the 
right or left, which,, if not immediately restrained, will 
acquire additional velocity in every instant of their mo- 
•fion, and require a more powerful impulse of the helm to 
reduce them ; the application of which will operate to 
turn her head as far on the contrary side of her course. 

The phrases used in steering a ship, vary according,to 
the relation of the wind to her course. 'Thus, when the 
wind is large or fair, the phrases used by the pilot or offi¬ 
cer w ho superintends the steerage, are port, starboard, and 
steady : the first of which is intended to direct the ship's 
course further to the right; the second to the left; and 
the last is designed to keep her exactly in the line on which 
she advances, according to the intended course. The ex¬ 
cess of the first and second movement is culled hard-a- 
port.and hard-a-starboard ; the former of which gives her 
tlicgreatcst possible inclination to the right, and the latter 
an equal tendency to the left.— If, on the contrary, the 
wind be scant or foul, the phrases are luff, thus, and no 
nearer : the first of which is the order to keep her close to 
the wind; flic second, to retain her in her present situa¬ 
tion ; and the third, to keep her sails full. 

STELLA. See Star. 

STENTOROPHONIC Tube, a speaking trumpet, or 
tube employed to speak to a person at a great distance. 
It has been so culled from Stcntor, a person mentioned in 
flic 5th book of the Iliad, who, as Homer tells us, could 
call out louder than 50 men. With the celebrated sten- 
torophonic horn of Alexander the Great, it is said, lie 
could give orders to his army at the distance of 100 stadia, 
which is about 12 English miles. 

The present speaking trumpet, it is said, was invented by 
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Sir Samuel Moreland. Rut Dcrham, in his Ehysico-Theo- 
logy, lib. 4, chap. 3, sa^s, that Kircher found out this in¬ 
strument 20}cars before Moreland,and published it in his 
Mcsurgia; and it is further said that Gaspar Schottus 
had seen one at the Jesuits' College at Rome. Also one 
Conyers, in the Philos.Trans. No. 141, gi'cs a description 
of an instrument of this kind, different from those* com¬ 
monly made. Gravesande, in his Philosophy, disapproves 
of the usual figures of these instruments; he would hjt\e 
them to be parabolic conoids, with the locus of one of us 
parabolic sections at the mouth.—Concerning this instru¬ 
ment, see Sturmy's Collegium Curiosum, Pt. 2, Tcntain. S ; 
also Philos. Trans, vol. 6, pa. 3056, \oI. 12, pa. 1027* 

bTEREOGRAPHIC Projection of the Sphere, is that in 
which the eye is supposed to be placed in the surlace ol 
the sphere. Or it is the projection of the circles of the 
sphere on the plane of some one great circle, when the 
eye, or a luminous point, is placed in the pole of that cir¬ 
cle. — For the fundamental principles and chief properties 
of this kind of projection, see Projection. 

STEREOGRAPH \ , is the art ol drawing the forms of 
solids upon a plane. 

STEVIN, Stevinus (Simon), a Flemish mathemati¬ 
cian of Bruges, who died in 1033. He was master of ma¬ 
thematics to prince Maurice of Nassau, ami inspector of 
the dykes in Holland, it is said he was the inventor of 
the sailing chariots, sometimes made use of in Holland. 
He was a good practical mathematician and mechanist, 
and was author of several useful works: as, treatises on 
Arithmetic, Algebra, Geometry, Statics, Optics, 'I rigono- 
motry, Geography, Astronomy, Fortification, and many 
others, in the Dutch .language, w hich were translated into 
Latin, by Snellius, and printed in 2 volumes folio. There 
are also two editions in the French language, in folio, both 
printed at Leyden, the one in 160S, and the other in 1634, 
with curious notes and additions, by Albert Girard.— For 
a particular account of Stevin's inventions and improve¬ 
ments in Algebra, which were many and ingenious, sec 
our article Algebra, vol. I, pa. S9. ‘ 

STEWART (the Rev. Dr. Matthew), late professor of 
mathematics in the university of Edinburgh, was the son 
of the reverend Mr. Dugald Stewart, minister of Rothsay 
in the Isle of Rule, and was born at that place in the year 
1717. After having finished his course at the grammar 
school, being intended by his father for the church, he was 
sent to the university of Glasgow, and was entered there as 
a student in 1734. Jlis academical studies were prose¬ 
cuted with diligence and success ; and lie was so happy as 
to be particularly'distinguished by the friendship of Dr. 
Hutcheson, and Dr. Simson the celebrated geometrician, 
under whom he made great progress in that science. 

Mr. Stewart's views naadc.it necessary for him to attend 
the lectures in the university of Edinburgh in 17^1; and 
that his mathematical studies might suffer no interruption, 
he was introduced by Dr. Simson to Mr. Maclaurin, w ho 
Nvas then teaching with so much success, both thegeomc- 
tiy and the philosophy of Newton, and under w hom Mr. 
Stewart made that proficiency which was to he expected 
from the abilities of such a pupil, directed by those of so 
great a master. But the modern analysis, even when thus 
powerfully recommended, was not able to w ithdraw his at¬ 
tention from the relish of the ancient geometry, which ho 
had imbibed under Dr.Simson. Me still kept up u regu- 
*lur correspondence with this gentleman, giving him an nc- 
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count of his progress, and of his discoveries in geometry, 
which were now both numerous and important, and re¬ 
ceiving in return many curious communications with re¬ 
spect to the Loci Plani, and the Porisins of Euclid. Mr. 
Stewart pursued this latter subject in a different and new 
direction. In doing which, he was led to the discovery of 
those curious and interesting propositions, which were 
published, under the title of General Theorems, in I? 10. 
They were given without the demonstrations; but did not 
fail to place their discoverer at once among the geometri¬ 
cians of the first rank. They are, for the most part, po- 
risms, though Mr. Stewart, cartful not to anticipate the 
discoveries of his friend, gave them only the name of theo¬ 
rems. They are among the most beautiful, as well as 
mO't general propositions, known in the whole coinpass of 
geometry, and arc perhaps only equalled by the remark¬ 
able locus to the circle in the second book ot Apollonius, 
or by the celebrated theorem of Mr.Cotes. 

Such is the history of the invention of these proposi¬ 
tions ; and the occasion of the publication of them was as 
follows. lMr. Stewart, while engaged in them, had entered 
into the church, and become minister of Roscneath. It 
\v.i in that retired and romantic situation, that he disco¬ 
ver d tie* greater part t i those theorems. In the summer 
o! 17db, i lie mal .cmatical chair in the university of* Edin¬ 
burgh became vacant, by the death of Mr. Maclaurin. 

'I he General Theorems had not yet appeared; Mr. Slew- 
art was known only to Ins friends; and the eyes of the 
public uric naturally tinned on Mr. Stilling, who then 
resided at I.cndhills, and who was well known in the ma¬ 
thematical world. Me however declined appearing as a 
candidate for the vacant chair; and several others were 
named, among whom was Mr. Stewart. On this occasion 
he printed the General Theorems, which gave their author 
a decided superiority above all the other candidates. He 
was accordingly elected professor of mathematics in the 
university of Edinburgh, in September 1747- 

The duties of this office gave a turn somewhat different 
to his mathematical pursuits, and led him to think of the 
most simple ami elegant means of explaining those diffi¬ 
cult propositions, which were hitherto only accessible to 
men deeply versed in the modern analysis. In doing this, 
he was pursuing the object which, of all others, he most 
ardently wished to attain, viz, the application of geometry 
to such problems as the algebraic calculus alone had been 
tbohght able to resolve. 1 lis solution of Kepler’s problem 
was the first specimen of this kind which he published; 
and it was perhaps impossible to have produced one more 
to the credit of the method he followed, or of the abilities 
with which lie applied it. Among the excellent solutions 
hitherto given of this famous problem, there were none of 
them at once direct in its method, and simple in its prin¬ 
ciples. Mr. Stewart was so happy as to attain both these 
objects. He founds his solution on a general property of 
curves, which, though very simple, had perhaps never been 
observed; and by a most ingenious application of that 
property, he shows how the approximation may be con¬ 
tinued to any degree of accuracy, in a scries of results 
which converge with great rapidity. 

This solution appeared in the second volume of the 
Essays of the Philosophical Society of Edinburgh, for 
the year 1756. In the first volume of the 
lion, there are some other propositions of Mr 
which are an extension of a curious theorem 


book of Pappus. They have a relation to the subject of 
Porisms, and one of them forms the 91st of Dr. SinisonV 
Restoration. 

It has been already mentioned, that Dr. Stewart had 
formed the plan of introducing into the higher parts of 
mixed mathematics, the strict and simple form ol ancient 
demonstration. The prosecution of this plan produced 
the 't racts Physical and Mathematical, which were pub¬ 
lished in 1761. In the first of these. Dr. Stewart lays 
down the doctrine of centripetal forces, in a scries of pror 
positions, demonstrated (if wc admit die quadrature of 
curves) with the utmost rigour, and requiring no previ¬ 
ous knowledge of the mathematics, except the elements 
of plane Geometry, and of Conic Sections. The good 
order of these propositions, added to the clearness and 
simplicity of the demonstrations, renders this tract per¬ 
haps the best elementary treatise of Physical Astronomy 
that is any where to be found. 

In the three remaining tracts, our author had it in view 
to dctcrntinc, by the same rigorous method, the effect of . % 
those forces which disturb the motions of a secondary 
planet. From this lie proposed to deduce, not only a 
theory of the moon, but a determination of the sun’s dis¬ 
tance from the earth. The former, it is well known, is 
the most difficult subject to which mathematics have 
been applied, and the resolution required ami merited all 
the clearness and simplicity which our author possessed 
in so eminent a degree. It must be regretted therefore,, 
that the decline of L)r. Stewart’s health, which began soon 
after the publication of the tracts,, did not permit him to 
pursue this investigation. 

The other object of the tracts was, to determine the 
distance of the sun, from his effect in disturbing the mo¬ 
tions of the moon; and Dr. S/s inquiries into the lunar 
irregularities had furnished him with the means of ac¬ 
complishing it. 

The theory of the composition and resolution of forces 
enables us to determine what part of the solur force is 
employed in disturbing the motions of the moon; and 
therefore, could wc measure the instantaneous effect of 
that force, or the number of feet by which it accelerates 
or retards the moon’s motion in a second, we should be 
able to determine how many feet the whole force of the 
sun would make u body, at the distance of the moon, or 
of the earth, descend in a second of time, mid conse¬ 
quently how much the earth is, in every instunt,* turned 
out of its rectilineal course. Thus the curvature of the 
earth’s orbit, or, which is the same thing, the radius of 
that orbit, that is, the distance of the sun from the earth, 
would be determined. But the fact is, that the instanta¬ 
neous effects of the sun's disturbing force arc too minute 
to be measured; and that it is only the effect of that 
force, continued for an entire revolution, or some consi¬ 
derable portion of a revolution, which astronomers arc 

able to observe. ' - ' , 

There is yet a greater difficulty which embarrasses the 
solution of this problem. For as it is only by the dif¬ 
ference of the forces exerted by the sun on the earth and 
on the inoon* that the motions of the latter arc disturbed, 
the farther off the sun is supposed to be, the less will bo 

__ the force by which he disturbs the moon’s motions; yet 

same coHec- that force will not diminish beyond a fixed limit, and a 
Ir. Stewart’s, certain disturbance would obtain, even if the distance of 
in in the 4th the sun were infinite. Now the sun is actually placed at 
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so great a distance, that all the disturbances, which he 
produces on the lunar motions,are very near to this limit, 
and therefore a small mistake in estimating their quan¬ 
tity, or in reasoning about them, may give the distance 
of the sun infinite, or c\ l cn impossible. But all this did 
not deter Dr. Stewart from undertaking the solution of 
the problem, with no other assistance than that which 
geometry could afford. Indeed the idea of such a pro¬ 
blem had first occurred to Mr. Machin, who, in his book 
on the laws of the moon’s motion, has just mentioned it, 
and given the result of a rude calculation (the method of 
which he docs not explain), wlrich assigns S n for the 
parallax of the sun. He made use of the motion of the 
nodes; but Dr. Stewart considered the motion of the 
apogee, or of the longer axis of the moon’s orbit, as the 
irregularity best adapted to his purpose. It is well known 
that the orbit of the moon is not immoveable ; but that, in 
consequence of the disturbing force of the sun, the longer 
axis of that orbit has an angular motion, by which it 
goes back about 3 degrees in every lunation, and com¬ 
pletes an entire revolution in 9 years nearly. This mo¬ 
tion, though very remarkable and easily determined, has 
the same fault, with respect to the present problem, that 
was ascribed to the other irregularities of the moon: for 
a very small part of it only depends on the parallax of 
the sun ; and of this Dr. Stewart seems not to have been 
perfectly aware. 

The propositions however which- defined the relation 
between the sun's distance and the mean motion of the 
apogee, were published among the tracts, in 176 % 1. The 
transit of Venus happened also in that year: and the as¬ 
tronomers returned, who had viewed that curious pheno¬ 
menon, from the most distant stations; and no very sa¬ 
tisfactory result was obtained from a comparison of their 
observations. Dr. Stewart then resolved to apply the 
>rinciples he had already laid down ; and, in 176*3, he pub- 
ished his essay on the Sun’s Distance, where the compu¬ 
tation being actually made, the parallax of the sun was 
found to be no more than C"*9» and consequently his dis¬ 
tance almost 29875 scmidiaincters of the earth, or nearly 
1J9 millions of miles. 

A determination of the sun’s distance, that so far cx- 
<ecdcd all former estimations of it, was received with sur¬ 
prise, and the reasoning on which it was founded was 
likely to undergo a severe examination. But, even among 
astronomers, it was not every one who could judge in a 
matter of such difficult discussion. Accordingly, it was 
not till about 5 years after the publication of the sun’s 
distance, that there appeared u pamphlet, under the title 
of Four Propositions, intended to point out certain errors 
in Dr. Stewart’s investigation, which had given a result 
much greater than the truth. From his desire of simpli¬ 
fying, and of employing only the geometrical method of 
reasoning, he was reduced to the necessity of rejecting 
quantities, which were considerable enough to have a 
great effect on the last result. An error was thus intro¬ 
duced, which, had it not been for certain compensations, 
would have become immediately obvious, by giving the 
sun’s distance r\car three times as great as that which has 
been mentioned. 

The author of the pamphlet, referred to above, was the 
first who remarked the dangerous nature of these simple 
fications, and who attempted to estimate the error to which 
they had given rise. This author remarked what pro¬ 


duced the compensation above mentioned, viz, the im- 
, mensc variation of the sun’s distance, which corresponds 
to a very small variation of the motion of the moon's 
apogee. And it is but justice to acknowledge that, be¬ 
sides being just in the points already mentioned, they arc 
very ingenious, and written with much modesty and good 
temper. The author, who at first concealed his name, 
but has now consented to its being made public, was Mr. 
Dawson, a surgeon ut Sedbcrg in Yorkshire, and one of 
the most ingenious mathematicians and philosopher this 
country now possesses. 

A second attack was soon after this made on the Sun’s 
Distance, by Mr. Lamlen; but by no means with the 
same good temper which has been remarked in the former. 
He fancied to himsell errors in Dr. Stewart’s investiga¬ 
tion, which have no existence; he exaggerated those that 
were real, and seemed to triumph in the discovery oi 
them with unbecoming exultation. If there are any sub¬ 
jects on which men may he expected to reason dispas¬ 
sionately, they are certainly the properties of number and 
extension ; and w hatever pretexts moralists or divines may 
have for abusing one another, mathematicians can lay- 
claim to no such indulgence. The asperity of Mr. lin¬ 
den's animadversions ought not therefore to pass uncen- 
sured, though it be united with sound reasoning and accu¬ 
rate discussion. But Mr. Landen, in the zeal of correction, 
brings many other charges against Dr. Stewart, the greater 
part of which seem to have no good foundation. Such are 
his objections to the second part of the investigation, w here 
Dr. Stewart finds the relation between the disturbing f rcc 
of the sun, and the motion of the apses of the lunar orbit. 
For this part, instead of being liable to objection, is deserving 
of the greatest praise, since it resolves, by geometry alone, 
a problem which had eluded the efforts of some of the 
ablest mathematicians, even when they availed themselves 
of the utmost resources'of the integral calculus. Sir Isaac 
Newton, though he assumed the disturbing force very 
near the truth, computed the motion of the apses from 
thence only^at one half of what it really amounts to ; so 
that, had he been required, like Dr.Stewart, to invert 
the problem, he would have committed an error, not 
merely of a few thousandth parts, as the latter is alleged 
to have done, but would have brought out a result double 
of the truth. (Princip. Math. lib. 3, prop. 3.) Machin 
and Callcndrini, when commenting on this part of the 
Principia, found a like inconsistency between their theory 
and observation. Three other celebrated mathematicians, 
Clairaut, Dalembcrt, and Euler, severally experienced the 
same difficulties, and were led into an error of the same 
magnitude. .It is true, that, on resuming their computa¬ 
tions, they found that they had not carried .their approxi¬ 
mations to a sufficient length, which when they had at 
last accomplished, their results agreed exactly with ob¬ 
servation. Mr. Walmslcy and Dr. Stewart were, I think, 
the first mathematicians who, employing in the solution 
of this difficult problem, the one the algebraic calculus, 
and the other the geometrical method, were led imme¬ 
diately to the truth ; a circumstance so much for the 
honour of both, that it ought not to be forgotten. It 
was the business of an impartial critic, while he examined 
our author’s reasonings, to liure remarked and to have 
weighed these considerations. 

The Sun’s Distance was the last work which Dr. Stewart 
published; and though he lived to see the animadversions 
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made on it, that have been taken notice of above, he de¬ 
clined entering into any controversy. His disposition was 
far from polemical ; and be knew the value of that quiet, 
which a literary man should rarely suffer his antagonists 
t„ interrupt lie used to say, that the decision ot the 
point in question was now before the public; that if his 
investigation was right, it would never he overturned, and 
that il it was wrong, it ought not to he defended. 

A few months before he published the Essay just men¬ 
tioned, he gave to the world another work, entitled Pro- 
poiitiones More Vcterum Demonstrata*. It consists ol a 
sciies of geometrical theorems, mostly new ; investigated, 
first by an analysis, and afterwards synthetically demon¬ 
strated by the inversion of the same analysis. This me¬ 
thod made an important part in the analysis of the ancient 
geometricians; but few examples of it have been pre¬ 
served in their writings, and those in the Propositioncs 
Geometries arc therefore the more valuable. 

Dr. Sic watt's constant use of the geometrical analysis 
had put him in possession of many valuable propositions, 
which di<l not enter into the plan ot any of the works that 
have been enumerated. Of these, not a few have found 
a place in the writings of I)r. Simson, w here they w ill tor 
ever remain, to mark the friendship of these two mathe¬ 
maticians, and to evince the esteem which Dr. Simsdn 
entertained for the abilities of his pupil. Many of these 
arc- in the work upon the Purisms, and others in the Conic 
Sections, viz, marked with the letter x; also a theorem 
in the edition of Euclid’s data. 

Soon after the publication of the Sun's Distance, Dr. 
Stewart’s health began to decline, and the duties of his 
office became burdensome to him. In the year 1772, he 
retired to the country, where he afterwards spent the 
greater part of his life, and never resumed his labours in 
the university. Me was however so fortunate ns to have 
a son to whom, though very young, lie could commit the 
care of them with the greatest confidence. Mr. Dugnld 
Stewart, having begun to give lectures for his father from 
the period above-mentioned, was elected joint proles¬ 
sor with him in 1775, and gave an early specimen of 
those abilities, which have not been confined to a single 
science. 

After mathematical studies (on account of the bail state 
of health into which Dr. Stewart was fajling) had ceased 
to be his business, they continued to be his amusement. 
The analogy between the circle and hyperbola had been 
an early object of his admiration. The extensive views 
which that analogy is continually opening; the alternate 
appearance and disappearance of resemblance in the 
midst of so much .dissimilitude, make it an object that 
astonishes the experienced, as well as-tlic young geome¬ 
trician.. To the consideration of this analogy therefore 
the mind of Dr. Stewart very naturally returned, when 
disengaged from other speculations. His usual success 
still attended his investigations; and he has left among 
his papers some curious approximations to the areas, both 
of the circle and hyperbola. I’or some years toward the 
end of his life, his health scarcely allowed him to prose¬ 
cute study even as an nmusement. He died the 23d of 
January 1785, at 6 8 years of ago. 

The habits of study, in a inun of original genius, arc 
objects of curiosity, and deserve to be remembered. Con¬ 
cerning those of Dr. Stewart, his writings have made it 
unnecessary to remark, that from bis youth lie had been 


accustomed to the most intense and continued applica¬ 
tion. In consequence of this application, added to the 
natural vigour of his mind, he retained the memory of his 
discoveries in a manner that will hardly be believed. 

He seldom wrote down any of his investigations, till it be¬ 
came necessary to do so for the purpose of publication. 

When he discovered any proposition, he would set down 
the enunciation with great accuracy, and on the same 
piece of paper would construct very neatly the figure to 
which it referred. To these he trusted lor recalling to 
his mind, at any future period, the demonstration, or the 
analysis, however comjfficatcd it might be. Experience 
had taught him that he might place this confidence in him¬ 
self without any danger of diappointment; and for this 
singular power, lie was probably more indebted to the ac¬ 
tivity of his invention, than to the mere tenaciousness of 
his memory. 

Though Dr. Stewart was extremely studious, he rend 
but lew books, and thus verified the observation of Dalcm- 
bert, that, of all the men of letters, mathematicians read 
least of the writings of one another. Our author s own 
investigations occupied him sufficiently ; and indeed the 
world would have had reason to regret the misapplication 
of his talents, had he employed, in the mere acquisition 
of knowledge, that time which he could dedicate to works 
of invention. 

It was I)r. Stewart’s custom to spend the summer at 
a delightful retreat in Ayrshire, where, after the acade¬ 
mical labours of the winter were ended, he found the 
leisure necessary for the prosecution of his researches. 

In his way thither, he often made a visit to Dr. Simson of 
Glasgow,’with whom he had lived from his youth in the 
most cordial and uninterrupted friendship. It was pleas¬ 
ing to observe, in these two excellent mathematicians, the 
most perfect esteem and affection for each other, and the 
most entire absence of jealousy, though no two men ever 
trode more nearly in the Same path. The similitude of 
their pursuits served only to endour them to each other, 
as it will ever do with men superior to envy. Their sen¬ 
timents and views of the science they cultivated, were 
nearly the same; they were both profound geometricians; 
they equally admired the ancient mathematicians, and 
were equally versed in their methods of investigation ; 
and they were both apprehensive that the beauty of their 
favourite science would be forgotten, for the less elegant 
methods of ulgebraic computation. This innovation they 
endeavoured to oppose; the one, by reviving those books 
of the ancient geometry which were lost; the other, by 
extending that geometry to the most difficult inquiries of 
the moderns. L>r. Stewart, in particular, had remarked 
the intricacies, in which many of the greatest of the mo¬ 
dern mathematicians had involved themselves in the ap¬ 
plication of the calculus, which a little attention to the 
ancient geometry would certainly have enabled them to 
avoid. Ho hod observed too the elegant synthetical dc- # 
monstrations that, on many occasions, may be given ot 
the most difficult propositions, investigated by the mvcisc 
method of fluxions. These circumstances had perhaps 
madb a-stronger impression than they ought, on a nun 
already filled with admiration of the ancient geometry, 
and produced too unfavourable on opinion of the modern 
analysis. But if it be confessed that Dr. Stewart rated, 
•in any respect too high, the merit of the former of these $ 
sciences, this may well be excused in the man whumj 
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had conducted to the discovery of the General Theorems, 
to the solution of Kepler’s Problem, and to an accurate 
determination of the Sun’s disturbing force. His great 
modesty made him ascribe to the method he used, that 
success which he owed to his own abilities. 

The loregoing account ot Dr. Stewart and his writings, 
is chiefly extracted from the learned history ol them, by 
Mr. Playfair, in the 1st volume of the Edinburgh Philo¬ 
sophical Transactions, pa. 57, &c. 

STIFEL, Stifelius (Michael), a Protestant mi¬ 
nister, and very skilful mathematician, was born at Es- 
lingcn, a town in Germany; and died at Jena in 1 hu- 
ringia, in the year 1567, at 58 years of age according co 
Vossius, but some others say 80. Stilel was one ol the 
best mathematicians of his time. He published, in the 
German language, a treatise on Algebra, and another on 
the Calendar or Ecclesiastical computation. But his 
chief work, is the Arithmeticn Integra, a complete and 
excellent treatise, in Latin, on arithmetic and algebra, 
printed in 4to at Norintberg 1544. In this work there 
are a number of ingenious inventions, both in common 
arithmetic and in algebra; of which, those relating to the 
latter are amply explained under the article Algebra 
in this dictionary, vol. 1.; to which may be added 
some particulars concerning the arithmetic, from the first 
volume of my Tracts, pa. 231, &c. In this original 
work arc contained many curious things, some of which 
have mistakingly been ascribed to a much later date, lie 
here treats pretty fully and ably, of progressional and 
figurajc numbers, and in particular ol the triangular 
table, for constructing both them and'the coefficients of 
the terms of all powers of a binomial; which has been so 
often used since his time for these and other purposes, 
and which more than a century after was, by Pascal, 
otherwise called the Arithmetical Triangle, and who only 
mentioned some additional properties of the table. Stifel 
shows, that the horizontal lines of the table furnish the 
coefficients of the terms of the corresponding powers of a 
binomial ; and teaches how to make use ol them in the 
extraction of roots of all powers w hatever. Cardan seems 
to ascribe the invention of that table to Stifelius; but I 
apprehend that is only to be understood of its applica¬ 
tion to the extraction of roots. • 

It is remarkable too, how our author, at pa. 35.&c of 
the same book, treats of the nature and use of logarithms; 
not under that name indeed, but under the idea of a series 
of arithmetical#, adapted to a scries of geometrical*. He 
there explains all their uses ; such as, that the addition of 
them answers to the multiplication’of their geometrical# ; 
subtraction to division; multiplication of exponents to 
involution ; and dividing of exponents to evolution. He 
also exemplifies the use of them in cases of the Rulc-of- 
threc, and in finding mean proportionals between given 
terms, and such like, exactly ns is done in logarithms. 
So that he seems to have been in the full possession of 
» the idea of logarithms, and wanted only the necessity of 
troublesome calculation* to induce him to make a table 
of such numbers. 

Stifelius wrote also pretty largely on magic squares. 

Stifel was a zealous, though weak disciple of Luther. 
He"”took it into his head to become a prophet, and he 
predicted that the end of the world would happen on a 
K certain day in the year. 1553, by which he terrified many 
people. When the proposed day arrived, lie repaired 


early, with multitudes of his followers, to a particular 
place in the open air, spending the whole day in the most 
fervent prayers and praises, in vain looking lor the coming 
of the Lord, and the universal conflagration of the ele¬ 
ments, &c. 

STILE. See Style. 

ST1LYARD. Sec Steelyard. 

STOKLER (Jons), a German mathematician, was 
born at Justingen in Suabia, in 1452, and died in 1531, 
at 79 years of age. He taught mathematics at Tubinga, 
where he acquired a great reputation, which however he 
in a great measure lost again, by intermeddling with the 
prediction of future events. He announced a great de¬ 
lude, which he said would happen in the year 1524, a 
prediction with which he terrified all Germany, where 
many persons prepared vessels proper to escape w ith from 
the floods. Rut happily the prediction failing, it enraged 
the astrologer, though it served to convince him of the 
vanity of his prognostications.—He was author of several 
works in mathematics and astrology, full of foolish and 
chimerical ideas ; such as, 

1. Elucidatio Fabric. Ususque Astrolabii ; fol. 1513. 

2. Procli Spit a: ram Comment, fol. 154. 

3. Cosmographies; aliquot Descriptions; 4to, 1537. 
STONE (Edmund), a respectable mathematician, 

who was author of several ingenious works. 1 know not 
the particular place or date of his birth, but it was pro¬ 
bably in the shire of Argyle, and towards the conclusion 
of the 17 th century. Nor have we any memoirs of his life, 
except what arc contained in a letter from the Chevalier do 
Ramsay, author of the Travels of Cyrus, in a letter to 
father Castcl, a Jesuit at Paris, and published in the Me¬ 
mories de Trcvoux, pa. 109, as follows : “ True genius 
overcomes all the disadvantages of birth, fortune, and 
education; of which M r. Stone is a rare example. Rorn 
a son of a gardener of the duke of Argyle, he arrived at 8 
years of age before lie learnt to read.— By chance a ser¬ 
vant having taught young Stone the letters of the alpha¬ 
bet, there needed nothing more to discover and expand 
his genius. He applied himself to study, and he arrived 
at" the knowledge of the most sublime geometry and ana¬ 
lysis, without a'master, without a conductor, without any 
other guide but pure genius. 

“ At 18 years of age he had made these considerable 
advances without being known, und without knowing 
himself .the prodigies of his acquisitions. The duke ot 
Argyle, who joined to his militury talents a general 
knowledge of every science that adorns the inind ot a man 
of his rank, walking one day in his garden, saw lying on 
the grass a Latin copy of Sir Isaac Newton’s celebrated 
Principia. 11c called some one to him to take and carry 
it back to his librury. Our young gardener told him that 
the book belonged to him. • To you ? replied the Duke. 
Do you understand geometry, Latin,. Newton ? I know 
a little of them, replied the young man with an air of sim¬ 
plicity arising from a profound ignorance of his own 
knowledge and talents. The Duke was surprised; and 
having a taste for the sciences, he entered into conversa¬ 
tion with the young mathematician: he asked him se¬ 
veral questions, and was astonished at the force, the ac¬ 
curacy, and the candour of his answers. But how, said 
the Duke, came' you by the knowledge of all these 
things? Stone .replied, A servant taught me, ten years 
since, to read: does one need to know any thing mor» 



S T O 


[ 402 J STB 


than the 24 letters in order to learn every thing else that 
one wishes ? 1 he Duke’s curiosity redoubled—he sat down 
upon a bank, and requested a detail ol all his proceedings 
in becoming so learned. 

“ ‘1 first learned to read,said Stone: the masons were 
then at work upon your house : I went near them one 
day. and I saw that the architect used a rule, compasses, 
anti that he made calculations. I inquired what might 
be the meaning ol and use of these things; and I was in¬ 
formed that there was a science called Arithmetic; I 
purchased a book of aiithinctic, ami I learned it.—I was 
told there was another science called Geometry : I bought 
the books, and 1 learnt geometry. By reading I found 
that there were good books in these two sciences in Latin: 

I bought a dictionary, and 1 learned Latin. 1 understood 
also that there were good books of the same kind in 
I rcnch: I bought a dictionary, and 1 learned French. 
And this, my lord, is what I have done: it seems to me 
that we may learn every thing when wc know the 24 let¬ 
ters of the alphabet.' 

“ This account charmed the Duke. lie drew this won¬ 
derful genius out of his obscurity ; and be provided him 
with an employment which left him plenty of time to 
apply himself to the sciences. He discovered in him also 
the same genius for music, for painting, for architecture, 
for all the sciences which depend on calculations und 
proportions. 

“ 1 have seen Mr. Stone. lie is a man of great sim¬ 
plicity. He is at present sensible of his own knowledge; 
but he is not pulled tip with it. lie is possessed with a 
pure and disinterested love for the mathematics; though 
he is not solicitous to puss for a mathematician; vanity 
having no part in the great labour he sustains to excel in 
that science. He despises fortune also ; and he has soli¬ 
cited me twenty times to request the duke to give him less 
employment, which may not be worth the liulf of that he 
now has, in order to be more retired, und less taken oil' 
from his luvouritc studies.* He discovers sometimes, by 
methods of his own, truths which others have discovered 
before him ; and he is charmed to find on these occasions 
that he is not a first inventor, and that others hafre made 
a greater progress than lie thought. Far from being a 
plagiary, he atiributes ingenious solutions, which he gives 
to certain problems, to the hints he has found in others, 
although the connexion is but very distant,” &c. 

Mr. Stone was author and translator of several useful 
works; viz, A New Mathematical Dictionary, in 1 vol. 
8vo, first printed in 1/26*. 

2. Fluxions, in 1 vol. 8vo, 1730. The Direct Method 
is u translation from the French, of Hospital’s Analyse 
dcs Infiiiimciits Petits; and the Inverse Method was sup¬ 
plied by Stone himself. 

3. The Elements of Euclid, in 2 vols. 8vo, 1731. A 
neut and useful edition of this work, with an account of 
the life and writings of Euclid, and a defence of, his ele¬ 
ments against modern objectors. 

4. Dr. Burrow’s Geometrical Lectures, translated from 
the Latin, I vol. 8vo, 1735. 

Besides other smaller works. 

Stone was a fellow of the lloyal Society, and had 
inserted in the Philos. Trans, (vol. 41, pit. 218) an “ Ac¬ 
count of two species of lines of the 3d order, not men¬ 
tioned by Sir Isaac Newton, or Mr. Stirling.” 

Stones, Meteoric , certain scmi-metallic masses which 
sometimes lull from the atmosphere. Sec Aerolite 


STRABO, a celebrated Greek geographer, philosopher, 
and historian, was born at Amasia, and was descended 
from a family settled at Gnossus in Crete. He was the 
disciple of Xcnarchus, a Peripatetic philosopher, but at 
length attached himself to the Stoics. He contracted a 
strict friendship with CorneliusGallus, governor of Egypt; 
and travelled into several countries, to observe the situa¬ 
tion of places, and the customs ol nations. 

Strabo nourished under Augustus; and died under Ti¬ 
berius about the year 25, at a very advanced age.—He 
composed several works; all of which are lost, except 
his Geography, in 17 books; which arc justly esteemed 
very precious remains of antiquity. The first two books 
arc employed in showing, that the study of geography is 
not only worthy of a philosopher, but even necessary to 
him ; the 3d describes Spain ; the 4th, Gaul and the Bri¬ 
tannic isles; the 5th and 6th, Italy and the adjacent isles; 
the 7th-, which is imperfect at the end, Germany, the 
countries of the Geta* and lllyrii, Ttiurica, Chersonesus, 
and Epirus; the 8th, 9th, and 10th, Greece with the 
neighbouring isles ; the four following, Asia within Mount 
Taurus; the 15th and 16th, Asia without Taurus, India, 
Persia, Syria, Arabia; and the 17th, Egypt, Ethiopia, 
Carthage, and other parts of Africa. 

Strabo’s work was published with a Latin version by 
Xylnnder, and notes by Isaac Casaubon, at Puris 1620, 
in folio ; but a better edition is that of Amsterdam iQ 
1707, in 2 volumes folio, by the learned Theodore Junson 
of Almelooveen, with the entire notes of Xyluitdcr, Ca¬ 
saubon, Mcursius, Cluver, Moisten, Salmasius, Bocliart, 
Ez. Spanheim, Collar, and others. To this edition is sub¬ 
joined the Chrcstomathia:, or Epitome of Strabo ; which, 
according to Mr. Dodswcll, who has written a very elabo¬ 
rate and learned dissertation about it, was made by some 
unknown person, between the years of Christ 676 and 
996. It has been found of some use, not only in helping 
to correct the original,* but in supplying in some measure 
the defect in the 7th book. Mr. Dodswcll’s dissertation 
is prefixed to this ediliou. An edition has lately been 
published at Oxford. 

STRAIT, or Straight, or Streigiit, in Hydrogra¬ 
phy, is a narrow chunncl or arm of the sea, shut up be¬ 
tween lands on either side, and usually affording u passage 
out of one great sea into another. As the Straits of Ma¬ 
gellan, of Lc Marie, of Gibraltar, &tc. 

Strait is also sometimes used, in Geography, for an 
isthmus,or neck of land between two seas,preventing their 
communication. 

STRENGTH, r is, force, power. Some authors suppose 
the strength of animals, of the same kind, to depend on 
the quantity of blood; but most tin the size of the bones, 
joints, and muscles; though wfc find by daily experience, 
that the animal spirits contribute greutly to strength at 
different times. 

Emerson has most particularly treated of the strength* 
of bodies depending on their dimensions and weight. It™ 
the general scholium after his Dropositions on this sub¬ 
ject, he adds ; If a certain beam of timber be able to 
support a given weight; another beam, of the sarao tim¬ 
ber, similar to the former, may be tuken so great, as to bo 
able butjustto bear its own weight: while any larger beam 
cannot support itself, but must break by its own weight; 
but any less beam will bear something more. For tho^g 
strength being as the cube of the depth ; and the stress, 
being as the length and quantity of matter, is as the 4th 
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power of the depth ; it is plain, therefore, that the stress 
increases in a greater ratio than the strength. W hence it 
follows, that a beam may be taken so large, that the stress 
may far exceed the strength : and that, ot all similar 
beams, there is but one that will just support itself, and no¬ 
thing more. And the like holds true in all machines,and 
in all animal bodies. And hence there is a certain limit, 
in regard to magnitude, not only in all machines and ar¬ 
tificial structures, but also in natural ones, which neither 
art nor nature cun go beyond ; supposing them made ot 
the same matter, and in the same proportion ot parts. 

Hence it is impossible that mechanic engines can be 
increased to any magnitude at pleasure, tor when they 
arrive at a particular size, their several parts will break 
and fall asunder by their own weight. Neither can any 
buildings of vast magnitudes be made to stand, but must 
fall to pieces by their great weight, and go to ruin. 

It is likewise impossible lor nature to produce animals 
of any vast size at pleasure: except some sort of matter 
can be found, to make the bones of. which may be so 
much harder and stronger than any hitherto known: or 
else that the proportion of the parts be so much altered, 
and the bones and muscles made thicker in proportion; 
which will make the animal distorted, and ot a monstrous 
ligure, and not capable of performing any proper actions. 
And being made similar and of common matter, they will 
not be able to stand or move ; but, being burthened with 
their owji \vcight, must lall down. I hus, it is impossible 
that there can be any animal so large as to carry a castle 
upon his back; or any man so strong as to remove a 
mountain, or pull up a large oak by the roots : nature will 
not admit of these things;, and it is impossible that there 
can be animals of any sort beyond a determinate size. 

Fish may indeed be produced to a larger size than land 
animals; because their weight is supported by the water, 
liut yef even these cannot be increased to immensity, be¬ 
cause thcintcriial parts will press upon one another by 
their weight, and destroy their fabric. 

On the contrary, when the size of animals is diminish¬ 
ed, their strength is not diminished in the same propor¬ 
tion as the weight. For which reason a small animal will 
carry far more than a weight equal to its own, while a 
great one cannot carry so much as its weight. And 
hence it is that small animals are more active, will run 
faster, jump farther, or perform any motion quicker, for 
their weight, than large animals: for the less the animal, 
the greater the proportion of the strength to the stress. 
And nature seems to/know no bounds as to the smallness 
of animals, at least in regard to their weight. 

Neither can any two unequal and similar machines re¬ 
sist any violence alike, or in the same proportion ; but the 
greater will be more hurt than the less. And the same is 
true of animals ; for large animals by falling break their 
bones, while lesser ones, falling higher, receive no damage. 
Thus a cat may fall two or three yards high, and be no 
worse, and an ant from the top of a tower. 

It is likewise impossible in the nature of things, that 
there can be any trees of immense size; if there were any 
such, their limbs, boughs, and branches, must break off 
and fall down by their own weight. Thus it is impossible 
there can, be an oak a quarter of a mile high; such a 
tree cannot grow or stgnd, but its branches will drop off 
by their own weight. And hence also smaller plants can 
1 better sustain themselves than large oneS- 


As to the due proportion of strength in several bodies, 
according to their particular positions, and the weights 
they arc to bear; lie further observes that, it a piece ot 
timber is to be pierced with a mortise-hole, the beam will 
be stronger when it is taken out ol the iniJdle, than when 
taken out of either side. And in a beam supported at 
both ends, it is stronger when the hole is made in the 
upper side than when made in the under, provided a piece 
of wood is driven hard in to till up the hole. 

It a piece is to be spliced upon the end of a beam, to 
be supported at both ends; it will be the stronger when 
spliced on the under side of a beam: but if the* piece is 
supported only at one end, to bear a weight on the other; 
it is stronger when spliced on the upper side. 

When a small lever, &c, is nailed to a body, to move 
it or suspend it by ; tin* strain is greater upon the* nail 
nearest the hand, or point where the* power is applied. 

If a beam be supported at both ends; and the two ends 
reach over the props, and be lixed down immoveable; it 
will bear twice as much weight, as w hen the ends only lie 
loose or free upon the supporters. 

When a slender cylinder is to be supported by two 
pieces; the distance of the pins ought to be nearly ^ of 
the length of the cylinder, and the pins equidistant from 
its ends; and then the cylinder will endure the least 
bending or strain by its weight. 

The strength of a beam or bar, to resist a fracture by 
a force acting laterally, is as a solid, made by a section 
of the beam in the place where the force is applied, into 
the distance of its centre of gravity, from the point or line 
where the breach will end. 

In square beams, the lateral strengths areas the cubes 
of tbt breadths or depths: and in cylindrical beams, the 
strengths are as the cubes of the diameters; the same is 
also true of all beams whose sections arc similar figures, 
that is, the strengths are as the cubes of the correspond¬ 
ing dimensions. 

•In rectangular beams the lateral strengths arc conjointly 
as the breadths and squares of the depths. Hence the 
lateral strength of a beam with its narrower face upwards, 
is to its strength with its bioadcr face upwards, as the 
breadth of the broader face to the narrower one. 

The lateral strengths of prismatic beams of the same 
materials, are as the areas ol the sections and the dis¬ 
tances of their centres of gravity, directly, and as their 
lengths and weights, inversely. This is true whether the 
beams be both supported at one end or at both ; ami in 
the latter case, a beam ol any length is equal in strength 
to another of the same breadth and depth and of only 
half the length, when supported at one end. 

The lateral strengths of two cylinders (of the same 
matter) of equal weight ami length, one ol which is hol¬ 
low and the other solid, arc to each other ns thcdiametcrs 
of their ends.—The lateral strengths of tubes and solid 
cylinders of equal length and siinilur materials, are as the 
areas of their ends and their diameters conjointly. 

The strongest rectangular beam which can be cut out 
of a given cylinder, is that of which the squurcs of the 
breadth and depth, and the square of the cylinder’s dia¬ 
meter, are respectively as the numbers 1, 2, and *3.— 
When a triangular beam is support* d at both ends, its 
strength when the edge of the beam is uppermost, is 
to the strength when the other side is uppermost, as 
2 to 1. 
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A beam fixed at one end, and 
bearing a weight at the other; if 
it be cut in the form of a wedge, 
and placed with its parallel sides 
parallel to the horizon ; it will be 
equally strong every where; and 
no sooner break in one place than another. 

When a beam has all its sides cut in form of a con- 



If a beam be placed hori¬ 
zontally with -one end fixed to 
a wall, and a weight be hung at 
the other, then if its breadth be 
the same throughout, it will be 
equally strong in all parts, when 
the vertical sides are in the form 
of a parabola. 

Moreover, if ae be a beam in form of a triangular 
prism; and if ad = £ai», and ai 
= £ac, and the edge or small si¬ 
milar prism a nip be cut away pa¬ 
rallel to the base; the remaining 
beam didf.f will bear a greater 
weight p, than the whole abceg, 
or the part will be stronger than the 
whole ; which is a paradox in Mechanics. 

Also when a wall faces the wind, and if the vertical 
section of it be a right-angled triangle; or if the fore 
part next the wind &c be perpendicular to the horizon, 
and the back pnrt a sloping plane; such a wall will be 
equally strong in all its parts to resist the wind, if the 
parts of the wall cohere strongly together ; but when it 
is built of loose materials, it is better to be convex on the 
back part in form of n parnbola. 

When a wall is to support a bank of earth or any fluid 
body, it ought to be built concave in form of a scmicubi- 
cal parabola, whose vertex is at the top of the wall, pro¬ 
vided the parts of the wall adhere firmly together. But 
if the parts be loose, tlu?n a right line or sloping plune 
ought to be its figure. Such walls will be equally strong 
throughout. 

All spires of churches in tho form of cones or pyra¬ 
mids, arc equally strong in all parts to resist the wind. 
But when the parts do not cohere together, then they 
ought to be parabolic conoids, to be equallystrongthrough- 
out. 

Likewise if there be a pillar erected in form of the lo¬ 
garithmic curve, the asymptote being the axis; it can¬ 
not be crushed to pieces in one part sooner than in ano¬ 
ther, by its own weight. And if such n pillar be turned 
upside down, and suspended by the thick end, it will not 
be more liable to separate in one part than another, by its 
own weight. 

As to the strength of several sorts of wood, drawn from ex¬ 
periments, Mr. E. says, On a medium, a piece of good oak, 
an inch square, and a yard long, supported at both ends, 
will bear in the middle, fora very short time, about 3301b 
avoirdupois, but will break with more than that weight; 


But such a piece of wood should not, in practice, be 
trusted for any length of time, with more than a third or 
a fourth part of that weight. And the.ptoporlion of the 
strength of several sotts of wood, he found to be as fol¬ 


lows : - • « 

Box, oak, plumtrcc, yew - - - 11 

Ash, elm ••*•••• 8| 

Thorn, walnut ------ 7* 

Apple tree, elder, red fir, holly, plane 7 
Beech, cherry, liazle - - - - 

Alder, aspi birch, white-fir, willow 6 

Iron.107 

Brass - -- -- -- - 50 

Bone ---------.22 

Lead. Oi 

Fiiie free stone ------ 1 

As to the strength of bodies in direction of the fibres, he 


observes, A cylmdric rod of good clean fir, of an inch cir¬ 
cumference, druwn in length, will bear at extremity 
400lb; and a spear of fir 2 inches diameter, will bear 
about 7 ton.—A rod of good iron, of an inch circumfer¬ 
ence, will bear near 3 ton weight. And a good lumpen 
rope of an inch circumference, will bear 10001b. at ex¬ 
tremity. 

All this supposes these bodies to be sound and good 
throughout; but none of them should be pul to bear more 
than a third or a fourth part of that weight, especially for 
any length of time. From what has been said; jf a spear 
of fir, or a rope, or a spear of iron, of d inches diameter, 
were to lift i the extreme weight; tlu-n 

The fir would bear b $Jd hundred weight. f 

The rope would bear 22dd hundred weight. 

.The iron would bear 6idd ton weight. 

See on this subject Gregory’s Mechanics, vol. 1, pa. 104, 
and following: as also Emerson on the same subject in 
bis 4to edition. Also my Course of Mathcmntics, sol. 2. 

As to animals; men may apply their strength several 
ways, in working a machine. A man of ordinary strength 
turning a roller by the handle, can act for a whole day 
against a resistance equal to30lb. weight; and if lie works 
10 hours a day, he will raise a weight of 30lb. through 
3‘ feet in a second of time; or if the weight be greater, 
he will raise it so much less in proportion. But a man 
may act, for a small time, nguinst u resistance of 30lb. or 
more. 

If two men wprk at a windlass, or roller, they can more 
easily draw up 70lb, thanoneman can SOlb, provided the 
elbow of one of the handles be at right angles to that ol 
the other. And with a fly, or heavy wheel, applied to it, 
a man may do j part more work; .and for a little while be 
enn act with a force, or overcome a continual resistance, 
of SOlb; and work a whole day when the resistance is but 
401b.—Men used to bear loads, such as porters, will carry, 
some 1501b, others 200 or 250lb, according to their 
strength.—A mnn can draw but about 70 or SOlb. 
tally ; for he cun but apply about half his weight.—» "W 
weight of a man be 1401b, he can act with no greater« 
force in thrusting horizontally, at the height of his shoul¬ 
ders, than 27lb. 

As to horses; a horse is, generally 5 P cak »|‘g> , JL 
ns 5 men. A horse will carry 240 or 2/0lb. A horse 
draws to greatest advantage, whjffl the line of direction, _ 
a little elevated above the horizon, and > the power acu^ 
ogainsl his breast': and ho can draw 200 lb. for 8 bourse 
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day, at 24 ir.ilcs an hour. If he draw 240lb, he can work 
but 6 hours, and not go quite *0 fast. And in both cases, 
if he carries some weight, he will draw the better lor it. 
And this is the weight a horse is supposed to be able to 
draw over a pulley out of a well. But in a cart, a horse 
may draw 10001b, or even double that weight, or a ton 
weight, or more. 

As the most force a horse can exert, is when he draws 
a little above the horizontal position: so the worst way oi 
applying the strength of a horse, is to make him carry 0 / 
draw uphill : And three men in a steep hill, carrying each 
1001b, will climb up faster than a horse with 3001b. Also, 
though a horse may draw in a round walk of 18 feet dia¬ 
meter ; yet such a walk should not be less than 23 or 30 
feet diameter. Emerson’s Meehan, pa. 1 1 1 and 177- 

Ior more on this subject, see Girard’s treatise on the 
Resistance of Solids; Gregory’s Mechanics, vol. 1 ; my 
Course of Mathematics, vol. 3, &c. 

STRESS, in Mechanics, a familiar term used to denote 
the loud, weight, or force, which a bar or beam has to 
sustain; being as the distress or oppression which it has 
to sustain and support; whether arising from its own 
weight, or from any adventitious load or force whatever. 
This is commonly treated of in conjunction with the 
strength, as in the preceding article; or as in the Mecha¬ 
nics of Emerson or of Gregory, or in my Course of Ma¬ 
thematics, &c. 

STRIKE, or Stryke, a measure, containing 4 bushels, 
or half a quarter. 

STRIKING-ti’/icW, in a clock, the same as that by some 
called the pin-wheel, because of the pins which are placed 
on the round or rim, the number of which is the quotient 
of the pinion divided by the pinion of the detent-wheel. 
In sixteen-day clocks, the first or great wheel is usually 
the pin-wheel ; but in such as go 8 days, the second wheel 
is the pin-wheel, or striking-wheel. 

STRING, in Music. Sec Chord.—I f two strings or 
chords of a musical instrument only differ in length ; their 
tones, or the number of vibrations they make in the same 
time, are in the inverse ratio of their lengths. If they dif¬ 
fer only in thickness, their tones arc in the inverse ratio of 
their diameters. 

As to the tension of strings, to measure it regularly, 
they must be conceived stretched or drawn by weights ; 
and then, caeteris paribus, the tones of two strings arc in a 
direct ratio of the square roots of the weights that stretch 
them; that is, ex. gr. the tone of a string stretched by a 
weight 4, is an octave above the tone of a string stretched 
by the weight 1. 

It is an observation of very old standing, that if a viol 
or lute-string be touched with the bow, or the hand, ano¬ 
ther string on the same instrument, or even on another, not 
far from it, if in unison with it, or in octave, or the like, 
will at the same time tremble of itself. But it-is now 
Found, that it is not the whole of that other 3tring that 
thus trembles, but only the parts, severally, according as 
they are unisons to the whole, or the parts, of the string 
so struck. Thus, supposing 

a b to bean upper octave to a 1 *, a-b 

and therefore an unison to each a -- b 

half of it, stopped at c; if j 1 * 

while ub is - open, a i> be struck, 

the two halves of this other, that is, ac , and eh % will both 
tremble; but the middle point will be at rest; as will be 
easily perceived, by wrapping a Lit of paper ligbtly about 
Vol. II. 


the string ah, and moving it successively fioni 011 c end of 
the siring to the other. In like manner, if ah were an 
upper 12 ih to ab, and consequently an unison to Us three 
parts ad, de, cb ; then, ab being opt », if a h be struck, the 
three parts of the other, ad y dc, cb will sevcially tremble; 
but the points d and c remain at rest. 

Ibis, Dr. Wallis tells .yus, was first discovered by Mr. 
William Noble of Merton college; and alter him by Mr. 
T. Bigot of Wadham college, without knowimr that Mr. 
Noble bad observed it before. To which may be added, 
that M. Sauvcur, long afterwards, proposed it to the Royal 
Academy at Paris, as his own discovery, which in reality 
it might be; but upon his being informed, by some ol the 
members then present, that Dr. Wallis bad published it 
before, he immediately resigned all the honour of it. 
Philos. Trans. 

STURM, or Sturm 1 us (John Christopher), a ce¬ 
lebrated mathematician and philosopher, was born at Hip- 
poUtcin, 1635, where also he died in 1703. He was first 
minister of a church in Germany during 5 years ; and 
then became professor of mathematics and natural phiio- 
sophy, at Altdorf in Germany. lie exerted himself 
greatly in the cause of literature, and was very useful, by 
his lectures and otherwise, in explaining and diffusing the 
knowledge and discoveries made in that remarkable age, 
the 17th century; as manifest by all his writings. — He 
was author of several useful works, on the mathematics 
and philosophy, the most esteemed of which are, 1 , his 
Muthcsis linuclcata, in one vol. 8 vo ; 2. Mathcsis Juve¬ 
nilis, in 2 large volumes Svo ; 3. A large collection of 
letters to Dr. Henry More, of Cambridge, on the contro¬ 
versy concerning the weight and spring of the air; 4. 
Sturm published also a German translation of Archi¬ 
medes. 5. But his most considerable work was, the Colle¬ 
gium Experimental sivcCuriosum, in quo primaria hujus 
seculi Invcnta ct Expcriracnta Physico-Mathcmalica, an. 
16*72, quibusdam naturae demonstrative &c, Norimb. an. 
1076, in 4to.—In 16S4 the author gave a second, and 
much larger part, of the like collection of discoveries, 
made till that era ; with an appendix of further additions 
and explanations to the particulars in the first part. Edi¬ 
tions of these two parts, and of the letters to Dr. More, 
were also printed in 1701 and 1715, together with several 
appendixes, the whole being usually bound in one large 
volume in 4to. 

'This is a very curious work, containing a multitude of 
interesting experiments, neatly illustrated by copper-plate 
figures printed upon almost every page,-by the side of the 
letter-press. Of these, the 10 th experiment is an improve¬ 
ment on-father Lana's project for navigating a small ves¬ 
sel suspended in the atmosphere by several globes exhaust¬ 
ed of air. But a more particular and satisfactory account 
of this work may be seen in the Philos. Trans, vol. 10, 
pa. 505, or in my Abridgment, vol. 2, pa. 265. 

STYLE, in Chronology, a particular manner of count¬ 
ing time; as the old style, the new style. See Calen¬ 
dar. 

Old Style, is the Julian manner of computing, as in¬ 
stituted by Julius Ctesar, in which the mean year consists 
of 365 i days. 

New Style, is the Gregorian manner of computation, 
instituted by pope Gregory the 13th, in the year 1582, 
and is used by most catholic countries, and many other 
states of Europe. The Gregorian, or new style, agrees 
with the true solar year, which contains only 365 days 5 
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hours 49 minutes. In the year of Christ 200, there was no 
difference of styles. In the year 1582, when the new 
style was first introduced, there was a difference of 10 
days. At present there is 12 days difference. At the 
diet of Ratisbon, in the year 1700, it was decreed by the 
body of protestants of the empire, that 11 days should be 
retrenched from the old style, to accommodate it for the 
future to the new ; and another day having been retrench¬ 
ed ill the year 1800, it makes the difference of 12 days, 
as above stated. The same regulation has since passed into 
Sweden, Denmark, and into England, where it was esta¬ 
blished in the year 1752, when it was enacted, that in all 
dominions belonging to.the crown of Gieat Britain, the 
supputation, according to which the year of our Lord be¬ 
gins on the 25th day of March, shall not be used Iromand 
after the last day of December 1751 ; and that from thence¬ 
forth,the 1st day of January every year shall be reckoned 
to be the first day of the year : and that the natural-day 
next immediately following the 2d day of September 1752, 
shall be accounted the 1 Vth day of September, omitting 
the 11 intermediate nominal days of the common calendar. 
It is further enacted, tlmt all kinds of writings, &c, shall 
bear date according to the new method of computation, 
and that all courts and meetings &(C, feasts, fasts, &c, 
shall be held and observed accordingly. And for pre¬ 
serving the calendar in the same regular course for the 
future, it is enacted, that the several years of our Lord 
1800, 1900, 2100, 2200, 2300, &c, except only every 
400th year, of which the year 20C0 shall be the first, shall 
be common years of 3(>5 clays, and that the years 2000, 
2400, 2800. &c, and every other 400th year from the year 
SOOOinclusive, shall be leap years, consisting of 366 days. 
See Bissextile and Calendar. 

The following table shows by what number of days the 
new si)lc differs from the old, from 5900 years before the 
birth of Christ, to 5900 years after it. The days under 
the sign — (viz from 6000 years before to 200 years after 
Christ) are to be subtracted from the old style, to reduce 
it to the new ; and the days under the sign (viz from 
200 to 5900 years alter Christ) arc to be added to the old 
style, to reduce it to the new.—All the years mentioned in 
the table are leap years in the old style; but those only 
that arc marked with an a are leap years in I e new. 


Yean before Christ. 

Day* diff. II 

Year* after Curiit. 

Dasirfiff. 

New Styl*. 

1 IOAA 

' H 

on 

New 

1 linn 

T 

t o 


Years before Christ. 
New Style . 

' 5.900 

5800 
5700 
L 5600 
5500 
5400 
5300 
L 5200 
5100 
5000 
45)00 
L 4800 
4700 
4600 
4500 
L 4400 
4300 
4200 
4100 


Davs diff. 


4 6 
45 
44 
44 
43 
42 
41 
41 
40 

3.9 

38 

38 

37 « 

36 

35 

35 

34 

33 

32 


Years 

Nc 


after Christ. 4 
cw Style. I 


Days ch(F. 


0 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 


-2 
— 1 
0 
*M 
1 
2 

3 

4 

4 

5 

6 

*7 

7 

8 

9 

10 

10 
1 1 
12 


3900 
3800 
3700 
L 3600 
3500 
3100 
3SOO 
L 3200 
3100 
3000 
2900 
L 2800 
2700 
2000 
2500 
L 2400 
2300 
2200 
2100 
L 2000 
1900 
1800 
1700 
L 1600 
1500 
1400 
1300 
L 1200 
1100 
1000 
900 
L 800 

700 
600 
500 
L 400 
300 
200 
100 
L ' 0 


31 

30 

29 
29 
28 
27 
2 6 
26 
25 
24 
23 
23 

OO 

21 

20 

20 

1.9 

15 
17 
17 

16 

15 
14 
14' 
13 
12 
11 
11 
10 

9 

8 

8 

7 

•6 

5 

5 

4 

3 

2 

2 


L 2000 
2100 
2200 ' 
2300 
L 2400 
2500 
2600 
2700 

L 2800 
2900 
3000 
3100 
L 3200 
3300 
3100 
3500 
L 3600 
3700 
3800 
3900 
L 4000 
4100 
4200 
4300 
L 4400 
4500 
4600 
4700 
L 4800 
4900 
5000 
5100' 
L 5200 
5300 
5400 
5500 
L 5600 
5700 
5800 
5900 


13 

14 

15 

16 
16 

17 

18 

19 

19 . 

20 
21 
22 
22 

23 

24 

25 

25 

26 

27 

28 
28 

29 

30 

31 

31 

32 

33 

34 

34 

35 
3 6 
37 

37 

38 

39 

40 

40 

41 

42 

43 


The French nation, during the revolution in the year 
1792, commenced another new style, or computation of 
time; according to which, the year commenced usually 
on our 22d of September. The y. ar is divided into 12 
months of 30 days each ; and each month into 3 decades 
of 10 days each. For the names and computations of 
which, see the article Calendar.— They lmvc lately 
however returned to the fonder general way of counting 
time. 

StvIe, in Dialling, denotes the cock or gnomon, 
raised above the plane of the dial, to project a shadow, * 
—The edge of the style, which by its shadow marks 
the hours on the face of the dial, is to be set accor - 
ing to the latitude, always parallel to the axis of the 

world. , . , 

‘ STYLO BATA, or Stylobatojt, in Architecture, the 
same with the pedestal of a column. It is sometimes 
taken for the trunk of the pedestal, between the cornice? 
and the base, and is then called truncus. It is also other* 

wise named abacus. . . 

SUBCONTRARY position, in Geometry, is when two 


t 
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equiangular triangles, as VABanil 
vcI) are so placed as to have one 
common angle v at the vertex, 
and yet their .bases not parallel. 

Consequently the angles at the 
bases are equal, but on the con¬ 
trary sides; viz, the Z. a = Z. c, 
and the Z. B = Z. D. 

If the oblique cone vab or xub, 
having the circular base alii, or 
aeb, be so cut by a plane dec, 
that the angle d be = the Z. B, or the Z.c = Za, then 
the cone is said to be cut, by this plane, in a subcon¬ 
trary position to the base aeb, or acb ; and in this case 



the section i>lc is always a circle, as well* as the base 
aeb or acb. 

SUBDUCTION, in Aritb. the same as Subtraction. 

SUBDUPLE Ratio, is when any number or quantity 
is the half of another, or contained twice in it. Thus, 
3 is saiil to be subdublc of 6, as 3 is the half of 6, or is 
twice contained in it. 

SUBDUPLICATE Ratio, of any two quantities, is the 
ratio of their square roots, being the opposite to duplicate 
ratio, which is the ratio of the squares. Thus, of the 
quantities, a and b, the subduplicate ratio is that of ^/a to 

or a 7 to b ^, as the duplicate ratio is that of a - to b 2 . 

SUBLIME Geometry 9 the higher geometry, or that of 
curve lines. See Geometry. 

SUBLUNARY, is said of all things below the moon; 
as all things on the earth, cr in its atmosphere, &c. 

SUBMULTIPLE, the contrary of a multiple, being a 
number or quantity which is contained exactly a certain 
number of times in another of the same kind ; or it is the 
same as an aliquot part of it. Thus, 3 is a submultiple of 
21, or an aliquot part of it, because 21 is a multiple of 3. 

Sub multi PL K Ratco , is the ratio of a submultiplc or 
aliquot part, to its multiple; as the ratio of 3 to 21. 

SUBNORMAL, in Geometry, is the subperpendicular 
AC, or line under the perpendicular to the curve bc, a 
term used in curve lines to denote the distance ac in the 
axis, between the ordinate ad, and the perpendicular 
bc to the curve or to the tangent. 

And the said perpendicular kc is R 

the normal.—In all curves, the sub¬ 
normal ac is a 3d proportional to 
the subtangent ta and the ordinate T V 
ab; and jn the purabola, it is equal to half the parameter 
of the axis. 

SUBSTITUTION, in Algebra, is the putting and 
using, in an equation, one quantity instead of another 
which is equal to it, but expressed after another manner. 
See Reduction of Equations. 

SUBSTILE, or Substylr, in Dialling, a right line 
upon which the stile or gnomon of a dial is erected, being 
the common section of the face of the dial and a plane 
perpendicular to it passing through the stile.—The angle 
included between this line and the stile, is called the ele¬ 
vation or height of the stile. 

In polar, horizontal, meridional, and northern dials, 
the 6ubstilar line is the meridional line, or line of 12 
o'clock ; or the intersection of the plane of the dial with 
that of the meridian.—In all declining dials, the substile 
makes an angle with the hour lirte of 12, and this angle 
is called the distance of the substile from the moridian.— 
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In easterly and westerly dials, the substilar line is the line 
of 6 o'clock, or the intersection of the dial plane with 
the prime vertical. 

SUBTANGENT of a Curve, is tliedinc ta in the axis 
below the tangent tb, or limited between the tangent and 
ordinate to •the point of contact. (Seethe last figure 
above.)—The tangent, subtangent, and ordinate, make 
a right-angled triangle. 

In all parabolic and hyperbolic figures, the subtangent is 
equal to the absciss multiplied by the exponent of the power 
of the ordinate in the equation of the curve. r \ bus, in the 
common parabola, whose property or e quation is pi = y*, 
the subtangent is equal to 2 jt, double the absciss. And 

if qi’ = y\ or p r = y* % then the subtanjicnt 

Also if a m x =y 

See Method of Tangents. 

SUBTENSE, in Geometry, of an arc, is the same as 



, mi a ■ »ii v u a i^v a a v IS " 

m+n rv + n . 

or px =y - , the subtan. is 
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the chord of the arc; but of an angle, it is a line drawn 
across from the one leg of the angle to the other, or be¬ 
tween the two extremes of the arc that measures the angle. 

SUBTRACTION, or Subtraction, in Arithmetic, 
is the taking of one number or quantity from another, to 
find the remainder, or difference between them ; and is 
usually made the second rule in arithmetic. The greater 
number or quantity is called the minuend, the less is the 
subtrahend, and the remainder is the difference. Also 
the sign of subtraction is —, or minus. 

Subtraction of Whole Numbers , is performed by 
setting the less number below the greater, as in addition, 
units under units, tens under tens, &rc ; and then, pro¬ 
ceeding from the right hand towards the left, subtract or 
take each lower figure from that above it, and set down 
the several remainders or differences underneath ; and thi-se 
will compose the whole remainder or difference of the two 
given numbers. But when any one of the figures of the 
under number is greater than that of the upper, from 
which it is to he taken, you must add 10 (in your mind) 
to that upper figure, then take the under one from this 
sum, and set the difference underneath, carrying or adJ- 
ing 1 to the next under figure to be subtracted. Thus, 
for example, to subtract 2904821 from 3/409732 

Minuend 37409732 

Subtrahend 2904821 

Difference 34504911 
Proof 37409732 

To prove Subtraction : Add the remainder or difference 
to the less number, and the sum will bc equal to the 
greater when the work is right. 

- Subtraction of Decimals, is performed in the same 
manner as in whole numbers, by observing only to set 
the figures or places of the same kind under each other. 
Thus: 

From 35P04 *479 27 

Take 72*71 *0573 0*936 

Rem. Diff. 278 33 -4217 26*064 

To Subtract Vulgar Fractions . Reduce the two fractions 
to a common denominator, if they have different ones ; 
then take the less numerator from the greater, and set the 
remainder over the common denominator, for the differ¬ 
ence sought.—It is best to set the less fraction aLcr the 
greater, with the sign ( —) of subtraction between them, 
and the mark of equality ( =) after them. 

3 0 2 
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5f Subtract iov, in Algebra, is performed by changing the 
sii-ns oi all th< terms of the subtrahend, lo their contrary 
sions, viz, -t- into —, and — into ; and then uniting 
th»- lev ms with those of the minuend alter the manner ol 
addition of Algebra. 

Ex. From 4- 6a 
Take 4- 2a 

Rem. 6a — 2a = \n . 

From 4- 6a 

Take - 2a 

Rein. 6a 4- Qa = 8a. 

From — 6a 

lake 4- 2a 

Rem. — 6a — 2a = — 8a. 

From — 6ci 

Take — 4a 

Rem. — 6a 4 - 4a = — 2a. 

From 2a — 3r 4- 5z — 6 

Take 6a 4- 4x 4- 5z + 4 

Rem. — 4a — 7x 0 — 10 

SUBTR1PLE, is when one quantity is the third part of 
another; as 2 is subtriple of 6. And Subtriple Ratio, 
is the ratio of 1 to 3. 

SUBTRIPLICATE Ratio , is the ratio of the cube roots. 

So the subtriplicate ratio ol a to b, is the ratio ol y/a to 
j. x 
}/by or of a 1 to b 3 . 

SUCCESSION of Signs, in Astronomy, is the order in 
which they are reckoned, or follow one another, and ac¬ 
cording to which the sun enters them ; called also consc- 
quentia. As Aries, Taurus, Gemini, Cuncer, See. When 
a planet goes according to the order and succession of the 
signs, or in conscquentin, it is said to be ‘direct; but re¬ 
trograde when they move the contrary way, or in antece¬ 
dents, as from Gemini to Iaurus, then to Aries, &c. 

SUCCULA, in Mechanics, a bare axis or cylinder 
with staves in it to move it round ; but without any tym¬ 
panum, or peritrochium. 

SUCKER, in Mechanics, a name by which sometimes 
is called the piston or bucket, in a sucking pump; and 
sometimes the pump itself is so called. _ • 

SUCKING Pump, the common pump, working by two 

valves opening upwards. See Pump. 

SUISETM (Ricarui orllAYMUNDt), an early writer 
on Arithmetic. A long account of his book, culled the 
Calculator, is given in Brucker's Ilislory.of Philosophy. 

SUM, the quantity produced by addition, or by add¬ 
ing two or more numbers or quantities together. So the 
sum of 6 and 4 is 10, and the sum of a and b is a + b. 

SUMMER, the name of one of the seasons of the year, 
being one of the quarters when the year is divided into 4 
parts, or one half when the year is divided only into two, 
summer and winter. In the former case, summer is the 
quarter during which, in northern climates, the sun is 
passing through the three signs Cancer, Leo, Virgo, or 
from the time of the greatest declination, till i! conics to 
the equinoctial again, or have no declination; which is 
from about the 21st of JunP', to tliq 22d of September. 
In the latter case, summer contains the G warmer months, 
while the sun is on one side of the equinoctial; and winter 


the other C months, when the sun is on the’ other side of it. 

Summer licum, in carpentry, a large piece of timber 
which, being supported on two pillars or posts, serves as 
a lintel to a gate, door, or window, &c. . 

Summer Solstice, the time or point when the sun at¬ 
tains his greatest declination, ami is nearest the zenith of 
the place. See Solsi ICE. 

SUN, Sol, O, in Astronomy, the great luminary that 
is placed in the centre of our system, and ubout which all 
the planets revolve, in diflerent periods, and at diflercnt 
distances, ll is the great- fountain ot light and heat to 
all those bodies, warming and refreshing both thcii animal 
and vegetable inhabitants with the refulgence of bis beams; 
without which, all nature would be involved in impene¬ 
trable darkness. The comets also revolve about the sun, 
but in excentric orbits, being sometimes very near him; 
and at others, ut an incalculable distance from liiin. 

The ancient astronomers conceived the earili to be the 
centre of the universe, having the sun, and all the other 
celestial bodies revolving about it; but this absurd doc¬ 
trine was at last confuted and annihilated by Copernicus ; 
though not without many angry disputes, and malignant 
persecutions,-particularly by the church of Rome, be¬ 
cause it seemed to contradict some parts of Scripture. 
Truth however at length prevailed; and gave to the sun 
his due place in the centre of our system. 

It lias since been discovered, that the sun has a motion 
on its own axis, in about 25} days, as appears from the 
maculae or spots on his disc. For, some ot these spots 
have made their first appearance near the edge or margin 
of the sun, from thence they hove seemed gradually to 
pass over the sun's face to the opposite edge, then dis¬ 
appear; and he nor, af;cr an absence of about 14 days, 
they have reappeared in their first place, and have taken 
the same course over again ; finishing their entire circuit 
in 27 days 12 h 20 m ; which is hence inferred to be the 
period of the sun's rotation round his axis : ami therefore 
the periodical time of the sun’s revolution to a fixed star 
is 25 d 15 h l6 m ; becnusc in 27 4 12 h 20 m of the month of 
May, when the observations were made, the earth de¬ 
scribes an angle about the sun’s centre of 26 22, nnd 
therefore as the angular motion 3t)0 20 22 : 300 

: . 27 d I2 b 20 m : 25 d 15 1 ' lfi**. This motion of tbc spots 
is from west to east: whence wo conclude the motion of 
the sun, to which the other is owing, to be from east to 
west. The more correct period of the sun’s rotation is 

now stated at 25 days 10 hours. 

Besides this motion round his axis, the sun, on account 
of the various attractions of the surrounding planets, is 
agitated by n small motion round the centre of gravity ot 
the system.—Whether the sun and stars have any proper 
motion of their own in the immensity of space, however 
small, is not absolutely certain; though some very accu¬ 
rate observers have intimated conjectures of this kind, ana 
have shown that such a general motion is not improbable. 

See Stars. . 

As for the apparent annual motion of the Sun roupa m j 
crirtli; it is easily shown, by astronomers, that the real 
annual motion of the earth, about the sun, will cause such 
an appearance. A spectator in the sun would sec the 
earth move from west to east, for the same reason as we 
sec the sun move from east to west: and all the p > cn ^L* 
mena resulting from this annual motion in which* 
of the bodies it be, will appear the same from either. 
And hence arises that apparent motion of the sun, by which 
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he is seen to advance insensibly towards the eastern stars ; discoverable by its effects, when, by 
in so much that, if any star, near the ecliptic, rise at any collected for a time into a less space 

alter a few da>s the sun will be 


time with the sun ; alter a lew «la>s me sun win oe got 
more to the cast of the star, and the star will rise and set 
before him. 

Nature, Properties, Figure, tfc, of the Sun. 

Those who have maintained that the substance oi the 
sun is lire, argue in the following manner : The sun shines, 
and his rays, collected by concave mirrors, or convex 
lenses, will burn, consume, and melt the most solid bo¬ 
dies, or else convert them into ashes, or glass : therefore, 
the force of the solar rays is diminished, by their di¬ 


as 
verge 1 
taken 


icy, in a duplicate ratio of the distances reciprocally 
• It is evident that their force and effect arc the same, 


various causes, it is 
than that which it 
wuuld otherwise occupy. The matter ol this fire is not 
in any wise supposed to be derived from the sun: the 
solar rays, whether direct or reflected, are of use only as 
they impel the particles of tire in parallel directions: that 
parallelism being destroyed, by intercepting the solar rays, 
the lire instantly assumes its natural state ol uniform 
diffusion. According to this explication, which attributes 
heat to the matter of lire, when driven in parallel direc¬ 
tions, a much greater degree must be given »t when the 
quantity, so collected, is umassed into a locus ; and yet 
the focus ol the largest speculum does not heat the air or 
medium in which it is found, but only bodies ol densities 


when collected by a burning lens, or mirror, as if we were different from that medium. . . 

at sll ch distance from the sun, where they were equally M. Ucluc (Lcttres 1‘hys.qucs) is of opinion, that the 
dense The sun’s rays therefore, ill the neighbourhood of solar rays are the principal cause of heat ; but that they 
the sun produce the same effects, as might be expected heat such bodies only as do not allow them a free pas- 
from the most vehement lire : consequently the sun is of sage. Inlliis remark he agrees with Newton: but then he 


u fiery substance. 

Ilence it follows, that its surface is probably every¬ 
where iluid; that being the condition of flame. Indeed, 
whether the whole body ol the sun be Iluid, as sonic think ; 
or solid, as others; they do not presume to determine: 
but as there are no other marks, by which to distinguish 
fire from other bodies, but light, heat, a power ol burn¬ 
ing, consuming, melting, calcining, and vitrifying; they 
do not sec what objection should be made to the hypo¬ 
thesis that the sun is a globe of lire, like our fires, invested 
with flarnc: and, supposing that the macula; are formed 
out of the solar exhalations, they infer that the sun is not 
pure fire; but that there are heterogeneous parts mixed 

with it. ......... • . 

Philosophers have been much divided 111 opinion with 

respect to the nature of fire, light, and heat, and the 
Causes that produce them : and they have given very dif¬ 
ferent accounts of the agency of the sun, with which, 


differs totally from him, as well as from Boerhaave, con¬ 
cerning the nature of the rays ol the sun. lie docs not 
admil the emanation of any luminous corpuscles from 
(be sun, or other self-shining substances, but supposes 
all space to bo filled with an ether of great elasticity 
and small density, and that light consists in the vibrations 
of this ether, as sound consists in the vibrations of the 
air. 14 Upon Newtons supposition," says an excellent 
writer, 44 the cause by which the particles of light and 
the corpuscles constituting other bodies are mutually 
attracted and repelled, is uncertain. '1 he reason of the 
uniform diffusion of tire, of its vibration, and repercus¬ 
sion, as stated in Docrhaave's opinion, is equally inex¬ 
plicable. And in the lust mentioned hypothesis, we may 
add to the other difficulties attending the supposition of 
an universal ether, the want of a first mover to make 
the sun vibrate." 

l)r. Ilerschcl has given, in the Philos. Trans, nn ingc- 


whether wc consider them sis substances or qualities, they nious paper on the physical construction of the sun. This 
arc intimately conncctcd,.and on which they seem printa- plausible and ingenious theory is suggested by u variety 
rilv to depend. Sonic, among whom we may reckon Sir of observations on the solur phenomena. I he sun, he 
Isaac Newton, consider the rays of light as composed of supposes, has an atmosphere resembling that oHIie earth ; 

small particles’, which are emitted from shining bodies, 


and move with uniform velocities in uniform mediums, 
hut with variable velocities in mediums of variable densi¬ 
ties. These particles, say they, act upon the minute con¬ 
stituent parts of bodies, not by impact, but at some in¬ 
definitely small distance; they attract and are attracted; 
and in being reflected or refracted, they excite a vibratory 
motion in the component particles. 'I his motion increases 
the distance between the particles, and'thus occasions an 
augmentation of bulk, or an expansion in every dimension, 
which is the most certain characteristic of fire. This ex¬ 
pansion, which is the beginning of a disunion of the parts, 
bein" increased by the increasing magnitude ofjthe vibra- 


nnd this atmosphere consists of various clastic fluids, some 
of which exhibit a shining brilliancy, while others are 
merely transparent. Whenever the lucid fluid is removed, 
the body of the sun may be seen through those that are 
transparent. In like manner, an observer placed in the 
moon, will see the solid body of the earth only in those 
plnces where the transparent fluids of our atmosphere 
will permit him. In others, the opaque vapours will re¬ 
flect the sun’s light, without permitting his view to pene¬ 
trate to the surface of our globe. 

By changes in the atmosphere of Jupiter too. Dr. H. 
accounts for the phenomena of its belts : and on the same 
principle he illustrates the various appearances of spots 



mosphcrc. He apprehends that there are considerable 
inequalities in the surface of the sun ; and that there may 
be elevations not less than 5 or bOO miles high. ’I hat a 


and thus the texture of the body 

stroved; from solid it may become fluid, as iff melted 
gold ; or from being fluid, it may be dispersed in vapour, 

ns iu boiling water.~ # . . c 

4 Gibers * as Boerhaave, represent fire as a substance sui very high country, or chain o! mountains, may ottener 

ccneris unalterable in its nature, and incapable of being become visible, by the removal ot the obstructing fluid, 

produced or destroyed ; naturally existing ill equal quail- than the lower regions, on account of its not being so 

lilies in all places, imperceptible to our senses, and only deeply covered by it. See Sdar Spots. 
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All the phenomena of the spots, of the faculce, and of 
the livid surface of the sun, concur to establish the exist¬ 
ence of a solar atmosphere of very considerable extent, 
and to evince its composition of various elastic fluids, 
that are more or less lucid and transparent : but the lucid 
one is that which furnishes us with light. The generation 
of this lucid fluid, in the solar atmosphere, is a pheno¬ 
menon similar to the generation of clouds in our atmo¬ 
sphere, which are produced by the decomposition of its 
constituent clastic fluids: but with this difference, that 
the continual and very extensive decompositions of the 
elastic fluids of the sun, are of a phosphoric nature, and 
attended with lucid appearances, by giving nut light. To 
the objection that such decompositions, and the conse¬ 
quent emission of light, would exhaust the sun. Dr. H. 
replies that, in the decomposition of phosphoric fluids, 
every other ingredient besides light may return to the 
body ol the sun. This waste, however, must be quite in¬ 
sensible, even in a very long period, when the extremo 
subtilty ot light is considered: and besides, it may pos¬ 
sibly be supplied by those telescopic comets, many of 
which are observed, which have no appearance of any 
solid nucleus, seeming to be mere collections of vapours 
condensed about a centre. 

The sun, contemplated with the assistance of the doc¬ 
tors theory, 44 appears to be nothing else than a very 
large, eminent, lucid planet, evidently the first, or in¬ 
deed the only primary one of our system ; all others be¬ 
ing truly secondary to it. Its similarity to the other 
globes of the solar system, with regard to its solidity, its 
atmosphere, and its diversified surface; the rotation on 
its axis, and the fall of heavy bodies, lead us on to sup¬ 
pose that it is most probably also inhabited, like the rest 
of the planets, by beings whose organs arc adapted to the 
peculiar circumstances of that vast globe." 

Should it be objected that the' heat of the sun renders 
it unfit for a habitable world, I)r. II. answers, that heat 
is produced by the sun’s rays only when'they act on a 
calorific medium, and that they arc the cause of the 
production of heat, by uniting with the matter of fire, 
which is contained in the substances that are heated. 
Dr. II. suggests other considerations, intended to invali¬ 
date the objection. He then deduces from analogy a 
variety of arguments, in order to confirm the notion of 
the sun’s being habitable ; and infers that, if the suirbe 
capable of accommodating inhabitants, the other stars, 
which are suns may be appropriated to the same use; 
and thus, says he, we sec at once what an extensive field 
for animation opens itself to our view. Philos. Trans. 
Abiidg. vol. 17* pa. 478'* See also Spots. 

Dr. Mersche) has made many interesting experiments 
on the nature of the sun’s rays, and has thus firmly esta¬ 
blished a fart which had long been disputed between phi¬ 
losophers, qamely, the separate identity of light and heat: 
that they are both subject to the laws of reflection and 
refraction-; that they are each of different reffangibility, 
are liable to be stopped in certain proportions when trans¬ 
mitted through diaphanous bodies; and that-they are 
liable to be scattered on rough surfaces. These curious 
facts were discovered by the doctor in his optical experi¬ 
ments on coloured glass, in which he was led to examine 
the difference between the coloured rays of the sun with 
regard to their heating power. He thereby discovered 
that the most refracted rays of light, the violet, possess 
the lowest heating power; and the least refracted! the 


red, the greatest power, and the mean rays of the pris¬ 
matic spectrum showed an intermediate power. Thus, in 
the red rays the thermometer, by the average of several 
experiments, rose 6J degrees; in the green rays 3J de¬ 
grees; and the violet 2 degrees; or in round numbers, 
the effect of the red rays was to that of the green as 9 to • 
4, and to that of the violet as 7 to 2. 

Pursuing those experiments, the same philosopher 
found the range of dispersion of the rays of heat by the 
prism, to differ most essentially from that of light; for 
on applying thermometers of great sensibility and suc¬ 
cessively in a line, beginning at the violet rajs, proceed¬ 
ing along the prismatic spectrum, he found not only the 
heat increased by advancing towards the red, or least re-, 
fracted rays, but that the heat was greatest at a small 
distance beyond the extreme limits of the spectrum, that 
is, where no rays of light at all fell ; and still continuing 
to advance the thermometer in the same line, the heat 
then gradually diminished, till it became too small to be 
noticed. This most curious and important discovery 
shows, therefore, both an entire separation of heat from 
light in the solar ray, and refrangibility of one from the 
other, which together go near to establish the separate 
identity of caloric and light, and cause precisely the 
same arguments used to demonstrate the materiality of 
light to apply to the materiality of heat. 

These experiments of Dr.Herschel have been fully confirm¬ 
ed by sir II. Englcfield, whose apparatus were somewhat dif¬ 
ferent, and more accurate. The particulars of which are as 
follow. The coloured rays of the spectrum were succes¬ 
sively and singly thrown on a lens (all the others being 
excluded by a screen), the thermometer with a blacken¬ 
ed ball being placed in its focus, and allowed to remain 
there some time after it had ceased to rise, that the full 
effect might be secured. Thus circumstanced, 

In the blue ray from - - 55° to 56° 

green ----- 54 to 58 

yellow - - - - 56 to 62 

red - - - . - - 56 to 72 

Quite out of visible light - * 6l to 79 

These experiments were repeated several times, and in 
all with very closely corresponding results, and the most 
striking and novel phenomenon was manifest in all, namely, 
the rise of the thermometer, when passed beyond the 
extreme point of the luminous spectrum on th& red side, 
and its fall when again carried back into the red light 
As to the Figttre qf the Sun ; this, like the planets, is 
not perfectly globular, but spheroidical, being higher 
about the equator than at the poles. The reason of which 
is this: the sun has a motion about his own axis; and 
therefore the solar mnttef will have on endeavour to re¬ 
cede from the axis, and that with the greater force os 
their distances from it, or the circles they move in, arc 
greater: but the equator is the greatest ‘circle; and the 
rest, towards the poles, continually decrease; therefore 
the solar matter, though at first in a spherical form, will 
endeavour to rccede*from the centre of the equator fur¬ 
ther than from the centres of the parallels. Conse¬ 
quently, since the gravity, by which it is retained in its 
place, is supposed to bo uniform throughout the whole 
sun, it will really recede from tho centre more at the 
equator, than at any of the parallels; and Jicnce the 
sun’s diameter will be greater through the equator, than 
through the poles ; that is, the sun’s figure is not perfectly 
spherical, but spheroidical. 
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Several particulars of the Sun, related by Newton, in his 
Principia, are as follow : 1. That the density of the sun’s 
heat, which is proportional to his light, is 7 times as great 
at Mercury as with us; and therefore our water there 
would be all carried off in vapour : for he found by expe¬ 
riments of the thermometer, that a heat but t times greater 
than that of the sun beams in summer, will serve to make 
water boil. 

2. That the quantity of matter in the sun is to that in 
Jupiter, nearly as 1100 to 1; and that the distance of 
that planet from the sun, is in the same ratio to the sun s 
semidiameter. 

3. That the matter in the sun is to that in Saturn, as 
2360 to 1 ; and the distance of Saturn from the sun is in 
a ratio but little less than that of the sun’s semidiameter. 
And hence, that the common centre of gravity of the sun 
and Jupiter is nearly in the superficies of the sun ; ol the 
sun and Saturn, a little within it. 

4 . And by the. same mode of calculation it will be 
found, that the common centre of gravity of all the pla¬ 
nets, cannot be more than the length of the solar diameter 
distant from the centre of the sun. This common centre 
of gravity he proves is at rest ; and therefore though the 
sun, by reason of the various positions of the planets, may 
be moved every way, yet it cannot recede far from the 
common centre of gravity, and this, he thinks, ought to be 
accounted the centre of our world. Book 3, prop. 12. 

5. By means of the solar spots it hath been discovered, 

that tin* sun revolves round his own axis, without moving 
considerably out of his place, in about 25 days, and that 
the axis of this motion is inclined to the ecliptic in an an¬ 
gle of 87° 30 nearly. I'he sun’s appart nt diameter being 
sensibly longer in December than in June, the sun must be 
proportionally nearer to the earth in winter than in sum¬ 
mer; in the former of which seasons therefore will be the 
perihelion, in the latter the aphelion : anil this is also con¬ 
firmed by the earth’s motion being quicker in December 
than in June, as it is by about ^ part. For since the 
earth always describes equal areas in equal times, when¬ 
ever it moves swifter, it must needs be nearer to the sun : 
and for this reason there are about 8 days more from the 
sun’s vernal equinox to the autumnal, than from the au¬ 
tumnal to the vernal. • 

6". That the sun's diameter is equal to 100 diameters of 
the earth ; and therefore the body of the sun must be 
1,000,000 times greater than that of the earth.—Mr. Azout 
assures us, that he observed, by a very exact method, the 
sun's diameter to be no less than 3 l' 43" in his#pogee, and 
not greater than 32' 4 3" in his perigee. 

7. Accordingfo # Newton, in his theory of the moon, the 
mean apparent diameter of the sun is 32* 12".—The sun’s 
horizontal parallax is now fixed at 8"-^- 

8. If you divide 3/i0 degrees (the who! 

quantity of the solar year, it will give 
therefore is the medium quantity of the sun’s daily mo¬ 
tion ; and if this 59' 8” be divided by 24, you have the 
sun’s horary motion equal to '/ 28": and if this last be 
divided by 6l>. it will give his motion in a minute, &c. 
And in this way arc the tables of the sun's mean motion 
constructed, as placed in books of astronomical tables and 
calculations. . , 

SUNDAY, the first day of the week; thus called by our 
idolutrous ancestors, because set anart for the worship of 

the sun._It is sometimes called the Lord’s Day, because 

kept as a feast in memory of our Lord’s resurrection on 


c ecliptic) by the 
59' 8" &c, which 


this day : and also Sabbath-day, because substituted un¬ 
der the new law instead of the sabbath in the old law.— 
It was Constantine the Great who first made a law for the 
observation of Sunday ; and w ho, according to Eusebius, 
appointed that it should be regularly celebrated through¬ 
out the Roman empire. 

Sunday Letter. Sec I) o.minical letter. 

SUPERFICIAL, relating to Superficies. 

SUPERFICIES, or Surface, in Geometry, the out¬ 
side or exterior face of any body. This is considered as 
having the two dimensions of length and breadth only, but 
no thickness; and therefore it makes no part of the sub¬ 
stance or solid content or matter of the body. The terms 
or bounds or extremities of a superficies, arc lines ; and 
sup* i ficics may be considered as generated by the motions 
of lines.—Superficies arc either rectilinear, curvilinear, 
plane, concave, or convex. 

Rectilinear Su perficies, is bounded by right lines. 

Curvilinear Superficies, is bounded by curve lines. 

Plane Superficies, is that which has no inequality in 
it, nor risings, nor sinkings, but lies evenly and straight 
throughout, so that a right line may wholly coincide with 
it in all parts and directions. 

Convex Superficies, is that which is curved and rises 
outwards. 

Concave Superficies, is curved and sinks inward. 

The measure or quantity of a surface, is called its area. 
And the finding of this measure or area, is som< times 
called the quadrature of it, meaning the reducing it to an 
equal square, or to a certain number of smaller squares. 
For all plane tiguris, and the surfaces of all bodies, are 
measured by squares ; ns square inches orsquare feet, or 
square yuids, iScc; that is,squares whose sides are inches, 
or feet, or yards, &c. Our least superficial measure is 
the square inch, and other squares are taken from it ac¬ 
cording to the proportion in the following table of super¬ 
ficial or square measure. 

144 square inches = 1 square foot 
9 square feet = 1 square yard 
30$ square yards = 1 square pole 
16 square poles = l square chain 
10 square chains = 1 acre 
640 acres = 1 square mile. 

The superficial measure of all bodies and figures depends 
entirely on that of a rectangle ; and this is found by draw¬ 
ing or multiplying the length by the breadth of it; as is 
proved from plane geometry only, in my Mensuration, 
pt. 2, sect. 1, prob. 1. From the area of the rectangle wo 
obtain that of any oblique parallelogram, w hich, by geo¬ 
metry, is equal to a rectangle of equal base and altitude; 
thence a triangle, which is the half of such a parallelogram 
or rectangle; and hence, by composition, we obtain the 
superficies of nil other figures whatever, as these may be 
considered as made up of triangles only. 

Besides this way of deriving the superficies of all figures, 
which is the most simple and natural, as proceeding on 
common geometry alone, there are certain other methods; 
such as the methods of exhaustions, of fluxions, &c. See 
thc«e articles in their places, ns also Quadratures. 

Line of Superficies, a line usually found on the sec¬ 
tor, and Gunter’s scale. The description and use of which, 
see under Sector, and Gunter’s Scale. 

SUPPLEMENT, of an arch, or ungle, in Geometry or 
Trigonometry, is what it wants of a semicircle, or of 180 
degrees; as the complement is what it wants of a quadrant. 
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or of 00 degrees. So, the supplement of SO** is 130**; as 
the complement of il i* 40°. 

SURD, in Arithmetic and Algebra, denotes a number 
or quantity that is incommensurate to unity ; or that is 
inexpressible in rational numbers by any known way of 
notation, otherwise than by its radical sign or index.— 
This is otherwise called an n rational or incommensurable 
number, as also an imperfect power. 

The square roots of all numbers except 1 ,4, 9» If), 25, 
36 % , &c, (which arc the squares of the whole numbers 1,2, 
3, 4, 5, (i, &c,) arc surds, or incommcnsurables ; after the 
same manner, the cube roots of all numbers except the 
cubes of 1 , 2 , 3, 4, 5, 6 , &c, are surds. And it is usual 
to denote such root by setting before it the proper mark 
of radically, which is v /, and placing above this radical 
sign the number that shows what kind of root is intended. 
Thus, t/2 or y/2 signifies the square root of 2, and y/10 
the cube root of 10 ; which roots, because it is impossible 
to express them in numbers exactly, arc properly called 
surd roots. 

Another way of notation, by which roots arc expressed, 

is by fractional indices, without the radical sign : thus, 

as a*", x\ x\ &c, denote the square, cube, 4th power, &c, 
iyi 

ofx; sox T , x 7 , x , &c, denote the square root, cube 
root, 4tli root, &c, of the same quantity x.—The reason of 
which is evident-; for since y/x is a geometrical mean 
proportional between 1 and x, so ^ is an arithmetical 
mean between 0 and 1 ; and therefore, as 2 is the index 
of the square of x, { will be the proper index of its square 
root, &c. 

It may be observed that, for convenience, or the sake 
of brevity, quantities which arc not naturally surds, arc 
often expressed in the form of surd roots. Thus y/ 4, y/%, 
1/27, are the same as 2, 3. 

Surds arc either simple or compound. 

Simple Surds, arc such as arc expressed by one single 
term ; as s/2, orj/a, &c. 

Compound Surds, are such as consist of two or more 
simple surds connected together by the signs or — ; as 
y/3 + s/2, or y/3 — y/2, or v/(5 -+- s/2) : which lust 
is called an universal root, and deludes the cubic root of 
the sum arising by adding 5 and the root of 2 together. 

Of certain Operations by Surds . 

1. Such surds as s/2, y/3, y/ 5, &c, though they arc 
themselves incommensurable with unity, according to the 
definition, arc commensurable in power with it, because 
their powers are integers, which arc multiples of unity. 
They may also be sometimes commensurable with one an¬ 
other; us 4/8 and s/2, which are to each other as 2 to 1 , 
as is found by dividing them by their greatest common 
measure, which is 2, for then those two become \/4= 2 , 
and 1 the ratio* 

2. To reduce Rational Quantities to the form of any pro¬ 
posed Surd Roots.— Involve the rational quantity according 
to the index of (he power of the surd, ahd then prefix be¬ 
fore that power the proposed radical sign. 

Thus a — = \/a* = ^/a i = £/a n , &c. 

• and 4 = y/16 = 1/64 = 4 s/256 - </*", &c. 

And in this way may a simple surd fraction, whose ra¬ 
dical sign refers to only one of its terms, be changed into 
another, which shall include both numerator and denomi¬ 
nator. Thus, 

is reduced to and ^ to v' 7 -* thus also the 


quantity a reduced to the form of j n or (/x , is (**)" or 
s/a*. And thus may root* with rational coefficients be 
reduced so as to be wholly affected by the radical sign ; as 

ayr==ya'x. 

3. To reduce Simple Surds , having different radical signs 
(which arc culled hetcrogeneal Surd*) to others that may have 
one common radical sign, or which are homogeneal: Or to 
reduce roots of different names to roots of the satne name .— 
Involve the powers reciprocally, each according to the in¬ 
dex of ilie <>thtT, for new powers ; and multiply their in¬ 
dices together, for the common index. Otherwise, ns 
surds may be considered as powers with fractional expo¬ 
nents, reduce these fractional exponents to fractions hav¬ 
ing the same value and a common denominator.—Thus, 

* 

by the 1 st method, 

5 /a and m /x become m ya n and 
and, by the 2 d method, 

A X A A 

« n and i m become (o m ) ,,,n and (x n ) ron . 

Abo y/3 and %/ 2 arc reduced to 5/27 and y/4, which 
are equal to them, and have a common radical sign. 

4. To reduce Surds to their most simple expressions, or 
to the lowest terms possible. —Divide the surd by the great¬ 
est power, of the same name with that ot the mot, which 
is contained in it, and which will measure or divide it 
without a remainder; then extract the root of that power, 
and place it before the quotient or surd so divided ; this 
will produce a new surd of the same value with the 
former,-but in more simple terms. Thus, y/l 6 Vx, by 
dividing by 16V, and prefixing its root 4 a, before the 
quotient y/x, becomes 4ay/x; in like manner, \/12 = 
y/(4 x 3) = 2,/3 ; 

And %/aPx reduces to bl/ax. 

Alsoy^Sl =5^27x3 = ^3 5 x 3 = 3^3. 

And y/28S = y/144 x 2 = 12^2. 

5. To Add and Subtract Surds.— When they arc re¬ 
duced to their lowest terms, if they have the same irra¬ 
tional part, add or subtract their rational coefficients, 
and to the sum or difference subjoin the common irrational 
part. 

Thus, y/75 -+- y/48 = 5\/3 4y/3 = 9%/3; 

and y/150 —y/54 = 5y/6— 3y/6 — 2y /6; 

also y /a'x + y/c % x = a y/r'c y/x = 

Or such surds may be added and subtracted, by first 
squaring them (by uniting the square of each part with 
double their product), and then extracting the root uni¬ 
versal of the whole. Thus, for the first example above, 

y/75 + v/48 = v/(75 48 4- 2y/75 x 48) = 

y/(123 + 2y/s600) = v/(123 -t; 120) = 
v/243 = 9v/3, the sumc as before. 

If the quantities cannot be reduced to the same irra¬ 
tional part, they can only be connected by the signs 

*6?To 'Multiply end Divide Surds —If the terms have 
the same radical, they will be multiplied and divided Jike 
powers, viz, by adding their indices for multiplication, 
and subtracting them for division. Thus, 

x a? = a t x a* as a* = V a *‘>' 


I 

1 


y/a x %/a = a 
and y /2 x y /2 
ulso v /a -j- y/a 
and y /2 -r 


« 

2* 


= «/2 s = %/32 i 
= a? -f* V a a* = 

= 2* = 5/2. 
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If the quantities he different, but under the same radi¬ 
cal sign ; multiply or divide the quantities, and place the 
radical sign to the product or quotient. 

Thus, \/‘2 x v/5 = ,/ 10 ; 
and v/u 2 x y/c = y/arc ; 
also y/5i -4- 'y/2 = y/27 = 3. 

Rut if the surds have not the same radical sign, reduce 
them to such as shall have the same radical sign, and 
proceed as before. 

Thus, %/a * * “v /im = "v'« n *’ D i 

and y/2 x >/\ = $/2 J x = $/* x 16' = t/ 12S. 

If the surds have any rational coefficients, their product 
or quotient must be prefixed. 

Tiius, 5/6 x 2^/3 = lOv/IS = 30/2; 
and 8/5 -t- 2/6 — ^/i* 

7. Involution and Evolution of Surds. —Surds arc in¬ 
volved, or raised to any power, by multiplying their in¬ 
dices by the index of the power; and they are evolved or 
extracted, by dividing their indices by the index of the 
root. 

Thus, the square of y/2 or of 2 % is = /\; 

and the cube of / 5 or of 5 T , is 5 T = /\2b ; 

« . x i 

also the square j*oot of^/4 or 4is 4 6 = 2 3 — y/2* 


Or thus: Involve or extract the quantity under the 
radical sign according to the power or root required, con¬ 
tinuing the same radical sign. 

So the square of y/2 is /4 ; % 
and the square root of /\, is y/2. 

Unless the index of the power is the same as the name 
of the surd, or a inultiplc of if, for in that case the power 
of the surd becomes rational. Thus, the square of /3 
is 3, and the cube of /a z is a 7 * 

Simple surds are commensurable in power, and by be¬ 
ing multiplied by themselves give, at length, rational 
quantities: but compound surds, multiplied by themselves, 
commonly give irrational products. Yet, in this case, when 
any compound surd is proposed, thereisanotber compound 
surd, which, multiplied by it, gives a rational product. 

Thus, y/a -+- /b multiplied by y/a — y/b gives a — b; 
and y/a — y/b mult, by /a x -+- /ab + /b x gives a -6. 

The finding of such a surd as multiplying the proposed 
surd gives a rational product, is made easy by three theo¬ 
rems, delivered by Maclaurin, in his Algebra, pa. 109&c. 

This operation is of use in reducing surd expressions 
to more simple forms. * Thus, suppose a binomial surd 
divided by another, as /20 /12 by y/b — /3 f the 

quotient might be expressed by « 

V J/- VT = » but this be expressed in 

a more simple form, by multiplying both numerator and 
denominator by such a surd as makes thctproduct of the 
denominator become a rational quantity : thus, multiply¬ 
ing them by y/b *+• <v/3,the fraction or quotient becomes 
_ %/a v'* 4- _ (*/5+y.3)’ 

/ b — 3-j = a 

/(5 + /3) z = 8 -^2v/15. 

To do this generally, sec Maclaurin’s Alg. p. 113. 
When the square root of a surd is required, it may be 
found nearly, by extracting the root of a rational quan- 
VOL.JI. 


tity that approximates to it«* value. Thus, to find fhe 
square root of 3 -+- 2y/ 2; lir^t find the y/2 = 1 41421 ; 
hence 3 -+- 2/2 r: 5*82842, the rout ol which is nearly 
2*41421 = 1 -+ /2. 

In like inamirr we may proceed with any other pro¬ 
posed root. And it the index *4 tin* root Le very high, 
a table of logarithms may be u^ed to advantage: thus, 
to extract the root y/(b -+'/ 1 7) ; take the logarithm of 
17, divide it by 13, find the number an>wcruig to the 
quotient, add this number to 5, find I lie log. el (be sum, 
and divide it by 7, and the number answering to this 
quotient will be marly equal to /\b '/ Sv ). 

But it is sometimes requisite to express the roots of 
surds exactly by other surds. Thus, in the first exam¬ 
ple, the square root of 3 ■+■ 2y/2 is 1 y/2, because 
(L y/2) 2 = 1 -+• 2y/2 + 2=3 + y/2 . For the me¬ 
thod of performing this, the curious riader may consult 
Maclaurin’s Algeb. pa. 115, where also rules lor trino¬ 
mials &c may be found, bee also the article Binomial. 
Ro<jtSy in this Dictionary. 

For extracting the higher roots of a binomial, whose 
two members when squared are commensurable numbers, 
we hase a rule in Newton’s Arith. pa. 5y, but without 
demonstration. This is supplied by Maclaurin, in his 
Alg. pa. 120: ns also by Gravi^ande, in his Mathescos 
Univcrs. Elcm. pa. 211 . 

It sometimes happens, in the solution of cubic equa¬ 
tions, that binomials of this form a±b s /— 1 occur, the 
cube roots of which must be found; and to these New¬ 
ton’s rule cannot always be applied, because of the im¬ 
possible or imaginary factor y/ — 1 ; yet if the root be 
expressible in rational numbers, the rule will often yield 
to it in a short way, not merely tentative, the trials being 
confined to known limits. See Maclaurin’s Alg. pa. 127. 
It may be further observed, that such roots, whether ex¬ 
pressible in rational numbers or not, may be found by 
evolving the quantity a -+- b y/ — 1 by New ton’s binomial 
theorem, and summing up the alternate terms. Maclau¬ 
rin, p. 130. 

Those who arc desirous of a general and elegant solu¬ 
tion of the problem, to extract any root of an impossible 
binomial a + b / — 1, or of a possible binomial a -f- y/b , 
may have recourse to live appendix to Saunderson’s Alge¬ 
bra, and to the Philos. Trans. No. 451. _On the ma¬ 
nagement of surds, sec also the numerous authors upon 
Algebra. 

SURFACE, in Geometry. Sec Supfrficies. 

A Mathematical Surface is.the mere exterior face 
of a body, but is not any part of it, being of no thickness, 
but only the bare figure or termination of the body. 

A Physical Surface is considered as of some very 
small thickness. 

SURSOLID, in Arithmetic, the 5th power of a num¬ 
ber, considered as a root. The number 2, for instance, 
considered as a root, produces the powers thus : 

2 =2 the root or 1st power, 

2 x 2=4 the sqyarc or 2d power, 

2x4= 8 the cube or 3d power, 

2 x 8 = 16' the biquadratic or 4lh power, 

2. x l6 = 32 the sursolid or 5th power. 

Sursolid Problem , is that which cannot be resolved 
but by curves of a higher kind than the conic sections. 

SURVEYING, tlieart of measuring land; which com¬ 
prises the three following parts ; viz, taking the dimen¬ 
sions of any tract or piece of ground; the delineating or 
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laying it down in a map or draught ; and finding the su¬ 
perficial content or area of the same; besides the dividing 
and laying out of lands. 'I lie fir^t of these is what is 
properly called Surveying; the second is called plotting, 
or protracting, or mapping; and tlie third casting up, or 
computing the contents. 

The first again consists of two parts, the making of ob¬ 
servations for the angles, and the taking of lineal mea¬ 
sures for the distances. The former ot these i> performed 
by some of the following instillments; the theodolite, 
circumferentor, semicircle, plain-table, or compass, or 
even by the chain itself; the latter is performed by means 
cither of the chain, or the perambulator. The descrip¬ 
tion and manner of using each of these, sec under its 
respective article. 

it is useful in surveying, to take the angles which the 
bounding lines form with the magnetic needle, in order 
to check the .angles of the figure, and to plot them con¬ 
veniently afterwards. Hut, as the difference between the 
true and magnetic meridian perpetually varies in all 
places, and at all times; it is impossible to compare two 
surveys of the same placp, taken at distant times, by 
magnetic instruments, without making due allowance for 
this variation. Sec observations on this subject, by Mr. 
Molineux, Philos. Trans, No. 230, pa 623. 

The second branch of surveying is performed by means 
of the protractor, and plotting scale. The description of 
which, sec under their proper names. 

If the lands in the survey are hilly, and not in any one 
plane, the measured lines cannot he truly laid down on 
paper, till they are reduced to one plane, which must be 
the horizontal one, because angles arc taken in that plane. 
And in this case, when observing distant objects, for their 
elevation or depression, the following table shows the 
links or parts to be subtracted from each chain in the 
hypothcnusal line, when the angle is the corresponding 
number of degrees. 

A Table of the links to he subtracted out of every chain 
in hypothcnusal lines, of several degrees of altitude or 
depression, for reducing them to horizontal. 




links 



• link 

4° 

3' 

I 

* - * T 

19’ 

57' 

... 6 

5 

44 

- - * , } 

21 

34 

... 7 

7 

1 

- - - * 

- 23 

4 

. . . 8 

8 

7 

... i 

24 

30 

- - - 9 

11 

2 9 

... 2 

25 

50 

- - - 10 

14 

4 

... 3 

27 

8 

... n 

# 

16 

16 ' 

... 4 

28 

22 

- - - 12 

18 

12 

... 5 

29 

32 

- - - 13 


For example, if a station line measure 1250 links, or 
12 } chains, on an ascent, or a descent, of 11 °; hero it 
is after the rate of almost two links per chain, and it will 
be exact enough to take only the 12 chains at that rate, 
which make 2+ links in all, to be deducted from 1250, 
which leaves 1226 links, for the length to be laid down. 
Practical surveyors say, it is .best to make this deduction 
at the end of every chain-length while measuring, by 
drawing the chain forward every time as much as the de¬ 
duction is; viz, in the'present instance, drawing the 
chain on 2 links at each chain-length.' 

The third branch of surveying, namely computing the 
contents, is performed by reducing the several inclosures 
and divisions into triangles, trapeziums, and parallelo¬ 
grams, but especially the two former; then finding the 


areas or contents of these several figures, and adding 
them together. 

The Practice qf Surveying. 

1. Land is measured with a chain, called Gunter's 
chain, of 4 poles or 22 yards in length, which consists of 
100 equal links, each link being T 2 0 2 ^ of a yard, or of 
a foot, or 7*y2 inches lung, that is nearly 8 inches or } of 
a foot. 

An acre of land is equal to 10 square chains, that is, 
10 chains in length and 1 chain in breadth. 

Or it is 40 x 4 or l60 square poles. 

Or it is 220 x 22 or 4840 square yards. 

Or it is 1000 x 100 or 100000 square links. 

These being all the same quantity. 

Also, an acre is divided into 4 parts called roods, and 
a rood into 40 parts called perches, which are square 
poles, or the square of a pole o! 51 yards long,, or the 
square of } of a chain, or of 25 links, which is 625 
square links. So that the divisions of land measure will 
be thus: 

625 sq. links = 1 pole or perch 
40 perches = 1 rood 
. 4 roods = 1 acre. , • • 

The length of lines, measured with a chain, are set 
down in links as integers, every chain in length being 100 
links; and not in chains and decimals. Therefore, after 
the content is found, it will be in square links; then cut 
off five figures on the right hand for decimals, and the rest 
will be acres. Those decimals arc then multiplied by 
4 for roods, and the decimals of these again-by 40 for 
perches. 

2. Among the various instruments for surveying, the 
plain*table is the cosiest and most generally useful, espe¬ 
cially in crooked difficult places, as in a town among 
houses, &c. Vet there are cases in which this cannot bo 
Conveniently used, ns different surveys require different 
instruments, and the surveyor must judge which is the 
fittest instrument and method, and use it accordingly; 
nay, sometimes no instrument at all, but barely the chain 
itself, is the best method, particularly in regular open 
fields lying together; and even when using the plain-table, 
it is often of advantage to measure such large open parts 
with the chain only, and from those measures lay them 
down upon the table. 

The perambulator is used for measuring roads, and 
other great distances on level ground, and by the sides of 
rivers. It has a wheel of 8 } feet, or half a pole, in cir¬ 
cumference, upon which the machine turns; and the di¬ 
stance measured is pointed out by an index, which is 
moved round by clock work. 

Levels, with telescopic or other sights, arc used to find 
the level between place and place, or how much one place 
is higher or lower than another. 

An offset-staff is a very useful and necessary instru¬ 
ment, for measuring the offsets and other short distances. 
It is 10 links in length, being divided and murkcjj ot each 
of the 10 links. m 

Ten small arrows, or rods of iron or wood, are used to 
mark the end of every chain length, in measuring lines. 
And sometimes pickets, or staves with flags, are set up os 
marks or objects of direction. 

Various scales are also used in protracting and mea¬ 
suring on the plan or paper; such as plane scales, line of 
chords, protractor, compasses, reducing scales, parallel 
and pcrpeudicular rulers, &c. Of plane scales, there 
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of an inch, a chain in \ of an inch, &c. Anti ol these, 
the best lor use are those that arc laid on the very edges 
of the ivory scale, to prick off distances by, without 
compasses. 

3. The Field Book. 

In surveying with the plain-table, a field-book is not 
used, as every thing is drawn on the table immediately 
when it is measured. But in surveying with the theodo¬ 
lite, or any other instrument, some kind of a field-book 
must be used, to write down in it a register or account of 
nil that is done and occurs relative to the survey in hand. 
And this book every one contrives and rules as he thinks 
fittest for himself: 

But a few skilful surveyors now make use ol a new me¬ 
thod for the field-book, namely, beginning at the bottom 
of the page and writing upwards; by which they sketch a 
neat boundary on either hand, as they pass it; an example 
of which will he given below, with the plan of the ground 
to accompany it. / 

• In smaller surveys and measurements, a good way of 
setting down the work, is, to draw, by the eye, on a piece 
of paper, a figure resembling that which is to be measured ; 
and so write the dimensions, as they arc found, against 
the corresponding parts of the figure. And this method 
may be practised to a considerable extent, even in the 
larger surveys.' 

For all the parts of surveying, and with all the instru¬ 
ments, see my large book on Mensuration; also my 
Course of Mathematics. 

The i\ew Method of Surveying . 

Instead of the foregoing method, an ingenious friend 
(Mr. Abraham Crocker), after mentioning the new and 
improved method of keeping the field-book by writing from 
bottom to top of the pages, observes that, 44 In the former 
method of measuring a large estate, the accuracy of it 
depends on the correctness of the instruments used in 
taking the angles. To avoid the errors incident to such a 
multitude of angles, other methods have of late years been 
used by some few skilful surveyors; the most practical, 
expeditious, and correct, seems to be the following. 

44 As was advised in former methods, so in this, 
choose two or more eminences, as. grand stations, and 
measure a principal base line from one station to the 
other, noting every hedge, brook, or other remarkable 
object as you pass by it; measuring also such short per¬ 
pendicular lines to such bends of hedges as may be near at 
bund. From the extremities of this base line, or from 
any convenient pdrts of the same,- go off with other lines 
to some remarkable object situated towards the sides of 
the estate, without regarding the angles they make with 
the base line or with one another ; still remembering to 
nole every hedge, brook or other object that you pass by. 
These lines, when laid down by intersections, will with 
the base line form a grand triangle upon the estate; se¬ 
veral of which, if need be, being thus laid down, you 
'may proceed to form other smaller triangles and trape¬ 
zoids on the sides of the former r and so on, until you 
finish with the enclosures individually. 

“✓To illustrate this excellent method, lfct us take ab 
(in the plan of an estate, fig. 1, pi. 340 for the principal 
base line. From n go off to the tree at c ; noting down, 
in the field-book, every cross hedge, as you measure on ; 
and from c measure back to the first station at a, noting 
down every thing as before directed. 


li This grand triangle being completed, and laid down 
on the rough-plan paper, the parts, exterior as well a-» 
interior, are to be completed by smaller triangles and 
trapezoids. 

44 When the whole plan is laid down on paper, the 
contents of each field might be calculated by the methods 
laid down below in mensuration. 

>€ In countries where the lands arc enclosed \\ilh high 
hedges, and where many lanes pass through an estate, a 
theodolite may be used to advantage, in measuring the 
angles of such lands ; by which means, a kind of skeleton 
of the estate may be obtained, and the lane-lines serve as 
the bases of such triangles and trapezoids as are necessary 
to fill up to the interior parts/' 

The method of measuring the other cross lines, off-sets 
and interior parts and enclosures, appears in the plan, 
fig. 1, last referred to. 

l6. Another ingenious correspondent (Mr. John Rod¬ 
ham of Richmond, Yorkshire) has also communicated 
the following example of the new method of surveying, 
accompanied by tlie field-book, and its corresponding 
plan. His account of the method is as follows. 

The field-book is ruled into three columns. In the 
middle one are set down the distances on the chain line at 
which any mark, offset, or other observation is made ; and 
in the right and left hand columns arc entered, the offsets 
and observations made on the right and left hand respec¬ 
tively of the chain line. 

It is of great advantage, both for brevity and perspi¬ 
cuity, to begin at the bottom of the leal and write up¬ 
wards ; denoting the crossing ol fences, by lines drawn 
across the middle column, or only a part ol such a line 
on the right and left opposite the figures, to avoid confu¬ 
sion, and the corners ot fields, and other remarkable 
turns in the fences where offsets arc taken to, by lines 
joining in the manner the fences do, as will be best seen 
by comparing the book with the plan annexed, fig. 2, 
pi. 34. 

The marks called o y b, c, &c, are best made in the 
fields, by making a small hole with a spade, and a chip 
or small bit of wood, with the particular letter upon it, 
may be put in, to prevent one mark being taken for ano¬ 
ther, on any return to it. But in general, the name of a 
mark is very easily had by referring in the book to the line 
it was made in. After the small alphabet is gone through, 
the capitals may be next, the print letters afterwards, 
and so on, which answer the purpose of so many different 
letters; or the marks may be numbered. 

The letter in the left hand corner at the beginning of 
every line, is the mark or place measured from;*and, 
that at the right hand corner at the end, is the mark mea¬ 
sured to. But when it is not convenient to go exactly 
from a mark, the place measured from, is described such 
a distance from one mark towards another; and where a 
mark is not measured to, the exact place is ascertained 
by saying, turn to the right or left hand, such a distance 
to such a mark, it being always undertood that those 
distances arc taken in the chain line. 

The characters used, arc r for turn to the right hand, 
for turn to the left hand, and a placed over an offset, 
to show that it is not taken at angles with the chain line, 
but in the line with some straight fence; being chiefly 
used when crossing their directions, and is a better way 
of obtaining their true places than by ofl'sets at right 
angles. 
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When a line is measured whose position is determined, 
either b\ former work (as in the ca^c uf producing a give n 
line or measunng from one known place or mark to ano¬ 
ther) or by itsoll fas in tne third side of a tiianglc) it is 
called a fast line, and a double line acioss the book is 
drawn at the col.elusion ol it ; but il its position is not 
d«*tei mined (as in the second side of a triangle) it is called 
a lo»»se line, ami a single line is drawn across the book. 
When a line becomes determined in position, and is after- 
w.'id> continued, a double line halt through the book is 
drawn. 

When a loose line is measured, it becomes absolutely 
necessary to measure some other line that will determine 
it-% position. Thus, the lirst line ah, being the base of a 
triangle, is always determined ; but the position ol the 
second side hj % does not become determined, till the third 
side jh i> measured ; then the triangle may be constructed, 
and the position of both is determined. 

At the beginning of a line, to fix a loose line to the mark 
or place measured from, the sign of turning to the right 
or left hand must be added (as at j in the third line); 
otherwise a stranger, when laying down the work may as 
easily construct the triangle hjb on the wrong side of the 
line ah, as on the right one: hut this error cannot be 
fallen into, if the sign above named be carefully observed. 

In choosing a line to iix a loose one, care must betaken 
that it does not make a very acute or obtuse angle ; as in 
the triangle pnr , by the angle at n being very obtuse, a 
small deviation from truth, even the breadth of a point at 
p or r, would make the error at b when constructed very 
considerable; but by constructing the triangle p ny, such 
a'dcviation is of no consequence. 

Where the words leave off arc written in the field-book, 
it is to signify that the taking of offsets is from thence dis¬ 
continued ; and of course something is wanting between 
that and the next offset. 

The field-book above referred to, is engraved on plate 
35, in four parts, representing so many pages, each of 
which is supposed to begin,at the bottom, and end at top. 
And the inap or plan belonging to it, in fig. 2, pi. 34. 

Surveying of Harbours . 

The method of surveying harbours, and of forming maps 
of them, as also of the udjaccnt coasts, sands, t* c, de¬ 
pends on the same principles, and is chiefly'conducted 
like that of common surveying. The operation is indeed 
more complicated and laborious; as it is necessary to 
erect a number of signals, and to mark a variety of objects 
along the coast, with different bearings from one another, 
and the several parts of the harbour; and likewise to 
measure a great number of angles at different stations, 
whether on the land or the water. For this purpose, the 
best instrument is Hadley's quadrant, as nil these opera¬ 
tions may be performed by it, not only with greater ease, 
but also with much more precision, than can be hoped 
for by any other means; as it is the only instrument in 
Unc, in winch neither the exactness of the observations, 
nor the ease with which they may be made, arc sensibly 
affected by.the motion of a vessel: and hence a single ob¬ 
server, in a boat, may generally determine the situation 
of any place at pleasure, with a sufficient degree of exact¬ 
ness, by taking the angles subtended x by several pairs of 
objects properly chosen upon shorft at different places 
about him ; hut it will be still better to have two observers, 
or the same observer at different stations, to take the liko 
angles to the several objects, and also to the stations. By 
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this means, two pnglcs and one side arc given, in every 
triangle, from whence the situation of every part of them 
will be known. By such observations, when .carefully 
made with good instruments, the situation of places tuay 
be easily determined to 20 or 30 feet, or less, upon every 
3 or 4 miles. See Philos. Trans, vol. 55, pa.70; also 
Mackenzie’s Maritime Surveying. 

Surveying Cross. See Cross. 

Surveying Quadrant. See Quadrant. 

Surveying Scale, the same with Reducing Scale. • 
Surveying Wheel . Sec Perambulator. 
SURVIVORSHIP, the doctrine of Reversionary pay¬ 
ments that depend upon certain contingencies, or contin¬ 
gent circumstances. Payments which are not to be made 
till some future period., are termed reversions, to distin¬ 
guish them from payments that arc to be made imme¬ 
diately. 

Reversions are .either certain or contingent. Of the 
former sort, are all sums or annuities, payable certainly 
or absolutely at the expiration of any terms, or on the 
extinction of any lives. . And ol the latter so;*t, are all 
such reversions as depend on any contingency; and par¬ 
ticularly the survivorship of any lives beyond or after 
other lives. An account of the former may be found 
under the articles Assurance, Annuities, and Life-annui¬ 
ties. But the latter form the most intricate and difficult* 
part of the doctrine of reversions and life-annuities; and 
the books in which this subject is treated most at large, 
and at the same time with the most precision, arc Mr. 
Simpson’s Select Exercises; Dr. Price’s Reversionary Pay¬ 
ments ; Mr. Morgan’s Annuities and Assurances on Lives 
and Survivorships; and Mr. Bayly's Annuities. The whole 
likewise of the 3d volume of Dodson’s Mathematical Re¬ 
pository is on this subject; but his investigations arc 
founded on Dcmoivre's false hypothesis, vi*, of an equal 
decrement of life through all its stages, and which is ex¬ 
plained under Life-annuities: but as this hypothesis does 
not agree near enough to fact and experience, the -rules 
deduced from it cannot be sufficiently correct. For this 
reason, Dr. Price, and also Mr. Mascres, cursitor baron 
of the exchequer (in two volumes lately published, enti¬ 
tled the Principles of the Doctrine of Life Annuities), 
have discarded the valuations of lives founded upon it; 
and the former in particular, in order to obviate all occa¬ 
sion for using them, has substituted in their stead, a gredt 
variety of new tables of the probabilities and values of 
lives, at every age and in every situation ; calculated, not 
upon any hypothesis, but in stric t conformity to the best 
observations. These tables, added to erther new tables of 
the same kind, in Mr.Baron Masercs’s work just mentioned, 
form a complete set ol tables, by which all questions re¬ 
lating to annuities on lives and survivorships, may be an-, 
swered with ns much correctness as the nature of the sub¬ 
ject admits of. 

Rules for calculating correctly, in most cases, the values 
of reversions depending on survivorships, may be found m 
the several treatises just mentioned. Mr. Morgan, in par-* 
ticular, lias gone a good way towards exhausting this sub¬ 
ject, as far ns any questions can include in them any sur¬ 
vivorships between two or thfee lives, either fur terms, or 
the whole duration of the lives. 

There is, however, one circumstance necessary to be 
attended to in calculating such values, to which no regard 
could be paid till lately. This circumstance is the shorter 
duration of the lives of males than of females j and the 
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conseque nt advantage in favour of females in a!) eases of 
survivorship. In the 4ll» edition of Dr. Price s 1 realise 
on Reversionary Payments, this tact is not only nsccr- 
ta ned, but separate tables of the duration and values of 
lives are given for males and lemales. 

SUSPENSION, in Mechanics, as in a balance, are 
those points in the axis or beam where the weights are 
applied, or from which they are suspended. 

SUTTON’s Quadrant. Sec Quadrant. 

SWAN, in Astronomy. SccCygnus. 

SWALLOW'S-Tail, in Fortification, is a single tcr.aille, 
which is narrower towards the place than towards the 
country. 

SWANPAN, or Chinese Abacus , an instrument for per¬ 
forming arithmetical operations, described by l)u Ualde 
in bis History of China. See Abacus. 

SWING- Wheel, in a .royal pendulum, is that wheel 
which drives the pendulum. In a watch, or balance 
clock, it is called the crown-wheel. 

SYDEREAL Day , or Year. See Sidereal. 

SYMMETRY, the relation of parity, both in respect 
of length, breadth, and height, ot the parts necessary to 
compose a beautiful whole. , Symmetry arises from that 
proportion which the Greeks call analogy, which is the re¬ 
lation of conformity of all the parts of a building, and of 
the whole, to some certain measure; upon which depends 
the nature of symmetry. 

According to Vitruvius, symmetry consists in the union 
und conformity of the several members of a work to th< ii* 
whole, and of the beauty of each of the separate parts 
to that of the entire work; regard being bad to some 
certain measure: so the body, for instance, is framed 
with symmetry, by the due relation which the arm, 
elbow, hand, lingers, &c, have to each other, anil to 
their whole. 

SYMPHO.NY, is a consonance or concert of several 
sounds agreeable to the car ; whether they be \ocal or in¬ 
strumental, or both ; called also harmony. The sym¬ 
phony of the ancients went no farther than to two or more 
voices or instruments set to unison ; for they had no such 
thing as music in parts; as is very well proved by Pcr- 
rault: at least, if ever they knew such a thing, it must 
have been lost very early. 

It is to Guido Arctine, about the year 1022, that most 
w riters agree in ascribing the invention of composition : it 
was he, they say, who fust joined in one harmony several 
distinct melodies; and brought it even to the length of 
4 parts, viz, bass, tenor, counter-tenor, and tnTic. 

The term symphony is now applied to instrumental 
music, botli that of pieces designed only for instruments, 
as sonatas and concertos, and that in which the instru¬ 
ments arc accompanied with the voice, as in operas, &c. 
A piece is said to be in grand symphony, when, besides 
the bass and treble, it has also two other instrumental 
parts, viz, tenor and 5th of the violin. 

SYNCHRONISM, the being or happening of several 
things together, at or in the same time. The happening 
or performing of several things in equal times, as the vi¬ 
brations of pendulums, Uc, is more properly called Uo- 
chronism ; though some authors confound the two. 

SYNCOPATION, in Music, is a striking or breaking 
of the time ; by which the distinctness of the several times 
or parts of the measure is interrupted. 

Syncopation, or Syncope, is more particularly used 
for the connecting the last note of ouc measure or bar 


with the first of the following measure; so as to make 
only one note ol both. " 

Syncopation is also used when a note of one part ends 
on the middle ot a note of the other part. 1 bis is oilur- 
wiso called binding. 

SYNODICAL Month , L the period or interval of time 
in which the moon parses from one conjunction with the 
sun to another. This period is also c.tiled a Lunation, 
since in this period the moon puts on all h< r phases, or 
appearances, as to increase anti decrease.— Kepler found 
the quantity of the mean :ynodical month to be da\s, 
12 lirs. 14 min. 3 sec. 1 1 thirds.. 

SYNTHESIS, denotes a method of composition, as 
opposed to analysis. In the synthesis, or synthetic me¬ 
thod, we pursue the truth by reasons drawn from prin¬ 
ciples before established, or assumed, and propositions 
formerly proved ; thus proceeding by a regular chain till 
we come to the conclusion; and hence called also the 
direct method, and composition, in opposition to analysis 
or resolution. Such is the method in Euclid’s Elements, 
and most demonstrations of the ancient mathematicians, 
which proceed from definitions and axioms, to prove theo¬ 
rems &c, and from those theorems proved, to demonstrate 
others. See Analysis. 

SYNTHETICAL Method, the method by synthesis, or 
composition, or the direct method. See Synthlsis. 

SYPHON. See Siphon. * 

SYRINGE, in Hydraulics, a small simple machine, 
serving first to imbibe or suck in a quantity of water, or 
other fluid, and then to expel the same with violence in 
a small jet. The syringe is a small single sucking pump, 
without a valve, the water ascending in it on the same 
principle. It consists, like the pump, of a small cylinder, 
with an embolus or sucker, moving up and down in it by 
means of a handle, and fitting it very close within. At 
the lower end is either a small hole, or a smaller tube 
fixed toil than the bdilyof the instrument, through whicli 
the fluid or the water is drawn up, and squirted out agaiu. 

This ascent of the water the ancients, who-supposed a 
plenum, attributed to nature’s abhorrence of a vacuum; 
but the moderns, more reasonably, ns well as more in¬ 
telligibly, attribute it to the pressure of the atmosphere on 
the exterior surface of the fluid. I’or, by drawing up the 
embolus, the cavity of the cylinder would become a va¬ 
cuum, or the air left there extremely rarefied ; so that 
being no longer a counterbalance to the air incumbent on 
the surface of the fluid, this prevails, and forces the water 
through the little tube, or bole, up into the body of the 
syringe. 

SYSTEM, in a general sense, denotes un assemblage 
or chain of principles and conclusions: or the whole of 
any doctrine, the several puits of whicli arc bound toge¬ 
ther, and follow or depend on each Other : as a system 
of astronomy, a system of planets, a system of philosophy, 
a system of motion, &c. , 

Systf.M, in Astronomy, denotes an hypothesis or a sup¬ 
position of a ccrtuin order and arrangement of the several 
parts of the universe; by which astronomers explain all 
the phenomena or appearances of the heavenly bodies, 
their motions, changes, &c. This is more peculiarly called 
the System of the world, and sometimes the Solar System. 

System and hypothesis have much the same signification; 
unless perhaps hypothesis be a more particularsyjtem, and 
system a more general hypothesis. Some late authors in¬ 
deed make another distinction: an hypothesis, say they, 
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is a mere supposition or fiction, founded rather on imagi¬ 
nation than reason ; while a system is built on the firmest 
ground, and raised by the severest rules; it is founded on 
astronomical observations, and physical causes, and con- 
firuud by geometrical demonstrations. 

The most celebrated systems of the world, are the Pto¬ 
lemaic, the Copernienn or Pythagorean, and theTychonic : 
the economy of each of which is as follows. 

Ptolemaic System is so called from the celebrated astro¬ 
nomer Ptolemy. In this system, the earth is placed at 
rest, in the centre of the universe, while the heavens arc 
considered as revolving about it, from east to west, and 
carrying along with them all the heavenly bodies, the stars 
and planets, in the space of 24 hours. 'I he principal 
assertors of this system, arc Aristotle, Hipparchus, Ptole¬ 
my, and many of the old philosophers; and indeed almost 
all astronomers, for a great number of ages, supported 
this system. But the lute improvements in philosophy and 
reasoning, have utterly exploded this erroneous system 
from the place it so long held in the minds of men. 

Copcnucan System, is that system of the world which 
places the sun at rest, in the centre of the world, and the 
earth and planets revolving about him, in their several 
orbits. See this more particularly explained under the 
article Copetinican System. 

Solar or Planetary System, is usually confined to nar¬ 
rower bounds ; the stars, by their immense distance, and 
the little relation they seem to bear to us, being account¬ 
ed no part of it. It is highly probable that each fixed 
star is itself a sun, and the centre of a particular system, 
surrounded with a company of planets &c, which, in dif¬ 
ferent periods, and at different distances, perform their 
courses round their respective sun, which enlightens, 
warms, and cherishes them. Hence we have a very mag¬ 
nificent idea of the world, and the immensity of it. Hence 
also arises a kind of system of systems. 

The planetary system, described under the article Co- 
rknsiCAN, is the most ancient in the world. It was first 
of all, as far as we know, introduced into Greece and Italy 
by Pythagoras ; from whom it was called the Pythagorean 
System. It was followed by Philolaus, Plato, Archimedes, 
&c: hut it was lost under the reign of the Peripatetic 
philosophy ; till happily retrieved about the year 1500 by 
Copernicus. 

Tychonic System, was taught by Tycho, a Dane; who 
was born an. dom. 1546. It supposes that the earth is 
fixed in* the centre of the universe or firmament of stars, 
and that all the stars and planets revolve round the earth 
in 24 hours; but it differs from the Ptolemaic system, os 
it not only allows a menstrual motion to the moon round 
the earth, and thut of the satellites about Jupiter and Sa¬ 
turn, in their proper periods, but it makes the sun to be 
the centre of the orbits of the primary planets Mercury, 
Venus, Mars, Jupiter, &c, in which they are carried round 


the sun in their respective years, as the sun revolves round 
the earth in a solar year; and all these planets, together 
with the sun, are supposed to revolve round the earth in 
24 hours. This hypothesis was so embarrassed and per¬ 
plexed, that very few persons embraced it. It was after¬ 
wards altered by Longomontanus and others, who allowed 
the diurnal motion of the earth on its own axis, but de¬ 
nied its annual motion round the sun. This hypothesis, 
partly true and partly false, is called the scmi-Tychonic 
system. See the figure and economy of these systems, in 
plates 56 and 37- 

System, in Music, denotes a compound interval; or 
an interval composed, or conceived to be composed of sc¬ 
leral less intervals. Such is the octave, &c. 

SYSTYLK, in Architecture, the manner of placing co¬ 
lumns, w here the space between the two fusts consists of 
, 2 diameters, or 4 modules. 

SYZYGY, a term equally used for the conjunction and 
opposition of a planet with the sun.— On the phenomena 
and circumstances of the syzygics, a great part of the 
lunar theory depends. Sec Moon. For, 

1. It is shown in the physical astronomy, that the force 
which diminishes the gravity of the moon in the syzygies, 
is double that which increases it in the quadratures ; so 
that, in the syzygics, the gravity of the moon is diminished 
by a part which is to the whole gravity, as 1 to 89*36; 
for in the quadratures, the addition of gravity is to the 
whole gravity, as I to 178*73. 

2. In the syzygies, the disturbing force is directly as the 
distance of the moon from the earth, and inversely as the 
cube of the distance of the earth from the sun. And at 
the syzygies, the gravity of the moon towards the earth re¬ 
ceding from its centre, is more diminished than according 
to the inverse ratio of the square of the distance from that 
centre.—Hence, in the moon’s motion from the syzygies 
to the quadratures, -the gravity of the moon towards the 
earth is continually increased, and the moon is continually 
retarded in her motion ; but in the moon s motion from 
the quadratures to the syzygies, her gravity is continually 
diminished; and the motion in her orbit is accelerated. 

3. Further, in the syzygics, the moon’s orbit, or circuit 
round the earth, is more convex than in the quadratures; 
for which reason she is less distant from the earth at the 
former than the latter.^-Also, when the moon is in the sy¬ 
zygies, her apses go backward, or are retrograde.—More¬ 
over, when the moon is in the syzygies, the nodes move in 
anteccdentia fastest; then slower and slower, till they be¬ 
come at rest when the moon is in the quadrntures.—-I^astly, 
when the nodes are come to the syzygies, the inclination 
of the plane of the orbit is the least of all. 

However, these several irregularities arc not equal in 
each syzygy, being all somewhut greater in the conjunc¬ 
tion than in the opposition. 
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T ABLE, in Architecture, n smooth, simple member or spectivc plane, or the transparent piano on which the ob- 

ornament, of various forms, but most commonly in jeets arc formed in tbeir respective appearance. 

that of a parallelogram. Ta ble of Pythagoras, is the same as the Multi plica* 

Table, in Perspective, is sometimes used for the per- tion table; which sec; as also Pythagoras s tame. 
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Tables, in Mathematics, are systems or series of num¬ 
bers, calculated to be ready at hand for expediting calcu¬ 
lations in the various branches of mathematics ; as, tables 
of powers, or roots, of reciprocals, of products,&c. 

Astronomical Tables', are computations of the motions, 
places, and other phenomena of the planets, both primary 
am! secondary. The oldest astronomical tables extant are 
those of Ptolemy, found in his Almagest. These however 
are not now of much use,as they no longer agree with the 
motions of the heavens. 

In 1252* Alphonso XI, king of Castile, undertook the 
correcting of them, chiefly by the assistance of Isaac l la- 
zv n, a learned Jew ; and spent 400,000 crowns on the bu¬ 
siness. Thus arose the Alphonsinc tables, to which that 
pi ince. himself prefixed a preface. But the deficiency of 
these also was soon perceived by Purbach and Muller, or 
Regiomontanus; on which the latter, and after him Wal- 
ther Warner, applied themselves to celestial observations, 
for further improving them; but death, or various diffi¬ 
culties, prevented the effect of these laudable designs. 

Copernicus, in bis books of the celestial revolutions, 
gives other tables, calculated by himself, partly from his 
own observations, and partly from the Alphonsinc tables. 

Front Copernicus’s observations and theorems, Krasin us 
Reinhold afterwards compiled the Prutcnic tables, which 
have been printed several time*, and in several places. 

Tycho Brahe, even in his youth, became sensible of 
the deficiency of the Prutcnic tables: which determined 
him to apply himself with so much vigour to celestial ob¬ 
servations. From these he adjusted the motions of the 
sun and moon; and Longomontanus, from the same ob¬ 
servations, constructed tables of the motions of tlie pla¬ 
nets, which lie added to the theories of the same, pub¬ 
lished in his Astronomia Danica; those being called the 
Danish tables. And Kepler also, from the.same observa¬ 
tions, published in 10*27 hi* Rudolphine tables, which arc 
much esteemed. 

These were afterwards, viz, in 1650, changed into ano¬ 
ther form, by Maria Cunitia, whose astronomical tables, 
comprehending the effect of Kepler's physical hypothesis, 
are very easy, satisfying all the phenomena without any 
mention of logarithms, and with little or no trouble of 
calculation. So that the Rudolphine calculus is here 
greatly improved. 

Nic. Mercator made a similar attempt in his Astrono¬ 
mical Institution, published in lG76\ As did also J. Bap. 
Morini, whose abridgement of the Rudolphine tables was 
prefixed to a Latin version of Street’s Astronomia Caro¬ 
lina, published in 1705. Lansberg indeed endeavoured 
to discredit the Rudolphine tables, and framed perpetual 
tables, as he calls them,.of the heavenly motions. But his 
attempt was never much regarded by the astronomers; 
and our countryman Horrox warmly attacked him, in his 
defence of the Keplerian astronomy. 

Since the Rudolphine tables, many others have been 
framed, and published: as the Philolaic, tables of Bul- 
liald ; the Britannic Tables of Vincent Wing, calculated 
on Bulliald's hypothesis'; the Britannic tables of John 
Newton ; the French ones of the count Pagan ; the Caro¬ 
line fables of Street,all calculated on Ward's hypothesis; 
and the Novelmajcstic tables of Uiccioli. Among these, 
however, the Philolaic and Caroline tables are esteemed 
the best ;• insomuch that Mr. W his ton, by the advice of 
Mr. Flamsteed, thought fit to subjoin the Caroline tables 
to his ostronomicul lectures. 
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The Ludovician tables, published in 1702, by La hi re, 
were constructed wholly from his own observations, and 
without the assistance of any hypothesis; which, before 
the invention of the micrometer telescope and the pcndu-~ 
lum clock, was held impossible. 

Dr. Halley also long laboured to perfect another set of 
tables ; which were printed in 17 19 * hut not published till 
1752. 

M.Monnier, in 1716, published, in his Institutions 
Astronumiqucs, tables of the motions of the sun and moon, 
with the satellites; as also of refractions, and the places 
ot the fixed stars. Lahire also published tables of the 
planets, and Lacuille tables of the sun : Gael Morris pub¬ 
lished table's ol the sun and moon, and Mayer constructed 
tables of the moon, which were published by the board of 
longitude. Tables of the same have also been computed 
by Charles Mason, from the principles of the Newtonian 
philosophy, which are found to be very accurate, and arc 
employed in computing the Nautical Kpbemcris. .Many 
other sets of astronomical tables havcaLo been published 
by various persons and academics; and divers sets of 
them may be found in the modern books of astronomy, 
navigation, &c, of which those are esteemed among the 
best that are printed in Lalandc’s Astronomy ; in Vince’s 
Astronomy; also Dclainbre’s, Burg’s, and Burckhardt’s 
tables, Arc. For an account of several, and especially 
of those published annually under the direction of the 
commissioners of longitude, sec Almanac, Ephlmlris, 
and Longitude. 

For Tables of the Stars , see Catalogue. 

Tables of Sines, I (indents, and Secants, used in trigo¬ 
nometry, Arc, arc usually called Canons. Sec Sine. 

'Fari.es of Logarithms , Rhumbs , Ac* used in trigonome¬ 
try, navigation, Arc, sec Logarithm, and Rhumb. 

'Fables, Loxodrornic , and of Differ nice of Latitude and 
Departure , arc tables used in computing the way and rec¬ 
koning ol a ship on a voyage, and arc published in most 
books of navigation. 

TACQUE1 (An drew), a Jesuit of Antwerp, who died 
in l 66 (). • I le was a most laborious and voluminous writer 
in mathematics. His works were collected, and printed 
at Antwerp in one large volume in folio, 1669 , Tacquet 
was one of those learned Jesuits who chiefly cultivated the 
liberal sciences in the l 6 th and 17th centuries. Besides 
the collection of his works above-mentioned, lie had before 
published very neat editions of the F.lcmcnts of Geome¬ 
try, and of Arithmetic, both in Svo. In matters of astro¬ 
nomy, his fear of the church censures seems to have pre¬ 
vented him from more effectually defending the Coperni- 
can system of the world. A very particular and satisfac¬ 
tory account of the collection of his works may be seen in 
the Philos. 'Frans, vol. 3, pa. 868 , or in my Abridgment, 
vol. I, pa. 314. • ' 

TACTION, in Geometry, the same as tangency, or 
touching. Sec Tangent. 

TALUS, or TALUD, in Architecture, the inclination or 
slope of a work; as of the outside of a wall, when its 
thickness is diminished by degrees, as it rises in height, to 
make it the tinner. 

Talus, in Fortification, means also the slope of a 
work, whether of earth or masonry. 

The Kxtcrior 7Vi/iu*of a work, is its slope on the side 
outwards or towards the country ; which i* always made 
as small as possible, to prevent the enemy’s escalade, un¬ 
less tbe earth be bad, for then it is necessary lo allow a 
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considerable talus Tor its parapet, and sometimes to sup¬ 
port the earth with a slight wall, called a revcteinent. 

The Interior Talus of a work, is its slope on the inside, 
towards the place. This is larger than the former, and it 
has, at the angles of the gorge, and,sometime> in the mid¬ 
dle of the curtains, ramps, or sloping roads for mounting 
upon the terreplain of the rampart. 

Superior Talus of the Parapet, is a slope on the top 
of the parapet, that allows of the soldiers defending the 
covert-way with small-shot, which they could not do if it 
were level. 

TAMBOUR, in Architecture, a term applied to the 
Corinthian and Composite capitals, as bearing some re¬ 
semblance to a tambour or drum. 

TAMUZ. in Chronology, the 4th month of the Jewish 
ecclesiastical year, answering to part of our June and 
July. The 17th day of this month is observed by the 
Jews as a fast, in memory of the destruction of Jerusalem 
by Nebuchadnezzar, in the 11th year ol Zetlekiab, and the 
58Stl» before Christ. 

TANGENCIES (Problem of). This general problem 
in Geometry furnishes the subject of one of the 12 trea¬ 
tises described by Pappus in the preface to the 7th hook 
of his Mathematical Collections. The general problem is 
this: Of points, right-lines, and circles, any three being 
given; lo describe a circle that shall pass through the than any rectilineal angle whatever. 





curve, &c, that is, which meets it 
in a point w ilhout cutting it, though 
it be produced both ways; as 
the tangent a b of the circle BD. 

The point n, where the tangent 
touches the curve, is called the 
point of contact. 

'1 he direction of a curve at the 
point of contact, is the same as that of the tangent. It 
is demonstrated in Gcomctiy, 

1. 'lliat a tangent to a circle, as ab, is perpendicular 
to the radius nc drawn to the point of contact. 

2. The tangent ab is a mean proportional between av 
and al, the whole secant and the external part of it; and 
the same lor any other secant drawn from the same 
point a. 

3. The two tangents ab and ad, drawn from the same 
point a, are always equal to each other. And therefore 
also, it a number of tangents be draw n to different points 
of the curve quite around, and an equal length ba be 
set off upon each, of them from the points of contact, 
the locus o! all the points a will be a circle having the 
same rc ntre c. 

4. The angle of contact a be, formed at the point of 
contact, between the tangent ab and the arc be, is less 


given points, and also touch the given lines. 

This naturally divides into 10 distinct propositions; 
which, if the three things he thus denoted, viz, a point 
by the mark ( • ), a line by (I), and u circle by (0), 
may be stated very briefly according to the several data, 
in the following order : viz, (• • 1), (• 11), (110), (’10), 

(ioo), (• • o), (-oo), (ooo),-(•••). (in). 

The original treatise on this subject, by Apollonius, 
having been lost, the restoration of it has lately been at¬ 
tempted by several persons; viz, by Vieta, under the 
title of Apollonius Gallus; and many of (he deficiencies 
were supplied by Ghetaldus. Afterwards the tactions 
were restored by various other mathematicians, both geo¬ 
metrically and algebraically. A treatise on them by G. 
Camerar was published at Gotha and Amsterd. in 1795; 
but it contains only an edition of Viola's treatise, with 
notes and additions, and a curious history of the problem. 
The history is interesting, from the accounts*it contains 
of the labours of some foreign mathematicians on this 
•problem, which are little known in this country. He 
gives the preface and lemmata of the tactions in Greek, 
with some various readings of several manuscripts of Pap¬ 
pus. Though Victa's solutions arc elegant, yet they arc 
in several respects deficient: there is not a full distinction 
either of the cases, or of the necessary determinations: 
no analysis is given, and no attempt to restore the Apol¬ 
lonian solutions by the use of the lemmata in Pappus, 
which had been assumed in the work of Apollonius. 

In the remaining papers of Dr. Rob. Simson, it seems, 
arc found solutions of some of the cases of this problem. 
Also the treatises of Vieta and Ghetaldus have been 
^translated into English, with the addition of a supplement, 
by the llev. John Lawson, and a further addition of Fer¬ 
mat's Treatise on Spherical Tangencies. And Mr. -Les¬ 
lie has given, in his Geometry, as examples of the geo¬ 
metrical analysis, solutions to many of the cases of this 
problem. Also Mr. John Lawson published a neat edition, 
•in English, of the two books on Tangencies, 1771» in 4to. 

. TANGENT, in Geometry, is a line that touches a 


5 


The tangent of an arc is the right line that limits 
the position of all the secants that can pass through tljc 
point of contact; though strictly speaking it is not one 
of the secants, but only.the limit of them. 

6. As a right line is the tangent of a circle, when it 
touches the ciicle so closely, that no right line con be 
drawn through the point of contact between it and the 
arc, or within the angle of contact that is formed, by 
them ; so, in general, when any right line touches an aic 
of any curve, in such a manner, that no right line can 
be drawn through the point of contact, between the right 
line and the arc, or within the angle of contact that is 
formed by them, then is that line the tangent of the curve 
at the said point; as An in the figures below. 



7. In nil the conic sections; if c be the centre of the 
figure,and no an ordinate drawn from 
the point of contact and perpendicu¬ 
lar to the axis; then is cg : ce : : 
ce : ca, or the semiaxis ce is a mean 
proportional between cg and ca. 

Tangent, in Trigonometry. A 
Tangent of an arc, is a right line 
touching one extremity of the arc, 
and limited by a secant or line drawn 
through the centre and the other ex¬ 
tremity of the arc. 

So, ag is the tangent of the arc ab, or of the arc abd ; 
and ah is the tangent of the arc ai, or of the arc aidk. 

The same are also the tangents of the angles that arc 
subtended or measured by the arcs. 

Hence, 1. The tangents in the 1st and 3d quadrants arc 
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positive, in the 2d and 4th negative, or drawn the con¬ 
trary way. But of O or 180° the semicircle, the tangent 
is O or nothing; while those of 90 ° or a quadrant, and 
270° or 3 quadrants, are both infinite; the former infi¬ 
nitely positive, and the latter infinitely negative. That is, 

Between O and 90 °, or between 180° and 270°, the 
tangents arc positive. 

Between 90° and 1S0°, or between 270° and 360°, the 
tangents arc negative. 

2. The tangent of an arc and the tangent of its supple¬ 
ment, are equal, but of contrary affections, the one being 
positive, and the other negative ; 

as of a and 180° — a 9 where a is any arc. 

Also 180° + a 7 have the same tangent, and are of the 

and a 3 same affection. 

Or ISO 0 + have the same tangent, but of diffe- 

and 180° — a 3 rent affections. 

3. The tangent of an arc is a 4th proportional to the 
cosine, the sine,*and the radius; that is, cn: nd: :ca: 
ao. Hence, a canon of sines being made or given, the 
canon of tangents is easily constructed from them. 

C^-Tangent, contracted from complcmcnt-tangcnt, 
is the tangent of the complement of the arc or angle, or 
of what it wants of a quadrant or 9 O 0 . So lm is the cotan¬ 
gent of thearc ab, being the tangent of its complement dl. 

The tangent is reciprocally as the cotangent; or the 
tangent and cotangent arc reciprocally proportional with 

the radius. That is tang, is as —-—, or tang. : radius 

0 coian. 3 

: : radius : cotan. And the rectangle of the tangent and 
cotangent is equal to the square of the radius; that is, 
tan. x cot. = radius *. 

If a denote any arc, and t its tangent, radius 1 : then 

h &c. Whence, 


is a = / — 


a 


4 -“' - 4--’ 


since tan. 45° = 1, we have arc 45° = 1 


1 

7 

a 


1 

7 


— - See. 


17 


15 31S 

Further, t = = 


And conversely t = a 
&c. ‘ 

= - D 


1 

~ 

a* 


tin a 


%/(l— tiii’a) 

= cota — 


cm a cot a 

*/ (\ — ccgjg) a tan) a 9 

1 — un ' Ja coi J a — tan \ a 

1 — co* 9/i sin 9 a 


i*os a 


2col2 a — 




sin 9a 

1 - cn* 9 a _ tan (45 -4- \ a) - tan (45 - \ a) 
4- co* 9a v ' 1 2 ■ 


1 4- co* 2a 


Also, tan (a 4 - b) '= 
tan (a — b) = 
tan a 4 -tan b = 

COt tf-f-COt b = 


tan a 


tan b 


1—uua tan b* 
tana — t*n b 
l 4- Una . tan b' 
»in (q 4 - /■) 
cos a • co* b* 

■in (fl4-ft) 
sin a • iin 


See the treatises on trigonometry by Emerson, Cagnoli, 
Alauduit, and several others. 

Artificial Tangents, qr Logarithmic Takgents, arc 
the logarithms of the tangents of arcs; so called, in con¬ 
tradistinction from the natural tangents, or the tangents 
expressed by the natural numbers. 

Line of Tangents, is a line usually placed on the scc- 
Vofii II. 


tor, and Gunter's scale; the description and uses of which 
see under the article Sector. 

S*/6 -Tangent, a line lying beneath the tangent, being 
the part of the axis intercepted by the tangent and the 
ordinate to the point of contact : as the line ag in the 2 d 
and 3d figures above. 

Method of Tang ents, is a method of determining the 
quantity of the tangent and subtangent of any algebraic 
curve ; the equation of the curve being given. 'Ibis me¬ 
thod is one of the great results of the doctrine of fluxions. 
It is of great use in geometry ; because that in determin¬ 
ing the tangents of curves, wc determine at the same time 
the quadrature of the curvilinear spaces: on which ac¬ 
count it deserves to be here particularly treated on. 

% 

To Draw the Tangent, or to find the Subtangent , of a 

curve. 

If ae be any curve, and e any 
point in it, to which it is required 
to draw a tangent te. Draw the 
ordinate i>e : then if we can deter¬ 
mine the subtangent td, by joining 
the points t and e, the line te will 
be the tangent sought. 

Let dae be another ordinate in¬ 
definitely near to dl, meeting the curve, or tangent pro¬ 
duced, in e; and let e a be parallel to the axis ad. Then 
is the elementary triangle Lae similar to the triangle 
tde; . 

and therefore - ea : az : : ed : dt ; 

but - - - - ea : ql : : flux, ed : flux, ad ; 



therefore 
that is - 


- - flux, ed : flux, ad : : de : dt; 


y* 


= dt, 


which is therefore the value of the subtangent sought; 
where x is the absciss ad, and^y the ordinate de. . 

Hence conics this general rule- By the given equation 
of the curve, find the value either of x or y, or of 

—which substitute for it in the expression dt = -??■, 

and, when reduced to its simplest terms, it will be the 
value of the subtungent sought. This wc may illustrate 
in the following examples. 

Ex. 1. The equation defining a circle is 2ax — xx = 
y\ where a is the radius; and the fluxion of this is 

a ; this multiplied 
= the subtungent td, 


2ax — 2 xx = 2yy ; hence —r- = 

yx _ y* _ de* 

y ~ a-x — 


CD 


by y, gives -y- = 

or cn : bE : : de : td, which is a property of the circle 
also known from common geometry. 

Ex. 2. The equation defining the common parabola is 
ax = y x , a being the parameter, and xaml y the absciss 
and ordinate in all cases. The fluxion of this is ax = 

^ • , X 91 / yX 91/* 9c# 

2 yy ; hence -j- = ~; consequently A— = — = —— 

= 2 x = td ; that is, the subtangent td is double 
the absciss ad, or ta is = ad, which is a well-kuown 
property of the parabola. p 

Ex. 3. The equation defining an ellipsis is c*( 6 flSr—x*) 
= o f y % 9 where a and c arc the semiaxes. The fluxion 
of it is c f ( 2 c/x — 2 xx) = 2 a x yy; hence 

c* (Qax-x 3 ) 2 a—x . 

”*"(«-*) = 7T7 X = td the sub- 




0 y _ 


y x __ _ 

y c* (a-*) 
tangent; or by addingCD which is = a — x, it bedbmw 
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CT = 


lar — .r 


CA' 


a — x = 


or cd : ca 


a - x a — x cd 

ca : CT, a well-known property of the ellipse. 

Ex. 4. The equation defining the hyperbola is c 1 
(2 ax 4- a 2 ) = which is similar to that for the el¬ 


lipse, having only 4- x* for — x 1 ; hence the conclusion 
is exactly similar also, viz, 

la 4- X 20X 4- XT 


a 4- x 


•x or 


a 4- x 


= TD. 


which taken from cd or 


a 4- x, gives ct = 


CA 


CD 


or cd : ca 


ca : ct. 


general expression 


y* 

y 


thought to have great skill injudicial astrology. He was 
particularly famous by two horoscopes which he drew, 
the one the horoscope of Romulus, and the other of Home. 
Plutarch says, “ Varro, who was the most learned of the 
Romans in history, had a particular friend named Tar- 
rantius, who, out of curiosity, applied himself to draw ho¬ 
roscopes, by means of astronomical tables, and was 
esteemed the most eminent in his time.” Historians con¬ 
trovert some particular circumstances of his calculations ; 
but all agree in conferring on him the honorary title Prince 
of astrologers. 4 

TARTAGL1A, or Tartalea (Nicholas), a noted 
mathematician, was born at Brescia in Italy, in 1479, of 
a very poor family ; and was in that town when the French 
plundered it on their return from Naples. On this occa¬ 
sion he received many wounds, several of them on the head, 
which affected his speech, causing him to stutter. It is 
not known how he learned to read ; but, to acquire writ¬ 
ing, he was obliged to steal from a teacher a set of the let¬ 
ters of the alphabet. Hence, it is easy to imagine what 
difficulties lie must have surmounted in acquiring his know¬ 
ledge. Vet we find he was a considerable master or pre¬ 
ceptor in mathematics in the year 1521, when the first of 
his collection of questions and answers was written, which 
lie afterwards published in the year 1546, under the title 
of Quesiti et Invention! diverse, at Venice, where he then 
resided as a public lecturer on mathematics, having re¬ 
moved to this place about the year 1534. This work con- 
hence yy — 2 a* — xx, the fluents of s j 5ts 0 j- g c h n pi e rs, containing solutions to a number of 


And so on, for the tangents to other curves. 

The Inverse Method of Tangents. This is the re¬ 
verse of the foregoing, and consists in finding the nature 
of the curve that has a given, subtangent. The method 
of solution is to put the given subtangent equal to the 


yx 


> 


which serves for all kinds of 


curves ; then the equation reduced, and the fluents taken, 
will give the fiuenlial equation of the curve sought. 

Ex. 1. To find the curve line whose subtangent is = 

—jp. Here ; hence 2 yy = ax, . and 

fluents of this give }/ = ox, the equation to a 


bola, which therefore is the curve sought. 
Ex. 2. 

yy 

la — x 

yy 

la — x 


the 
para- 


To find the curve whose subtangent 
, or a third proportional to 2 a — x and y. 


is = 
Here 


which givey* = a.r — x*, the equation to a circle, which 
therefore is the curve sought. 

Or, in a more general sense, this is the same thing as 
finding the fluents of such forms as involve several varia¬ 
ble quantities. Sec Inverse, &c. Also the Fluxional 
Treatises by Muclaurin, Simpson, Emerson, Dealtry, 
Bossu, Lacroix, Lagrange, &c. 

TANTALUS's Cup, in Hydraulics, is a cup, as a, with 
a hole in the bottom, and the longer leg 
of a syphon bced cemented into the hole; 
so that the end i> of the shorter leg de 
may always touch the bottom of the cup 
within. Then, if water be poured into 
this cup, it will rise in the shorter leg by 
its upward pressure, extruding the air be¬ 
fore it through the longer leg, and when 
the cup is filled above the bend of the sy¬ 
phon at e, the pressure of the water in the 
cup will force it over the bend; from 
wjience it will descend in the longer leg 
rn, and through the bottom at g, till the 
cup be quite emptied. The legs of this syphon are almost 
close together, and it is sometimes concealed by a small 
hollow stutuc, or figure of a man placed over it; the bend 
e being within the neck of the figure as high ns the chin. 
So that poor thirsty Tantalus stands up to the chin in wa¬ 
ter, according to the fable, imagining it will rise a little 
higher, as more water is poured in, and h«/muy drink ; 
but instead of that, when the water comes up to his chin, 
it immediately begins to descend, and therefore, as he can¬ 
not stoop to follow it, he is left in the same distressful state 
of thirst as before. Ferguson’s Lcct. pa. 72, 4to. 

1ARRANTIUS (Lucius), surnamed Firmanus, be¬ 
cause he was a native of Firinum, a town in Italy, flourish¬ 
ed at the same time with Cicero, und was one of his friends, 
lie was a mathematical philosopher,'and therefore was 



questions on all the different branches of mathematics and 
philosophy then in vogue. The last or f)th of these con¬ 
tains the questions in algebra, among which arc those ce¬ 
lebrated lettersand communications between Tartalea and 
Cardan, by which our author put the latter in possession 
of the rules for cubic cquutions, which he first discovered 
in the year 1530. 

But the first work of Tartalea’s that was published, was 
liis Nova Scicntia inventa, in 4to, at Venice in 1537. 
This is a treutise on the theory and practice of gunnery, 
and the ti«t of the kind, he being the fust writer on the 
flight and path of balls and shells. This work was trans¬ 
lated into English, by Lucar, and printed at London in 
1588, in folio, with many notes and additions by the trans¬ 
lator. Tartalea published at Venice, in fojio, 1543. the 
whole books of Euclid, accompanied with many curious 
notes and commentaries. But the last and chief work of 
Tartalea, was his Trattuto di Numcri et Misure, in folio, 
1556 and 1560. This is a universal treatise on arithme¬ 
tic, algebra, geometry, mensuration, &c. It contains also 
many other curious particulars of the disputes between 
our author and Cardan, which elided only with the death 
of Tartalea, in 1557, before the last part of this work was 
published in the year 1558. One of the ingenious inven¬ 
tions of Tartalea was the methud of finding the area ol a 
triangle from having the three sides given. 

For many other circumstances concerning Tartalea and 
his writings, sec the article Algebiia, vol. 1. 

TAURUS, the Bull, in Astronomy, one of the 12 signs 
in the zodiac, and tha second in order. The Greeks fa¬ 
bled that this was the bull which carried Europa salcly 
across the seas to Crete; and that Jupiter, in reward for 
so signal a service,- placed the creature, whose form he had 
assumed on that occasion, among the stars, aud that this 
is the constellation formed of‘it. But it is probable ihut 
tho Egyptians, or Babylonians, or whoever invented the 
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constellations of the zodiac, placed this figure in that part 
of it which the sun entered about the ttnie ol the bringing 
forth of calves ; like as they placed the ram in the first 
part of spring, as the lambs appear before them, and the 
two kids (for that was the original figure of the sign Ge¬ 
mini), afterwards, to denote the time of the goats bring¬ 
ing forth their young. 

In the constellation Taurus there arc some remarkable 
stars that have names; ns Aldcbaran in the south or right 
eye of the bull, the cluster called the Pleiades in the neck, 
and the cluster called Hyades in the face. The star-, in 
the constellation Taurus, in Ptolemy’s catalogue are 44, 
in Tycho's catalogue 43, in Hevelius’s catalogue 51, and 
in the Britannic catalogue 141. 

TAYLOR (Or. Brook), a very able mathematician 
and secretary of the Royal Society, was bom at Edmonton, 
in Middlesex, l6\S5. In 1701 In-entered St. John’s College, 
Cambridge; and in 170K wrote Ins tract on the centre of 
oscillation. In 1712 lie was elected into the Royal So¬ 
ciety, of which he was chosen secretary two years after. 
Dr. Taylor had many excellent papers, on philosophy and 
mathematics, inserted in the Philos. Trans, from vol. 27 
to vol. 32, inclusively ; besides which, lie published sonic 
other excellent works, viz, Methodus Incrementorum, in 
4to, 1715, containing mnny excellent tracts, particularly 
a curious and general theorem, on the manner of express¬ 
ing a variable quantity by all the orders of its differentials 
or fluxions ; also the problem of the vibrations of a tense 
cord, of which lie gave the first solution. The same year 
also came out his Principles of Linear Perspective, first 
establishing the true practice of that art, on principles 
which have been ever since followed by all other authors. 
Dr. Taylor was a profound and elegant mathematician of 
the old school of Newton, Jones, Cotes, &c, and otto of the 
chief writers in the disputes with the Bcrnoullis and other 
eminent writers on the continent. Dr. Brook died at an 
early age, 46', in the year 1731. 

Taylor’s Theorem, in the higher mathematics, is a very 
elegant and fertile formula, given by Dr. Brook Taylor, 
in cor. 2, pr. 7, pa. 23, of his Method of Increments. The 
purport of it is as follows :—If r and z be any two variable 
quantities, having any given relation ; then, while x by 
flowing uniformly, is increased by x , z will be increased 

L V £ + -i &c ; in which the values of 

* 1.2 1.2.U 

z, z, &c, arc to be determined from the given equation. 

The demonstration of this theorem has been given by 
several eminent writers; as Frisi; Lacroix, pa. 25, Calcul. 
Differential.; Francocur, Mathcmatiqucs Pures, tom. 2, 
pa. 243, &c ; and by Dr. Brinkley, vol. 7. Transactions of 
the Irish Acad, with applications of the use of the theo¬ 
rem, in finding fluxions per saHum , and in approximating 
to the roots of equations, £fc. 

TEBET, or The vet, the 4th month of the civil year 
of the Hebrews, and the 10th of their ecclesiastical year. 
It answered to part of our December and January, and had 
only 29 days. 

TEETH, of various kinds of machines, as of mill 
wheels, &c. These are often called cogs by the workmen; 
and by working in the pinions, rounds, or trundles, the 
wheels are made to turn one another.' Mr. Emerson (in 
his Mechanics, prop.25), treats of the theory of teeth, and 
shows that they ought to have the figure of epicycloids, 
for properly working in one another. Camas (in his Cours 
dc Mathematical*, tom. 2, pa. 349, edit. 1767) treats 


more fully on die same subjr ct ; and demonstrates that tne 
teeth of the two wheels should ha'C the figure* ol epicy¬ 
cloids, but that the generating circles o! these epicycloids 
should have thc;r diameters only the halt ol what Mr. 
Emerson makes them. 

Mr. .Emerson observes, that the teeth ought not to act 
upon one another before they arrive at the hue which joins 
their centres. And though the inner or under sides ot 
the teeth may be of any form ; yet it i> better to make 
them both sides alike, which will serve to make the wheels 
turn backwards. Also a part may be cut away on the 
back ol every tooth, to make way lor those ol the other 
wheel. And the more teeth that work together, the bet¬ 
ter ; at least one tooth should always begin before the 
other has done working. The teeth ought to be disposed 
in such manner a> not to disturb or hinder one another, 
before they begin to work ; and there should be a conve¬ 
nient length,depth, and thickness given to them, as well lor 
strength, as that they may more easily disengage them¬ 
selves. 

TELEGRAPH, a machine brought into use by the 
French nation, in the year 17contrived to communi¬ 
cate words or signals from one person to another at a great 
distance, in a very small space of lime. 

The telegraph, though it has been generally known and 
used by the moderns only for a few years, is by no means 
an entirely modern invention; some kind of signals for 
distant communication having probably existed in\ all 
ages, and in ull nations. There is reason to believe that 
among the Greeks something of this kind was in use; as 
the burning of Troy was certainly known in Greece very 
soon after it happened, and before any person had re¬ 
turned from thence.—The Chinese, when they send cou¬ 
riers on the great canal, or when any great man travels 
there, make signals by tire from one day’s journey to ano¬ 
ther, to have every thing prepared. And most of the 
barbarous nations used formerly, and often do still, to 
give the alarm of war, or the approach of an enemy, by 
fires lighted on the hills or rising grounds. 

The object proposed is, to obtain an intelligible figura¬ 
tive language, which may be distinguished at a distance, 
and by which the obvious delay in the dispatch of orders 
or information by'messenger may be avoided. On first 
reflection we find the practical modes of such distant com¬ 
munication must be confined to sound and vision. Each 
of which is in a great degree subject to the state of the at¬ 
mosphere: as, independent of the wind’s direction, it is 
known that the air is sometimes so fur deprived of its elas¬ 
ticity, or whatever other quality the conveyance of sound 
depends on, that the heaviest ordnance is scarce beard 
farther than the shot flics; it is also well known, that in 
thick haay weather the largest objects become totally ob¬ 
scured at a short distance. No instrument therefore de¬ 
signed for the purpose can be perfect. We can only en¬ 
deavour to diminish these defects as much as may be. 

Polybius names the different instruments used by the 
ancients, for communicating information, rufcmai, pyrsia, 
because the signals were always made by means of fire or 
lights. At first they communicated information of events, 
in an imperfect manner, merely by torches. A new me¬ 
thod was invented by Cleoxenus, or as others say by De- 
moclitus, which was much improved by Polybius, as he 
himself informs us and which he describes as follows : 
Take the letters of the (Greek) alphabet, and divide them 
into 5 parts, each of which will consist of 5 letters, except 
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ihe last division, which will have only 4. Let these be 
lixed on a board in five columns. The man who is to give 
'the signals is then to begin by holding up 2 torches, which 
he is to keep aloft till the other person lias also shown 
two; which i:> only to ascertain that botli sides are ready; 
these two torches being then withdrawn. Both parties 
are provided with boards, on which the letters are dis¬ 
posed as before described. -The person then, who gives 
tin- signal, is to hold up torches on the left, to point out 
to the other party from which column he shall take the 
letters, as they are pointed out to him. If it is to be 
iiom the first column, he holds up one torch ; if from the 
second, 2 ; and so on for the others. He is then to hold 
up torches on the right, to denote the particular letter of 
the column that is to be taken, according to their place in 
the column. '1 he man who gives the signals has an in¬ 
strument consisting of two tubes, so placed as that, by 
looking through one ol them, he can sec only the right 
side, and through the other only the left, of him who is 
to answer. 'I he board is set up near this instrument; 
and the station on the right and left surrounded with a 
wall, 10 feet broad, and about the height of a man, that 
the torches raised abmc'it may be clearly seen, and to 
conceal them when taken down. Thus, then, it is easy 
to conceive how the letters of a short sentence, one after 
another, are communicated from station to station, as far 
as required.—And this is the pyrsia or telegraph recom¬ 
mended by Polybius. 

It seems the Romans had a method in their walled ci¬ 
ties, either by a hollow formed in the masonry, or by 
tubes affixed to it, so to confine and augment sound, as 
to convey information to any part they wished ; and in 
lofty houses it is now sometimes tlie custom to have a pipe, 
by way of speaking trumpet, to give orders from the upper 
apartmeuts to the lower: by this mode of confining sound 
its volume may be carried to a very great distance; but 
beyond a, certain extent the sound, losing articulation, 
would only convey alarm, not give directions. 

Every city uinoug the ancients had its watch-towers-; 
and the castra stativa of the llomans, had always some 
spot, elevated either by nature or art, from whence signals 
were given to the troops cantoned or foraging in the neigh¬ 
bourhood. But I believe they had not arrived to greater 
refinement than that on seeing a certain signal they were 
immediately to repair to their appointed stations. 

A beacon or bonfire made of the first inflammable ma¬ 
terials that offered, as the most obvious, is perhaps the 
most ancient mode of general alarm; and by being pre¬ 
viously concerted, the number or point where the firc 9 
appeared might have its particular intelligence affixed. 
The same observations may be referred to the throwing up 
of rockets, whose number or point from whence thrown 
may have its affixed signification. 

Flags or ensigns with their various devices arc of the 
earliest invention, especially at sea; where, from the first 
idea, which most probably was that of a vane, to show the 
direction of the wind, they have been long adopted as the 
distinguishing mark of nations, and arc now so neatly com¬ 
bined by the ingenuity of great naval commander, that 
by his system every- requisite order and question is re¬ 
ceived and answered by the most distant ships of a fleet. 

To the adopting this or a similar mode in land service, 
the following are objections: That ii> the latter case, the 
variety of matter necessary to be conveyed, is so infinitely 
greater, that the combinations would become too compli¬ 


cated. And if the person for whom the information it 
intended should be in the direction of the wind, the flag 
would then present a straight line only, and at a little dis¬ 
tance be scarce visible. The Homans were so well aware 
of this inconvenience of flags, that many of their standards 
were solid, and the name manipulus denotes the rudest of 
their modes, which was a truss of hay fixed on a pole. 

But it does not seem that the moderns had thought of 
such a thing as a telegraph till the year 1663, when the 
marquis ol Worcester,- in his Century of Inventions, af¬ 
firmed that he had discovered 44 a method by which, at 
a window, as fur as eye can discover black from white, a 
man may hold discourse with his correspondent, without 
noise made or notice taken ; being according to occasion 
given, or means afforded, cx rc nuia , and no need of pro¬ 
vision beforehand ; though much better if foreseen; and 
course taken by mutual consent of parties/' This could 
be done only by means of n telegraph, which, in the next 
sentence, is declared to have been rendered so perfect, 
that by means of it the correspondence could be carried 
on 44 by night as well as by day, though as dark as pitch 
is black." 

Dr. Hooke, whose genius as a mechanical Inventor 
was perhaps never surpassed, delivered a 44 Discourse to the 
lloyal Society, May 21 st, 1684, showing a way how to 
communicate one’s mind at gre^t distances." In this dis¬ 
course he asserts the possibility of conveying intelligence 
from one place to another, at the distance of 30, 40,°100, 
120 , &c, miles, 4 in as short a time as a man cati write 
what he would have sent." lie takes to his aid the then 
recent invention of the telescope, and explains the me¬ 
thod by which characters exposed at one station, may be 
rendered visible at the others. He directs, 44 first, for the 
stations ; if they be far distant, it will be necessary that 
they should be high, and lie exposed to the sky, that 
there be no higher hill or part of the earth beyond them, 
that may hinder the distinctness of the characters, that arc 
to appear dark, the sky beyond them appearing white : 
by which means also the thick and vaporous air near the 
ground will be passed over and avoided." 44 Next, the 
height of thci stations is advantageous, upon the account 
of the refractions or inflections of the air." 44 Next, in 
choosing of these stations, care must be taken, os near as 
may be, that there be no hill that interposes between them, 
that is almost high enough to touch the visual ray ; be¬ 
cause in such cases, the refraction of the air of that hill 
will be very apt to disturb the clear appearance of the 
object." 14 The next thing to be considered is, what te¬ 
lescopes will be necessary for such stations." u One of 
these telescopes must be fixed at euch extreme station, 
and two of them in each intermediate; so that a man Tor 
each glass sitting and looking through them, may plainly 
discover what is done in the next, adjoining station, and 
with his pen write down on paper the characters-there ex¬ 
posed in their due order ; so that there ought to beUwo 
persons at each extreme station, and three at each inter¬ 
mediate; so that, at the same time, intelligence may be 
conveyed lorwacds and backwards. Next,‘there roust be 
certain tiroes agreed on, when the correspondents arc to 
expect; or else there roust be set at the top of the pole, 
in the morning, the hour appointed by cither of the cor¬ 
respondents, for acting that day; if tlie hour be ap¬ 
pointed, pendulum clocks may adjust the moment of ex¬ 
pectation antferobserving," “Next, there must be a 
convenient apparatus of characters, whereby to cororou- 
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nicate any thing with great ease, distinctness, and secrecy. 
Ami there must be either day characters, or night cha¬ 
racters.” The day characters tc inay all be made of three 
sht deals:" the night characters “may be made with 
links, or other lights, disposed in a certain order." The 
Doctor invented 24 simple characters, each formed of 
right lines, for the letters of the alphabet ; and several 
single characters, made up of semicircles, for whole sen¬ 
tences. He recommended that three very long ma<ts or 
poles should be placed vertically, and joined at top by 
one strong horizontal beam ; that a large screen should 
be placed at one of the upper corners of tins frame, be¬ 
hind uhidi all the deal-board characters should bang, 
and by the help of proper chords should quickly be drawn 
forwards to be exposed, and then drawn back again be¬ 
hind the screen. <k By these means," says the Doctor, “ all 
things may he made so convenient, that the same cha¬ 
racter may be seen at Paris within a minute after it has 
been exposed at London, and the like in proportion for 
greater distances; and that the characters may be ex¬ 
posed so quick alter one another, that a composer shall 
not much exceed the exposer in swiftness.” Among the 
cases of this connivance, the inventor mentions these : 
“ The first is for cities or towns besieged ; and the second 
for ships upon the sea; in both which cases it may be 
practised with great certainty, security, and expedition/' 

The whole of Dr. Hooke's paper was published in Der- 
ham’s collection of his Experiments and Observations; 
from which it appears that he had brought the telegraph 
to a state of far greater maturity and perfection than M. 
Amonton’s, who attempted the same thing about the year 
1702; and indeed to a state but little inferior to several 
which have been proposed during the last 20 years. 

it was not however till the French revolution that the 
telegraph was applied to useful purposes. Whether M. 
C'happe, who is said to have invented the telegraph, first 
used by the French'about the end of 17.93, knew any 
thing of llookc’9 or Amonton’s invention or not, it is im¬ 
possible to say; but his telegraph was constructed on 
principles nearly similar, the description of which here 
follows: 

'Flic following account of this curious instrument is co¬ 
pied from Barrere's report in the sitting of the French 
Convention of August 15, 1794*.—“ The new-invented 
telegraphic language of signals is an artful contrivance to 
transmit thoughts, in a peculiar way, from one distance to 
another, by means of machines, which arc placed at dif¬ 
ferent distances, of from 12 to 15 miles from one another, 
so that the expression reaches a very distant place in the 
space of a few minutes. Last year an experiment of this 
invention was tried in the presence of several Commis¬ 
sioners of the Convention. From the favourable report 
which the latter made of the efficacy of the contrivance, 
the Committee of Public Welfare tried every effort to es¬ 
tablish, by this means, a correspondence between Paris 
and the frontier places, beginning with Lisle. Almost a 
whole twelvemonth has been spent in collecting tho nc- 
. cessary instruments for, the machines, and to teach the 
people employed how to use them. At present, the celc- 
graphic language of signals is prepared in such a manner, 
that a correspondence may be conducted with Lisle upon 
every subject, and that every thing, nay even proper 
names, may be expressed; an answer may be •received, 
and the correspondence thus be renewed several times a 
day. The machines are the invention of Citizen Chappe, 


and were constructed under his own eye; he also directs 
their establishment at Paris. I hey have the advantage 
of resisting the changes in the atmosphere, and the incle¬ 
mencies of the seasons. The only thing which can in¬ 
terrupt their effect is, if the weather is so very bad and 
turbid (bat the objects and signals cannot be distinguished. 
By this invention, remoteness and distance almost disap¬ 
pear ; and all the communications of correspondence are 
effected with the rapidity of the t\\ inkling ol an eye. I he 
operations of government can be very much facilitated 
by this contrivance, and the unity of the republic can be 
the more consolidated by the speedy communication with 
all its parts. The greatest advantage which can he de¬ 
rived from this correspondence is, that, if one chooses, its 
object *hall only be known to certain individuals, or to 
one individual alone, or to the extremities ol any distance; 
so that the Committee of Public Welfare may now cor¬ 
respond with the representative of the people at Li>Ic 
without any other persons getting acquainted with the ob¬ 
ject of the correspondence, lleiicc it follows that, were 
Lisle even besieged, we should know every thing at Paris 
that might happen in that place, and could send thither 
the decrees of the Convention without the enemy's being 
able to discover or to prevent it."—The figure of the 
French machine, as given in some English prints, is re¬ 
presented in fig. 3, pi. 34. 

Such i*i the account given of the French invention. 
Various improved contrivances have been since made in 
England, and a pamphlet has lately been published, giving 
an account of some of them, l>y the Rev. J. Gamble, under 
the title of Obseivations and Telegraphic Experiments. 

As to the Flinch machine, it is evident that to every 
angular change of the greater beam or of the lesser end 
arms, a different letter or figure may be annexed. But 
where the whole difference consists in the variation of the 
angle of the greater or lesser pieces, much error may be 
expected, from the inaccuracy either of i^e operator or 
the observer: besides other inconvenienced arising from 
the great magnitude of the machinery. 

Another idea is perfectly numerical ; which is to raise 
and depress a flag or curtain a certain number of times 
for each letter, according to a previously conceited system : 
as, suppose one elevation to mean two to mean n, and 
so on through the alphabet. But in this case, the least 
inaccuracy in giving or noting the number changes the 
letter; and besides, the last letters of the alphabet would 
be a tedious operation. 

Another method that has been proposed, is an ingenious 
combination of the inagnctical experiment of Comus, and 
the telescopic micrometer. But as this is only an imper¬ 
fect idea of Mr. Garnet’s very ingenious machine, described 
in the latter part of this article, no further notice need be 
token of it here. 

Mr. Gamble proposes one on a new idea of his own. 
The principle of it is simply that of a Venetian blind, or 
rather what arc called the lever boards of a brewhousc, 
which, when horizontal, present so small a surface to the 
distant observer, as to be lost to his view, but are capable 
of being in an instant converted into u screen of a magni¬ 
tude adapted to the required distance of .vision.—Let a b 
and CD (fig. 4, pi. 34), two upright posts fixed in the 
ground, and joined by the braced bd and ef, bfe consi¬ 
dered as the frame work for 9 lever boards working upon 
centres in eb and df, and opening in three divisions by 
iron rods connected with each three of the lever boards. 
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Lot abed and cfgh be two lesser frames fixed to the groat 
one, having also throe lever boards in each, and moving 
by iron rods, in the same manner as the others. If all 
these rods be brought so near the ground as to be in the 
management of ihe operator, he will then have five, of 
what may be called, keys to play on. Now as each of 
the handles iktmn commands three lever boards, by raising 
any one of them, and fixing it in its place b) a catch or 
hook, it will give a ditlercnt appearance to the machine; 
and by the pioper variation of these five movements, there 
will be more than 25 of what may be called mutations, in 
each of which the machine exhibits a different appear¬ 
ance, and to which any letter or figure may be annexed at 
pleasure. 

Should it be required to give intelligence in more than 
one direction, the whole machine may be easily made to 
turn to ditlercnt points on a strong centre, after the 
manner of a single-post windmill.—To use this machine 
by night, another frame must be connected with the back 
part of the telegraph, for raising five lamps, of different 
colours, behind the openings of the lever boards ; these 
lamps by night answer for the openings by day. M. 
Gamble gives also particular directions for placing and 
using the machine, and for writing down the several 
figures or movements. 

Mr. John Garnet's most simple and ingenious contri¬ 
vance, is as follows. This is merely a bar or plank turning 
upon a centre, like tlie sail of a windmill, and being moved 
into any position, the distant observer turns the tube of a 
telescope into the same position, by bringing a fixed wire 
within it to coincide with or parallel to the bar, which is 
ft thing extremely easy to do. The centre of motion of 
the bar has a small circle about it, with letters and figures 
around the circumference, and an index moving round 
with the bar, pointing to any letter or mark that the ope¬ 
rator wishes to set the bar to, or to communicate to the 
observer. The eye end of the telescope without lias a 
like index and circle, with the corresponding let lei 5 or 
other marks. The consequence is obvious: the telescope 
being turned about till its wire cover or become parallel 
to the bar, the index of the former necessarily points out 
the same letter or mark in its circle, as that of the latter, 
ami the communication of sentiment is immediate and 
perfect. The use of this machine is so easy, that I have 
seen it put into the hands of two common labouring men, 
who had never seen it before, and they have immediately 
held a quick and distant conversation together. 

The more particular description and figure of this ma¬ 
chine, is as follows, abde (fig. 5, pi. 34), is the tele¬ 
graph, on whose centre of gravity c, about which it re¬ 
volves, is a fixed pin, which goes through a hole or socket 
in the firm upright post o, and on the opposite side of 
which.is fixed an index ci. Concentric to c, on the same 
post, is fixed a wooden or brass circle, of 6 or 8 inches 
diameter, divided into 48 equal parts, 24 of which repre¬ 
sent the letters of the alphabet, and between the letters, 
arc numbers. So that the index, by means of the arm 
ab, may be moved to any letter or number. The length 
of the arm should be 2} or 3 feet for every mile of distance. 
Two revolving lamps of different colours suspended occa¬ 
sionally at a and b, the ends of the arm, would serve 
equally at night. , 

Let st (fig. 6, pi. 34) represent the transverse section of 
the outward tube of a telescope to its axis, and xx the 
like section of the sliding or adjusting tube, on which is 


fixed an index if. On the part of the outward tube next 
to the observer, there is fixed a circle of letters and num¬ 
bers, similarly divided and situated to the circle in figure 
5 ; then the index 11 , by means of the sliding or adjusting 
tube, may be turned to any letter or number.—Now there 
being a hair, or fine silver wire/g, fixed in the focus of 
the eye-glass, in the same direction as the index 11 ; so 
that when the arm ab (fig. 5) of the telegraph is viewed 
at a distance through the telescope, the hair may be 
turned, by means of the sliding tube, to the same direc¬ 
tion of the arm ab; then the index 11 (fig. ft) will point 
to the same letter or number on its own circle, as the 
index 1 (fig. 5) points to on the telegraphic circle.—If, 
instead of using the letters and numbers to form words at 
length, they be employed as signals, three motions of the 
arm will give above a hundred thousand different signals. 

Two ingenious telegraphs have also been invented by 
Captain Pasley, of the Royal Engineers; descriptions of' 
which arc given in the Philosophical Magazine, Nos. 115 
and ll6. 

It seems there arc now in use in England, four grand 
lines of telegraphs, communicating with London: viz, to / 
Portsmouth, to Plymouth, to Deal, and to Yarmouth. 

“ There arc 12 stations between London and Portsmouth, 
and 31 between London and Plymouth, of which 8 are 
part of the Portsmouth line, till they separate in the New ^ 
Forest. The other chains extend from London to Yar¬ 
mouth, formed by 19 stations, and from London to Deni, 
formed by 10 stations, making in the whole separate 
telegraphs. Their distances average about 8 miles, yet 
some of them 12 or 14 miles; the distances being often * 
increased by the want of commanding heights :'-in the 
Yarmouth line particularly they make u considerable de¬ 
tour northward. • - 

After about 20years 1 experience, they calculate onabout 
200 days in a year, on which signals can be transmitted 
throughout the day ; about 00 others on which they pass 
only part of the day, or at particular stations; and ubout 
100 days on which few of the stations can see the others. 
The powers of the stations ill this respect arc exceedingly 
various. Dead flats arc found to be universally unfa¬ 
vourable. On the contrary, stations between hill and 
hill, looking across a valley, or series of valleys, arc 
mostly clear; and water,surfaces arc found to produce 
fewer obscure days than land in any situation. The still¬ 
ness of the morning and evening arc found to be the most 
favourable times for observations. The least favourable 
period of the day is an hour or two before and after noon, 
particularly on dead levels, where the play of the sui& 
rays on the rising exhalations renders distant vision very 
obscure. 

The transmission of a message from London to Ports¬ 
mouth usually occupies about 15 minutes; but, by an 
experiment tried for the purpose, a single signal has been 
transmitted to Plymouth and back again in 3 minutes, 
which by the telegraph route was at least 500 miles. In 
this instance however notice hnd been given to make 
ready, and every captain was at his post to receive and 
return the signal.. The speed was at the rate of 170 miles 
in a minute, or 3 miles per second, or 3 seconds at each 
station; a facility truly wonderful! The number 'of sig¬ 
nals produced by the English telegraph is 63—by which 
they repfbsent the ten digits, and the letters of the alpha* 
bet, with many gencrifc words, and all the numbers ex¬ 
pressed by the combination of the digits 63 ways. The 
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signals are sufficiently various to express any 3 or 4 words 
in' 9 twice as many changes of the shutters. 

The telescopes used are Dollond’s achromatics ; though 
a simple Galilean might serve equally well, or better. 
The field of this telescope is quite large enough ; and, 
having but two lenses, one ol which is a thin concave, it 
gives the object with more brightness. It may seem 
strange too, that, to ease the operator, it was never con¬ 
trived to exhibit the fixed spectrum on the principle ol a 
portable camera, so that, without wearying the eye, the 
motion of the distant telegraph might have been exhibited 
on a plain surface, and seen with both eyes like as on 
the leaf of a book.” Mo. Mag- vol. 39* P a - 202. 

TELESCOPE, an optical instrument which serves for 
discovering and viewing distant objects, either directly bj 
glasses, or by reflection, by means of specula, or mirrors. 
Accordingly, 

Telescopes are either retracting or reflecting; the former 
consisting of different lenses, through which the objects 
are seen by rays refracted through them to the eye ; and 
the latter of specull, from which the raj's are reflected 
and passed to the eye. The lens or glass turned towards 
the object, is called the object-glass; and that next the 
eye, the eye-glass ; and when the telescope consists of 
more than two lenses, all but that next the object are 
called eye-glasses. The latter consisting of different me¬ 
tallic speculuins, finely polished and figured, so us to 
magnify the objects by reflection. 

The invention of the telescope is one of the noblest and 
most useful these ages have to boast of: by means of it, 
the wonders of the heavens ure discovered to us, and 
"* astronomy is brought to a degree of perfection which 
former ages could have no idea of. 1 he discovery indeed 
was owing rather to chance than design; so that it is the 
good fortune of the discoverer, rather than his skill or 
ability, we arc indebted to: on this account it concerns 
us the less to know, who it was that first hit upon this 
admirable invention. Be that as it may, it is certain it 
must have been casual, since the theory it depends upon 
was not then known. 

John Baptista Porta, a Neapolitan, according to N\ol- 
fius, first made a telescope, which he infers from this pas¬ 
sage in the Magia Nuturalis of that author, printed in 
1550: “ If you do but know how to join the two (viz, the 
concave and convex glasses) rightly together, you will 
see both remote and near objects, much larger than they 
otherwise appear, and withal very distinct. In this we 
have been of good help to many of our friends, who 
either saw remote things dimly, or near ones confusedly; 
and have made them sec every thing perfectly.” But 
it is certain, that Porta did not understand his own inven¬ 
tion, and therefore neither troubled himself to bringfit to 
greater perfection, nor ever applied it to celestial obser¬ 
vation. Besides, the account given by Porta of his con¬ 
cave and convex lenses, is so dark and indistinct, that 
Kapler, who examined it by desire of the cinpcror Ru¬ 
dolph, declared to that prince, that it was perfectly un¬ 
intelligible. * . . ~ 

Thirty years afterwards, or in 1590, a telescope 10 

inches long was made, and presented to prince Maurice 
of Nassau, by a spectacle maker of Middleburg: but 
authors are divided about his name. Sirturus, in a trea- 
li.e on the telescope, printed in 1618, will have it to be 
John Lippcrsheim: and Peter Borclli, m a volume ex- 
prcbsly on the inventor of the telescope, published in 1055, 


states that it was Zacharias Jansen, or, as Wolf*as writes 
U, Mansell. Now tlx* invention ol Lippcrsheim is fixed 
by some in the year l60p, and by others in 1605: Fon¬ 
tana, in his Novx Obscrvationcs CaHcstium et lerrestrium 
Rerum, printed at Naples in 1046, claims the invention 
in the year 1G0S. But Borelhs account of the discovery 
of telescopes is so circumstantial, and so well authenti¬ 
cated, as to render it very probable that Jansen was the 
original inventor. 

In 1620, James Metius of Alcmaer, brother ot Adrian 
Mctius who was professor of mathematics at I raneker, 
came with Drcbel to Middleburg, and there bought te¬ 
lescopes of Jansen's children, who had made them public; 
and yet this Adr. Metius has given his brother the honour 
of the invention, in which he is mistakenly followed by 
Descartes. 

But none of these artificers made telescopes of above a 
foot and a half: Simon Marius in Germany, and Galileo 
in Italy, it is said, first made long ones fit lor celestial ob¬ 
servations; though, from the recently discovered astrono¬ 
mical papers of the celebrated Harriot, author of the Al¬ 
gebra, it appears that he must have employed telescopes 
fn viewing the solar maculae, which he did quite as curly 
as they were observed by Galileo. \N bother Harriot made 
his own telescopes, or whether he had them from Holland, 
docs not appear; it seems however that Galileos were 
made by himself; for Le Rossi relates, that Galileo, being 
then at Venice, was told of a kind of optic glass made in 
Holland, which brought objects nearer : upon w hich, set¬ 
ting himself to think how it should be, he ground two pieces 
of glass into form as well as he could, and fitted them to 
the two ends of an organ-pipe ; and with these he showed 
at once all the wonders of the invention to the \ enetians, 
on the top of the. tower of St. Mark. 1 he same author 
adds, that from this time Galileo devoted himself«wholly 
to the improving and perfecting the telescope; and that 
he hence almost deserved all the honour usually done him, 
of being reputed the inventor of the instrument, and of 
its being from him called Galileo’s tube. Galileo himself, 
in his Nuncius Sidereus, published in 1610, acknow¬ 
ledges that he first heard of the instrument from a German; 
and that, being merely informed of its effects, first by 
common report* and a few days after by letter from a 
French gentleman, James Badovere, at Paris, he himself 
discovered the construction by considering the nature of 
refraction. He adds, in his Sagiatore, that he was at 
Venice when he heard of the effects of prince Maurice’s 
instrument, but nothing of its construction; that the first 
night after his return to Padua, he solved the problem, 
and made his instrument the next day, and soon ufter 
presented it to the Doge of Venice, who, in honour ol his 
grand invention, gave him the ducal letters, which settled 
him for life in his lectureship, at Padtm, and doubled his 
salary, which then became treble of what any ol his pre¬ 
decessors had enjoyed before. And thus Galileo may be 
considered as ail inventor of the telescope, though not the 

first inventor. . . , , _ . 

F. Mnbillnn indeed relates, in his travels through Italy, 
that in a monastery of his own order, he saw a manuscript 
copy of the works of Commestor, written by one Conra- 
dus, who lived in the 13th century ; in the 3d page of 
which was seen a portruit of Ptolemy, viewing the stars 
through a tube of K joints or draws: but MabiUon does 
not say that the tube had glasses in it. Indeed it is more 
than probable, that such tuVes were then used for no other 
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purpose l)iit to dcIViul and direct the sight, or to render 
it more distinct, by singling out tho particular object 
looked at, and shutting out all the loreicn rays reflected 
Iroin others, whose proximity might have rendered the 
image less precise. And this conjecture is verified by ex¬ 
perience ; tor we have often observed that without a tube-, 
•>y only looking through the hand, or even the tingcis, or 
a pin-hole in a paper, the objects appear more clear and 
distinct than otherwise, lie this a> it may, it is certain 
that the optical principles, on which telescopes are founded, 
are contained in Euclid, ami were well known to the an¬ 
cient geometricians ; and it has been for want of attention 
to them, that the world was so long without that admira¬ 
ble invention ; as doubtless there are many others lying 
bid in the same principles, cttdy waiting lor reflection or 
accident to bring them birth. 

1 ° l b« foregoing abstract of the history of the invention 
of the telescope, it may be proper to add some particulars 
relating to the claims of our own celebrated countryman, 
friar Bacon, who died in 1 294. Mr. W. Molyncux, in 
his Dioptrica Nova, pa. 256, declares his opinion, that 
Bacon did perfectly well understand all kirtds of optic 
glasses, and knew likewise the method of combining them, 
so as to compose some such instrument as our telescope: 
and his son, Samuel Molyncux, asserts more positively, 
that the invention of telescopic, in its first original, was 
certainly put in practice by an Englishman, friar Bacon; 
though its first application to astronomical purposes may 
probably be ascribed to Galileo. The passages to which 
Mr. Molyncux refers, in support of Bacon's claims, occur 
in his Opus Majus, pa. 348 and 357 of Jebbs edit. 1773. 
The first is as follows: Si vero non sint corpora plana, per 
qua? visus videt, sod sphuma, tunc est magtia diversifas,; 
nam vcl concavitas corporis cst versus oculum vcl con- 
vexitas whence it is inferred, that he knew what a con¬ 
cave and a convex glass was. The second is comprised 
in a whole chapter, where lie says, l)c visione fracta ma- 
jora sunt; nam dc facili patet per canones supra dictos, 
quod maxima possunt apparerc minima, et c contra, ct 
longe distantia videbunlur propinquissime, et c converse. 
Nam possumus sic figurare perspicua, ct tali ter ea ordi- 
nare respectu nostri visus ct rerum, quod frangentur radii, 
et flcctcntur quorsumeunque volueriinus, ut sub quocurt- 
que angulo yoluerimus, videbimus rem prope vel longe, 
ivc. Sic etiam fuccreimts solcm ct* 1 11 nam ct Stellas do- 
sccndcrc secundum apparentiam hie inferius, &c: that is, 
Greater things than these may be performed by refracted 
mhom; for it is easy to understand by the canons above 
mentioned, that the greatest objects may appear exceed¬ 
ing small, and the contrary; also that the most remote 
objects may appear just at hand, and the converse; for 
we can give such figures to transparent bodies, ni^d dispose 
them in such order with respect to the eye anil the objects, 
that the rays shall be refracted and bent towards any place 
we please; so .that wc shall sec the object near at hanjl or 
at a distance, under any angle we please, &c. So that 


dies may be so formed, that the most remote objects may 
appear just at hand, and the contrary ; so that we may’ 
read the smallest letters at an incredible distance, and may 
number things though never so small, and may make the 
stars also appear as near as we please. 

Moreover, Doctor Jebb, in the dedication of his edition 
of the Opus Majys, produces a passage from a manuscript, 
to show that Bacon actually applied telescopes to astro¬ 
nomical purposes: Sc<1 longe magis quam hrec, says he, 
oportcTet homines haberi, qui lune, immo optinie, scircnt 
perspectixam et instrumenta ejus—quia insti urnentu ustro- 
nomia non vadunt nisi per visionem secundum leges istius 
scicntia?. 

From those passages, ft is not unreasonable to conclude, 
that Bacon had actually combined glasses so as to have 
produced the effects which he mentions, though he did 
not complete the construction of telescopes. Dr. Smith, 
however, to whose judgment particular deference is due, 
is of opinion that llie celebrated friar wrote hypothetically, 
without having made any actual trial of the things lie 
mentions : to which purpose lie observes, that this author ' 
does not assert one single trial or observation upon the 
sun or moon, or any thing else, though he mentions them 
both : on the other hand, he imagines some effects.of te¬ 
lescopes that cannot possibly be performed by them. He 
adds, that persons unexperienced in looking through te¬ 
lescopes expect, in viewing any object, as for instance the 
face of a mail, at the distance of one hundred yards, 
through a telescope that magnifies one hundred times, 
that it will appear much larger than when they arc close 
to it: this he is satisfied was Bacon’s notion of the matter; 
and hence he concludes that he had never looked through 
a telescope. 

It is remarkable that therein a passage in Thomas Diggers 
Stratioticos, pa. 359, where he affirms that his futhcr, 
Leonard Diggcs, among other curious practices, had a 
method of discovering, by perspective glasses set at due 
angles, all objects pretty far distant that the sun shone 
upon, which lay in tlicr country round about; and that 
this was by the help of a manuscript book of Roger Bacon 
of Oxford, who he conceived was the only man besides 
his father (since Archimedes) who knew it. This is the 
more remarkable, because the Stratioticos w as first printed 
in 1579, more than 30 years before Metius or Galilcou 
made their discovery of those glasses; and therefore it has 
hence been thought that Roger Bacon was the first inventor 
of telescopes, and Leonard Digges the next reviver of them. 
But from what Thomas Diggcs says of this matter, it would 
seem that the instrument of Bacon, and of.his father, was 
something of the nature of a camera obscuro, or, if it were 
a telescope, that it was of the reflecting kind ; though the 
term perspective glass seems to favour u contrary opinion. 

There is also another passage to the same effect in the 
preface to the Puntomctria of Leonard Digger, but pub¬ 
lished by his son Thomas Diggcs, some time licfore the 
Stratioticos, and a second time in the year 1591- The 


I us the sun, moon, and stars may be made to descend passage runs thus: “ My father by his continuall painfull 
I' ,',/‘ n appearance, &c. Mr. Molyncux has also cited practises, assisted with demonstrations mathematical, was 
P“ sa £C out of Bacon s Epistle ad Pansjfinsfcm, of able, and sundrie times hath by Proportional Glasses ducly 
pin ,1,° Ar ?" d Nature, cap. 5, to this purpose, situate in convenient angles, not 6nly discovered things 
nnnnreant m-nni'n 8 urarl P cr spicua, ut longissimc posita farre oft, read letters, numbered pccces of money with the 

dlbihTdtsla n t ia*! lemtalr i t C0nlnur ! 0 \! ta . ^ uod cx ,ncre - * cr y c t 0 ? nc superscription thereof, cast by some of his 

* m,,,Ut, n S, T S> Ct numC " frccnds of P^pose upon downesjn ^pen fields, but also 

ntrcre (iuo vcllemus Th*?®" C ‘ stel,as > faccreraus jp- seven myles off declared what hath beene doone at that 
partre quo vcllemus. that is, Glasses, or diaphanous bo- instant in private places: He hath also sundrie times by 
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the sunuc boAmes fixed (should be fired) powder, and dis¬ 
charge ordinance lialtc a mile and more distantc, Arc. 

But to whomsoever we asciibe the honour ol tir>t in¬ 
venting the telescope, the rationale of this admirable in¬ 
strument, depending on the refraction of light in passing 
through mediums of different forms, was fir>t explained by 
the celebrated Kepler, who also pointed *out methods ol 
constructing others, of superior powers, and more com¬ 
modious application, than that first used : though some¬ 
thing of the same kind, it is said, was also done by Mau- 
rolycus, whose treatise Dc Lumine ct Umbra was pub¬ 
lished in 1573. 

The Principal Effects of Telescopes, depend upon this 
plain maxim, viz, that objects appear larger in proportion 
to the angles which they subtend at the e)e; and the effect 
is the same, whether the pencils of rays, by which objects 
are made visible to us, come directly from the objects 
themselves, or from any place nearer to the eye, where 
they may have been united, so as to form an image ol the 
object; because they issue again from those points in cer¬ 
tain directions, in the same manner as they did from the 
corresponding points in the objects themselves. In fact 
therefore, all that is effected by a telescope, is first to make 
such an image of a distant object, by means of a lens or 
mirror, and then to give the eye some assistance for view¬ 
ing that image as near as possible; so that the angle, which 
it shall subtend at the eye, may be very large, compared 
with the angle which the object itself would subtend in the 
same situation. This is done by means of an eye-glass, 
which so refracts the pencils of rays, as that they may 
afterwards be brought to their several foci, by the natural 
humours of the eye. But if the eye had been so formed 
as to be able to see the image, with sufficient distinctness, 
at the same distance, without an eye-glass, it would ap¬ 
pear to him as much magnified, as it does to another per¬ 
son who makes use of a glass for that purpose, though he 
would not in all cases have so large a field of view. 

Though no imago be actually formed by the foci of the 
pencil without the eye, yet if, by the help of an eye-glass, 
the pencils of rays shall enter the pupil, jlist as they 
would have done from any place without the eye, the 
visual angle will be the k aim? as if an image had been ac¬ 
tually formed in that place. Priestley's History of Light 
&c, pa. f>9, &c. 

As to the Grinding of Telescopic Glasses , the first per¬ 
sons who distinguished themselves in that way, were two 
Italians, Eustachio Divini at Rome, and Campani at Bo¬ 
logna, whose fame was much superior to that of Divini, 
or that of any other person of his time ; though Divini 
himself pretended, that in all the trials that were made 
with their glasses, his of a great focal distance performed 
better than those of Campani, and that his rival was not 
willing to try them fairly, viz, with equal eye-glasses. It 
is however generally supposed, that Campani really ex¬ 
celled Divini, both in the goodness and focal length of his 
object-glares. 

It was with Campani’* Telescopes that Cassini disco¬ 
vered the nearest satellites of Saturn. They were made 
at the express desire of Lewis XIV, aud were of 86, 100, 
and 136, Paris feet focul length. 

Campania laboratory was purchased, after his death, 
by pope Benedict XIV, who made a present of it to the 
academy at Bologna called the Institute; and by the ac¬ 
count which Fougeroux has given, wc learn that (except 
a machine which Campani constructed, to work the ba- 
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sons on which he ground his glass**) the goodness ol hi> 
lenses depended on the clearness of his glass, his Vene¬ 
tian tripoli, the paper with which lie polished Ins glasses* 
and his great skill and address a workman. It does 
not appear that he made many l<*n*es of a very gnat 
focal distance. Accordingly Dr. Hooke, who probably 
speaks with the parriality of an Englishman, sa\s that 
some glasses, made by Divini and Campani, of 36 and 
50 feet focal distance, did not excel Telescopes ol 12 or 
15 feet made in England. He adds, that Mr Paul Ncile 
made telescopes of 36 feet, pretty good ; and one of 50, 
but not of proportionable goodness. 

Afterwards, Mr. Reive first, and then Mr. Cox, who 
were the most celebrated in England, as grinders of optic 
glasses, made some good telescopes of 50 and 00 feet focal 
distance; and Mr. Cox made one of 100, but how good 
Dr. Hooke could not assert. Borelli also in Italy made 
object-glasses of a great focal length, one of which he 
presented to the Royal Society. But, with respect to the 
local length of telescopes, these and all others were far 
exceeded by those of Auzout, who made one object-glass 
of Goo feet focus; but he was never able to manage it, so 
as to make it useful. And Hartsocker, it is said, made 
some of a still greater focal length. Philos. Trans. Abr. 
vol. i, pa. 666. Hooke's Exper. by Durham, pa. 26l. 
Priestley, pa. 211. See Grinding. 

Telescopes arc of several kinds, distinguished by the 
number and form of their lenses, or glasses, and denomi¬ 
nated from their particular uses &c : such are the Terres¬ 
trial or laiulTclescope, the Celestial or astronomical Tele¬ 
scope; Id which may he added, the Galilean or Dutch 
Telescope, the Reflecting Telescope, the Refracting Tele¬ 
scope, the Aerial Telescope, Achromatic Telescope, &c. 

Galileo's, or the Dutch telescope, is one consisting of a 
convex object-glass, and a concave eye-glass. 

This is the most ancient form of any, being the only 
kind made by the inventors, Galileo, Acc, or known, be¬ 
fore Huygens. The first telescope, constructed by Gali¬ 
leo, foagnified only 3 times; but he soon made another, 
which magnified 18 times: and afterwards, with great 
trouble and expence, he constructed one that magnified 
33 times; with which he discovered the satellites of Jupi¬ 
ter, and the spots of the sun. The construction, proper¬ 
ties, &c, of it, are as follow : 

Construction of Galileo's , or the Dutch Telescope.— la 
a tube prepared for the purpose, at one end is fitted a 
convex object lens, either a plain convex, or convex on 
both sides, but a segment of a very large sphere : at the 
other end is fitted an eye-glass, concave on both sides, 
and the segment of a less sphere, so disposed as to be at 
the distance of the virtual focus before the image of the 
convex lens. 

Let ab (fig. 10, pi. 28) be a distant object, from 
every point of which pencils of rays issue, and falling on 
the convex glass de, tend to their foci at fso. But a 
concave lens hi (the focus of which is at fg) being in¬ 
terposed, the converging rays of each pencil are made 
parallel when they reach the pupil; so that by the re¬ 
fractive humours of the eye, they can easily be brought 
to u focus on the retina at puq. Also the pencils them¬ 
selves diverging, as if they came from x, mno is the an¬ 
gle under which the image will appear, which is much 
larger than the angle under which the object itself would 
have appeared. Such then is the telescope that was at 
first discovered and used by philosophers : the great in- 
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convenience of which is, that the field of view, which «ie- 
pond*, not on 1 ho breadth ot the e)C-g)a»>s. a* in the as¬ 
tronomical telescope, but on the breadth ot the pupil of 
the eve, is exceedingly small : for since the pencils of the 
rays enter the eye very much diverging from one another, 
but few of them can be intercepted by the pupil; and 
this inconvenience increases with the magnifying power 
of the telescope, so that philosophers may now well won¬ 
der at the patience and address with which Galileo and 
others, with such an instrument, made the discoveries 
they did. And yet no other telescope was thought of for 
many years after the discovery. Descartes, who wrote 
30 s t ars after, mentions no other as actually constructed, 
though Kepler had suggested some. Hence, 

1. In an instrument thus framed, all people, except 
myopes, or short-sighted persons, must sec objects di¬ 
stinctly in an erect situation, and increased in the ratio 
of the distance of the virtual focus of the eye-glass, to 
the distance of the focus of the object-glass. 

2. But tor myopes to see objects distinctly through 
such an instrument, the eye-glass must be set nearer the 
object-glass, so that the rays of each pencil may not 
emerge parallel, but may fall diverging upon the eye; in 
which case the apparent magnitude will be altered a little, 
though scarce sensibly. 

3. Since the focus of a plano-convex object lens, and 
the virtual focus of a plano-concave eye-lens, arc at the 
distance of the diameter ; and the focus of an object- 
glass convex on both sides, and the virtual focus of an 
eye-glass concave on both sides, are at the distance of a 
semi-diameter; if the object-glass be plano-convex, and 
the eye-glass plano-concave, the telescope will increase 
the diameter of the object, in the ratio of the diameter of 
the concavity to that of the convexity : if the object- 
glass be convex on both sides, and the eye-glass concave 
on both sides, it will magnify in the ratio of the semi- 
diameter of the concavity to that of the convexity : if the 
object-glass he plano-convex, and the eye-glass concave 
on both sides, the semidiameter of the object will be in¬ 
creased in the ratio of the diameter of the convexity to 
the semidiameter of the concavity: and lastly, if the ob¬ 
ject-glass be convex on both sides, and the eye-glass plano¬ 
concave, the increase will be in the ratio of the diameter 
of the concavity to the semidiametor of the convexity. 

4. Since the ratio of the semidiameters is the same as 
that of the diameters, telescopes magnify the object in 
the same manner, whether the object-glass be plano-con¬ 
vex, and the eye-glass plano-concave; or whether the 
one be convex on both sides, and the other concave on 
both. 

5. Since the semidiametor of the concavity has a less 
ratio to the diameter of the convexity than its diameter 
has, a telescope magnifies more if the object-glass be 
plano-convex, than if it be convex on both sides. The 
case is the same if the eye-glass be concave on both sides, 
and not plano-concave. 

6. The greater the diameter of the object-glass, and 
the less that of the eye-glass, the less ratio has the diame¬ 
ter of the object, viewed with the naked eye, to its semi- 
diameter when viewed with a telescope, and consequently 
the more is the object magnified by it. 

7. Since a telescope exhibits so much a less part of the 
object, as it increases its diameter more, for this reason, 
mathematicians were determined to look out for another 
telescope, after having clearly found the imperfection of 


the first, which was discovered by chance. Nor were 
their endeavours vain, as appears from the astronomical 
telescope described below. 

If the somiditimctcr of the eye-glass have too small a 
ratio to that of the object-glass, an object through the 
telescope will not appear sufficiently clear, because the 
great divergency of the rays will occasion the several pen¬ 
cils representing the several points of the object on the 
retina, to consist of too few rays. 

It is also found that equal object-lenses will not bear 
the same cye-lenscs, if they be differently transparent, 
or if there be a difference in their polish ; a less trans¬ 
parent object-glass, or one less accurately ground, re¬ 
quiring a more spherical eye-glass than another more* 
transparent, &c. 

Hcvclius recommends an object-glass convex on both 
sides, whose diameter is 4 feet; and an eye-glass concave 
on both sides, whose diameter is 4f tenths of a foot. 
An object-glass, equally convex on both sides, whose dia¬ 
meter is 5 feet, he observes, will require an eye-glass of 

tenths; and adds, that the same eye-glass will also 
serve an object-glass of 8 or 10 feet. 

Hence, as the distance between the object-glass and 
eye-glass is the difference between the distance of the vir¬ 
tual focus of the eye-glass, and the distance of the focus 
of the object-glass; the length of the telescope is had by 
subtracting that from this. That is, the length of the 
telescope is the difference between the diameters of the 
object-glass and eye-glass, if the former be plano-convex, 
and the latter plano-concave; or the difference between 
the semidiameters of the object-glass and eye-glass, if the 
former be convex on both sides, and the latter concave on 
both ; or the difference be tween the semidiametor of the 
object-glass and the diameter of the eye-glass, if the former 
be convex on both sides, and the latter plano-concave; 
or lastly the difference between the diameter of the object- 
glass and the semidiameter of the eye-glass, if the former 
be plano-convex, and the latter concave on both sides. 
Thus, for instance, if the diameter of an object-glass, con¬ 
vex on both sides, be 4 feet, and that of an eye-glass, con¬ 
cave on both sides, be4i tenths of a foot; then the length 
of the telescope will be 1 foot and 7 i tenths. 

Astronomical Telescope ; this is one that consists of 
an object-glass, and an eye-glass, both convex. It is so 
called from being w holly used in astronomical observa- 

It was Kepler who first suggested the idea of this tele¬ 
scope: having explained the rationale, and pointed out 
the advantages of it in his Catoptrics, in l6l 1. But the 
first person who actually made an instrument of this con¬ 
struction, was father Scheiner, who has given a description 
of it in his Rosa Ursina, published in 1630. To this pur¬ 
pose he says, if you insert two similar convex lenses in a 
tube, and place your eye at a convenient distance, yon 
will sec all terrestrial objects, inverted indeed, but mag¬ 
nified and very distinct, with a considerable extent of 
view. He afterwards subjoined an account of a telescope 
of a different construction, with two convex eye-glasses^ 
which again’Yeverscs the images, and mak|p them appear 
in their natural position. Father Rcito however soon after 
proposed a better construction, using three eye-glasses in¬ 
stead of two. gfjPrnL 

Construction qf thtAstronomical Telescope* The tube 
being prepared, an object-glass, either plano-convex, 
or convex on both sides, but a segment of a large sphere, 
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is fitted in at one end ; and an eye-glass, convex on both 
sides, which is the segment of a small sphere, is fitted to 
the other end ; at the common distance of the loci. 

Thus the rays of each pencil issuing from every point 
of the object ABC, (tig. 3, pi. 36) passing through the 
object-glass ur.r, become converging, and meet in their 
foci at i no, where an image of the object will be formed. 
If then another convex lens km, of a shorter focal length, 
be so placed, as that iis’focus shall be in mo, the rays of 
each pencil, after pacing through it, will become nearly 
parallel, so as to meet upon the retina, and form an en¬ 
larged linage of the object at rst. If the process of the 
rays be traced, it will presently be perceived that this 
image must be inverted. For the pencil that issues from 
a, has its focus in g, and aguiu in a, on the Same side 
with a. But as there is always one inversion in simple 
vision, this want of inversion produces just the reverse of 
the natural appearance. The field of view in this tele¬ 
scope will be large, because all the pencils that can be 
received on the surface of the lens km, being converging 
after passing through it, are thrown into the pupil of the 
eye, placed ill the common intersection of the pencils 
at p. 

Theory of the Astronomical Telescope. —An eye 
placed near the focus of the eye-glass, of such a tele¬ 
scope, will see objects distinctly, but inverted, ami magni¬ 
fied in the ratio of the distance of the focus of the eye-gluss 
to the distance of the focus of the object-glass. 

If the sphere of concavity in the eye-glass of the Gali¬ 
lean telescope, be equal to the sphere of convexity in the 
eye-glass of anothef telescope, their magnifying power 
will be the same. The concave glass however being 
placed between the object-glass and its focus, the Galilean 
telescope will be shorter than the other, by twice the 
focal length of the eye-glass. Consequently, if the length 
of the telescopes be the same, the Galilean will have the 
greater magnifying power. Vision is also more distinct 
in these telescopes, owing in part perhaps to there being 
no intermediate image between the eye and the object. 
Besides, the eye-glass being very thin in the centre, the 
rays will be less liable to be distorted by irregularities in 
the substance of the glass. Whatever be the cause, we 
can sometimes see Jupiter's satellites very clearly in a 
Galilean telescope, of 20 inches or 2 feet long, when one 
of 4 or 5 feet, of the common sort, will hardly make 
them* visible. 

As the astronomical telescope exhibits objects inverted, 
it serves commodiously enough for observing the stars, as 
it is not material whether they be seen erect or inverted ; 
but for terrestrial objects it is much less proper, ns the 
inverting often prevents them from being known. But if 
a plane well-polished metal speculum, of an oval figure, 
and ubout an inch long, and inclined to the axis in an 
angle of 45°, be placed behind the eye-glass; then the 
eye, conveniently placed, will see the image, hence re¬ 
flected, in the same magnitude as before, but in an erect 
situation ; and therefore, by the addition of such a specu¬ 
lum, the astronomical telescope is thus rendered fit to 
observe terrestrial objects. 

» Since the focus of the glass, convex on both sides, is 
distant from the glass itself a semidiameter, and that of a 
plano-convex glass, u diameter; if the object-glass be 
convex on both sides, the telescope will magnify the semi¬ 
diameter of the object, in the ratio of the diameter of the 
eye-glass to the diameter of the object-glass; but if the 


object-glass be a plano-convex, in the ratio of the senu- 
cliuinctcr of ilir eye-glass to the diameter of the object- 
glass. And therefore a tclcbCopr inaguifics more if the 
object-glass be a plano-convex, than if convex on both 
sides. And for the same reason, a telescope magnifies 
more when the eye-glass is convex on butfi sides, than 
when it is plano-convex. 

A telescope magnifies the more, as the object-glass is a 
segment of a great sphere, and the eye-glass cl a l«ss one. 
And \et the eye-glass mu^t not be too small in respect of 
the object-glass; for if it be, it will not refract rays 
enough to the eye from each point of the object ; not 
will it separate sufficiently those that come from di fie rent 
points; by which means the vision will he rendered ob¬ 
scure and contused.—Dec hales observes, that an object- 
lens of feet will require an eye-glass oi 1 } tenth of a 
foot ; and an ohject-gla>s of 8 or 10 loot, an eye-glass of 
4 tenth!?; in which he is confirmed l>y Eustachio DivinL 

To shorten the Aurontmical Telescope; that is, to 
construct a telescope so, as toat* though shelter than the 
common one, it shall magnify as much. 

Having provided a drawing tube, fit in it an object-lens 
eo which is a segment of a moderate sphere; let the first 
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eye-glass bd bo concave on both sides, and so placed in 
the tube, as that the focus of the object-glass a may 
be behind it, but nearer to the centre of the concavity 
g: then will the image be thrown in q, so as that ga : 
Gi : : ab : qi. Lastly, fit in another object-glass, con¬ 
vex on both sides, and a segment of u smaller sphere, so 
as that its focus may be in q. 

This telescope will magnify the diameter of the object 
more thun if the object-glass were to represent its imago 
at the same distance eq; and consequently a shorter 
telescope, constructed this way, is equivalent to a longer 
in the common way. See Wolfius Elem. Math. vol. 3, 
pa. 245. 

Sir Isaac Newton furnishes us with another method of 
constructing the telescope, in bis cutoptrical or reflecting 
telescope, the construction of which is given below. Sec 
Achromatic Telescope. 

Aerial Telescope, a kind of astronomical telescope, 
the lenses of which are used without a tube. In strict¬ 
ness however, the aerial telescope is rather a particular 
manner of mounting and managing long telescopes for 
celestial observation in the night-time, by which the trou¬ 
ble of long unwieldy tubes is saved, than a particular 
kind of telescope ; aud the contrivance was one of Huy¬ 
gens's. This invention was successfully practised by the 
inventor himself and others, particularly with us by Mr. 
Pound and Dr. Bradley, with an object-glass of 123 feet 
focal distance, and an apparatus belonging to it, made 
and presented by Huygens to the Royal Society, and de¬ 
scribed in bis Aslroscopia Compendiaria Tubi Optici Mo- 
limine Liberata, printed at the Hague in 1684. 

The principal parts of this telescope may be compre¬ 
hended from a view of fig. 4, pi. 36, where ab is a long 
pole, or a mast, or a high tree, &c, in a groove of which 
slides a piece that carries a small tube lx in which is 
fixed an object-glass; which tube is connected by a fine 
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line, with another small tube oq, which contains the 
eye-glass. See. 

Luhirc contrived a little machine for managing the 
object-glass, which is described Mem. de l’Acad. 1715. 
Sec Smith's Optics, book 3, chap. 10. 

Hartsocker, who made telescopes of a very consider¬ 
able focal length, contrived a method of using them with¬ 
out a tube, by fixing them to the top of a tree, a high 
wall, or the roof of a house. Miscel. Berol. vol. 1, 
pa. 26 l. 

Huygens’s great telescope, with which Saturn's true 
face, and one of his satellites were first discovered, con¬ 
sists of an object-glass of 12 feet, and an eye-glass of a 
little more than 3 inches; though he frequently used a 
telescope of 23 fert long, with two eye-glasses joined to¬ 
gether, each 1 i inch diameter; so that the two were 
equal to one of 3 inches. 

The same author observes, that an object-glass of 30 
feet requires an eye-glass of 3f* c inches; and has given a 
table of proportions for constructing astronomical tele¬ 
scopes, an abridgement of which is as follows : ' 


Distance of 
Focus of 
Object-Glasses. 

Diameter 

of 

Apciturc. 

Distance of 
Focus of 
Eyc-GLus. 

Power or Magni¬ 
tude of 
Diameter. 

r,., 

Inchc 

Inches 


rcet. 

•nd Decira. 

and Decim. 


1 

0-55 

0 6l 

20 

2 

077 

0 85 

28 

3 

0-95 

105 

34 

4 

109 

1-20 

40 

5 

1-23 

1*35 

44 

6 

1-34 

1-47 

49 

7 

1-45 

1-60 

53 

8 

1*55 

171 

56 

9 

1*6*4 

1-80 

60 

10 

1*73 

1-90 

63 

15 

212 

2-33 

77 

20 

2*45 

2 70 

89 

25 

274 

3 01 

100 

30 

300 

3-30 

109 

40 

346 

3-81 

120 

50 

38 7 

4 -26 

141 

60 

4*24 

4-66 

154 

70 

4-58 

504 

166 

80 . 

4-90 

539 

178 

90 

520 

572 

I 89 

100 

54 9 

6 03 

200 

120 

6-00 

6-60 

218 

140 

6-48 

712 

235 

160 

6-93 

7-62 

252 

180 

7*35 

809 

. 2 67 

200 

775 

853 

281 

220 

8-12 

893 

295 

240 

8-48 

9*33 

308 

260 

8-83 

971 

321 

280 

9'l6 

10 08 

• 333 

300 

949 

1044 

345 

400 

10-95 

1205 

400 

£>U0 

1225 

1347 

445 

600 

13-42 

1476 

488 


Dr. Smith (Hero. pa. 78) observes, that the magnifying 
powers of this table are not so great as Huygens himself 
intended, or as the best object-glasses now made will ad¬ 
mit of. For the author, in his AstroscopiaCompendiaria, 
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mentions an object-glass of 34 feet focal distance, which, 
in astronomical observations, bore an eye-glass of *1\ 
inches focal distance, and consequently magnified \63 
times. According to this standard, a telescope of 35 
feet ought to magnify 166 times, and of 1 foot 28 tunes; 
whereas the table allows but 118 times to the former, 
and but 20 to the latter. Now -}*r* or = l**’} by 
which if we multiply the numbers in the given column 
of magnifying powers, we shall gain a new column, show¬ 
ing how much those object-glasses ought to magnify if 
wrought up to the perfection of this standard. 

The new apertures and eye-glasses must also be takefi 
in the same proportions to each other, as the old ones 
have in the table ; or the eye-glasses may be found by 
dividing the length of each telescope by Its magnifying 
power. And thus a new table may be easily made lor 
this or any other more perfect standard when offered. 

The rule for computing this table depends on the fol¬ 
lowing theorem, viz, that in refracting telescopes of dif¬ 
ferent lengths, a given object will appear equally bright 
and equally distinct, when their linear apertures and the 
focal distances of their eye-glasses arc severally in a sub- 
duplicatc ratio of their lengths, or focal distances of 
their object-glasses ; and then also the breadth of their 
apertures will lie in the subduplicate ratio of their lengths. 

The rule is this: Multiply the number of feet in the 
focal distance of any proposed object-glass by 3000, and 
the square-root of the product will give the brCadth of 
its aperture in centesms, or 100th parts of an inch ; that 
is, x/3000? is the breadth of the aperture in centesms of 
an inch, where f is the focal distance of the object-glass 
in feet. Also, the same breadth of the aperture increased 
by the 10th part of itself, gives the focal distance of the 
eye-glass in centesms of an inch. And the magnifying 
powers are as the breadths of the apertures. 

If, in different telescopes, the ratio between the object- 
glass and eye-glass be the same, the object will be magni¬ 
fied the same in both. • Hcncc some may conclude the 
making of large telescopes a needless trouble. But it must 
be remembered, that an eye-glass may be in a less ratio to 
a greater object-glass than to a smaller: thus, for example, 
in Huygens's telescope of 25 feet, the eye-glass is 3 inches; 
now, keeping this proportion in a telescope o£50 feet, the 
eye-glass should be 6 inches; but f the table snows that A\ 
are sufficient. Hence, from the same table it appears, 
that a telescope of 50 feet magnifies in the, ratio or 1 to 
141 ; whereas that of 25 feet only magnifies in the ratio 
of 1 to 100. 

Since the distance of (he lens is equal to the aggregate 
of the distances of the foci of the object and eye-glasses; 
and since the focus of a glass convex on each side is a 
semidiameter's distance from the lens, and that of u plano¬ 
convex at a diameter's distance from the same; the length 
of a telescope is equal to the aggregate of the semidiameter? 
of the lenses, if the object-glass bo convex on both sides ; 

* and to the sum of the semidiametcr of the eye-glass and 
the whole diameter of the object-glass, if the object-glass 
be a plano-convex. r 

But as the diameter of the eye-glass is very small in 
respect of that of the object-glass, the length of the tele«t 
scope is usually estimated from the distance of the object- 
glass; i. e.,from its semidiametcr if it be convex on both 
sides, or its whole diameter if plono-couyex. Thus, a te¬ 
lescope is said to be 12 feet, .it the-seinidianieter of the 
object-glass, convex on both sides* be 12 feet, &c. 
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Since myopes see near objects best; for them, the eye¬ 
glass is to be removed nearer to the object-glass, that the 
rays refracted through it may lie the more diverging. 

To tuke in the larger field at one view, some make use 
of two eye-glasses, the foremost of which is a segment ol 
u lurgcr sphere than tl.at behind ; to this it must be added, 
that If two lenses be joined immediately together, so as 
the one may touch the other, the focus is removed to 
double the distance which that of oqe of them would 

^Land Telescope, or Day Telescop e, is one adapted 
for viewing objects in tbe day-time, on or about the earth. 
This contains more than two lenses, usually it has a con¬ 
vex uhj. ct-glass, and three convex eye-glasses ; exhibiting 
objects erect, yet different from that of Galileo. 

In this telescope, after the rays bave passed the first 
eye-glass m (fig. 3, pi. 38), as in the former construction, 
instead of being there received by the eye, they pass on 
to another equally convex lens, situated at twice its focul 
distance from the other, so that the rays of each pencil, 
being parallel in that whole interval, those pencils cross 
one another in the common focus, and the rays consti¬ 
tuting them arc transmitted parallel to the second eye¬ 
glass lm ; after which, the rays of each pencil converge 
to other foci at no, where a second image of the object is 
formed, but inverted with respect to the former image in 
ef. This image then being viewed by a third eye-glass 
qr, is painted upon the retina at xyz, exactly as before, 

only in a contrary position. • 

Father Rcita was the author of this construction ; which 
is effected by fitting in at one end of a tube an object- 
glass, which is either convex on both sides, or plano-con¬ 
vex, and a segment of a large sphere; to this add three 
eye-glasses, all convex on both sides, and segments of equal 
spheres ; disposing them in such a manner as that the 
distuncc between any two muy be the aggregate of ihe 
distances of their foci. Then will an eye applied to the 
last lens, at the distance of its focus, sec objects very dis¬ 
tinctly* erect, and magnified in the ratio of the distance 
of the focus of one eye-glass, to tbc distance of the focus 

of the object-glass. . • , .. 

Hence, 1. An astronomical telescope is easily converted 
into a land telescope, by using three eye-glasses for one; 
and the land telescope, on the contrary, into an astrono¬ 
mical one, by taking away two eye-glasses, the faculty of 
magnifying still remaining the same. , 

•2. Since the distance of the eye-glasses is very small, 
the lepglh of the telescope is much tbe same as if you only 
used one. 

3. The length of the telescope is found by adding five 
times the semidiameter of tbe eye-glasses, to the diameter 
of the ohjcct-glass when this is a plano-convex, or to ils 
iemidiametcr when convex on both sides. 

Huygens first observed, both in the astronomical and 
land telescope, that it contributes considerably to the 
perfection of the instrument, to have a ring of wood or 
metal, with an aperture, a little less than the breadth of 
the eye-glass, fixed in the place where the image is found 
to radiute upon the lens next tbe eye ; by means of which, 
the colours, which arc apt to disturb the clearness and 
distinctness of the object, are prevented, and the whole 
compass taken in at one view, perfectly defined. 

Some raak? land telescopes of three lenses, which yet 
represent objects erect, and magnified as much as the 
former. But such telescopes are subject to very great in¬ 


conveniences, both as the objects in them arc tinged with 
false colours, and as they are distorted about the margin. 

Others again use five lenses, and even more; but as 
some parts ot the rays are intercepted in passing every lens, 
objects are thus exhibited very dimly.. 

Telescopes of this kind, longer than 20 feet, will be of 
baldly any use in observing terrestrial objects, on account 
of the continual motion ot tbe particles *>1 the atmosphere, 
which these powerful telescopes render \isible, and give 
a tremulous motion to the objects themselves. 

The great length of dioptric tele-Copes, adapted to any 
important astronomical purpose, rendered them extremely 
inconvenient for use ; as it was necessary to increase their 
length in no less a proportion than the duplicate ot the 
inert a*e of their magnitying power : so that, in order to 
magnify twice as much as before, with the same light and 
distinctness, the telescope required to be lengthened 4 
turns; and to magnify thrice as much, 9 times the length, 
and so on. This unwieldiness of refracting telescopes, 
possessing any considerable magnifying power, was one 
cause, why the attention ot astronomers, &c, was directed 
to the discovery and construction of reflecting telescopes. 
And indeed a refracting telescope, even ol 1000 feet focus, 
supposing it possible to make use of such an instrument, 
could not be made to magmly with distinctness more than 
1000 times; whereas u reflecting telescope, of 9 or 10 feet, 
will magnify 12 hundred times. The perfection of re¬ 
fracting telescopes, it is well known, is very much limited 
by the aberration of the rays ol light from the geometrical 
focus: and this arises from two different causes, \iz, 
from the different degrees of rcfrangibility of light, and 
from tbe sphericity, which is not of a proper curvature 
for collecting the rays in a single point. I ill the tune ol 
Newton, no optician had imagined that the object-glasses 
of telescopes were subject to any other error besides that 
which arose from their spherical figure, and thcreloie all 
their efforts were directed to the construction of them, 
with other kinds of curvature: but that author had no 
sooner demonstrated the different rcfrangibility of the rajs 
of light, than he discovered in this circumstance a new 
and a much greater cause of error in telescopes. ^hus, 
since the pencils of each kind of light have their foci in 
different plnccs, some nearer and sonic farther troin the 
lens, it is evident that the whole beam cannot be brought 
into any one point, but that it will be drawn the nearest 
to a point in tbc middle place between tbe focus of the 
most and least refrangible rays; so that the focus will be 
a.circular space of a considerable diameter. Newton 
shows that this space is about the 55th part ot the aperture 
of the telescope, and thut the focus of the most refrangv 
hie rays is nearer to the object-glass than the focus of the 
least refrangible ones, by about the 27 \ part of the distance 
between the object-glass, and the focus of the mean re¬ 
frangible rays. But he says, that if the rays flow from a 
lucid point, as far from the lens on one side as their loci 
are on the other, the focus of the most relrangible rays 
will be nearer to the lens than that of the least relrangi¬ 
ble, by more than the 14th part ot the whole distance. 
Hence, he concludes, that if all the rays of light were 
equally refrangible, the error in tolcscopcs, arising from 
the sphericity of-tlie gluss, would be many hundred times 
less than it now is ; because the error arising from the 
spherical form of the glass, is to that arising from the 
different rcfrangibility of the rays of light, as 1 to 54-19- 
See Aberration. 
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Upon the whole he observes, that it is a wonder that 
■telescopes represent objects so distinctly as they do. The 
reason of which is, that the dispersed rays are not scat¬ 
tered uniformly over all the circular space above-men¬ 
tioned, but arc* infinitely moredeme in the centre than in 
any other part of the circle; and that in the way from the 
centre to the circumference they grow continually rarer 
and rarer, till at the circumference they become infinitely 
rare : lor which reason, these dispersed rays arc not 
copious enough to he visible, except about the centre of 
the circle. lie also mentions another argument, to prove, 
that the different retrangibility of the rays of light is the 
true cause ol the imperfection of telescopes. For the dis¬ 
persions ot the rays arising from the spherical figures of 
object-glasses, are as the cubes of their apertures; and 
therefore, to cause telescopes of different lengths to mag¬ 
nify with equal distinctness, the apertures of the object- 
glasses and the charges or magnifying powers oueht to 
be as the cubis of the square roots of their lengths, which 
docs not answer to experience. But the errors of the rays, 
arising from the different refrangibiiity, are as ihe apertures 
of the object-glasses ; and thence, to make telescopes of 
different lengths to magnify with equal distinctness, their 
apertures and charges ought to he as the square roots of 
their lengths; and this answers to experience. 

Were it not for this different refrangibiiity of the rays, 
telescopes might be brought to a sufficient degree of per¬ 
fection, by composing the object-glass of two glasses with 
water between them. For by ibis means, the refractions 
on the concave sides of the glasses will very much correct 
the errors of the refractions on the convex sides, so far as 
they arise from their spherical figure: but on account of 
the different refrangibiiity ol different kinds of rays, Ncw- 
ton did not see any other means of improving telescopes 
by refraction only, except by increasing their length. 
Newton's Optics, pa 73, 83, 85 ), 3d edition. 

This important desideratum in the construction of 
dioptric telescopes, Inis been since discovered by I he in¬ 
genious Mr. Dollond ; an account of which is given below. 

Achromutic Telescope, is a name given to the re¬ 
fracting telescope, invented by Mr. John Dollond, and 
so contrived as to remedy the aberration arising from 
colours, or the different refrangibiiity of the rays of light. 
Sec Achromatic.' 

The principles of Mr. Doliond’s discovery and con¬ 
struction, have been already explained under the articles 
Arerration, and Achromatic. The improvement 
made by Mr. Dollond in his telescopes, by making two 
object-glasses of crown-glass, and one of flint, which was 
tried with success when concave eye-glasses \Vere used, 
was completed by his son Peter Dollond ; who, conceiv¬ 
ing that the same method might be practised with success 
with convex eye-glasses, found, after a few triuls, that it 
might be done. Accordingly he finished an object-glass 
of 5 feet focal length, with an aperture of 3J inches, com- 
posed of two convex lenses of crown-glass, and one con¬ 
cave of white flint glass. But apprehending afterward 
that the apertures might be admitted still larger, he com¬ 
pleted one uf 3} feet local length, with the same aperture 
of 3$ inches. Philos. Trans, vol. 55, pa. 56. • y * 

But besides the obligation we are under to Mr. Dollond, 
for correcting the abcriation of the rays of light in the 
locus of object-glasses, arising from their different refran¬ 
gibiiity, he made another considerable improvement in te¬ 
lescopes, viz, by correcting, in a great measure, both this 


kind of aberration, and also that which arises from the 
spherical form of lenses, by an expedii nt of a very different 
n iture, viz, increasing the number of eye glasses. If any 
person, says he, would have the visual angle of a telescope 
to contain 20 degrees, the extreme pencils of the field 
must be bent or refracted in an angle of 10 degrees; which, 
if it be performed by one eye-glass, will cause an aberra¬ 
tion from the figure, in proportion to the cube of that 
angle: hut if two glasses be so proportioned and situated, 
as that the refraction may be equally divided between 
them, they will each of them produce a refraction equal 
to half the required angle ; and therefore, the aberration 
being in this case proportional to double the cube of half 
the angle, will be but a 4th part of that w hich is in pro¬ 
portion to the cube of the whede angle ; because twice the 
cube of 1 is but i of the cube of 2 : so that the aberration 
from the figure, where two eye-glasses arc rightly propor¬ 
tioned, is but a 4th part of what it must unavoidably be, 
where the whole is performed by u single eye-glass. By 
the same way of reasoning, when the refraction is divided 
among three glasses, the aberration will be found to be 
but the 9 th part of what would be produced from a single 
glass; because 3 times the cube of 1 i 9 but the 9th part 
of the cube of 3. Whence it appears, that by increasing 
the number of eye-glasses, the indistinctness, near the 
borders of the field of a telescope, may be very much 
diminished, though not entirely taken away. 

The method ol correcting the errois arising from the 
different refrangibiiity of light, is of a different considera¬ 
tion from the former : for, whereas the errors from the fi¬ 
gure can only be diminished in a certain proportion to the 
number of glasses, in this they may be entirely corrected, 
by the addition of only one glass ; as we find in the astro¬ 
nomical telescope, that two eye-glasses, rightly propor¬ 
tioned, will cause the edges of objects to appear free from 
colours quito to the borders of the field. Also, in the day 
telescope, whore no more than two eye glasses are abso¬ 
lutely necessary for erecting the object, we find, by the 
addition of a third rightly situated, that the colours, 
which would otherwise confuse the image, arc entirely re¬ 
moved : but this must be understood with some limitation; 
for though the different colours, which the extreme pen¬ 
cils must necessarily be divided into by the edges of the 
eye-glasses, may in this manner be brought tothe eje in a 
direction parallel to each other, so as, by its humours, to 
be converged to a point in the rctjna, yet if the glasses ex¬ 
ceed a certain length, the colours may be spread too wide 
to be capable of being admitted through the pupil or aper¬ 
ture of the eye; which is the reason that, in long tele¬ 
scopes, constructed in the common way, with three eye¬ 
glasses, the field is always very much contracted. 

These considerations first set Mr. Dollond on contriving 
how to enlarge the field, by increasing the number of eye¬ 
glasses, without lessening the distinctness or brightness of 
the image: and though others had laboured at the same 
work* before, yet observing that the five-glass telescopes, 
sold-in thV shops, would admit of further improvement, he 
endeavoured to construct one with the same number of 
glnsscs in a better manner; which so far answered bis ex¬ 
pectations, as to be ullowcd by the best judges to bo a con¬ 
siderable improvement on the former. Encouraged by 
this success, he resolved to try if he could not make some 
further enlargement of the field, by the addition of another 
glass, and by placing and proportioning the glasses in such 
a manner, as to correct the aberrations as much as possi- * 
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Lie, without any detriment to the distinctness : and at last 
he obtained as large a field as is convenient or necessary, 
and that even in the longest telescopes that can be made. 
These telescopes, with 6 glasses, having been will received 
both at home and abroad, the author has settled the date 
of the invention in a letter addressed to Mr. Short, and 
read at the Royal Society, March 1, 1753. Philos. 
Trans, vol. 48, art. 14. 

Of the achromatic telescopes, invented by Mr. Dollond, 
there are several different sizes, from one foot to 8 feet in 
length, made Ond sold by his sons P. and J. Dollond. In 
the 17-inch improved achromatic telescope, the object- 
glass is composed of three glasses, viz, two convex of 
crown-glass, and one concave of white flint glass : the fo¬ 
cal distance of this combined object-glass is about 17 
inches, and the diameter of the aperture 2 inches. There 
aic 4 eye-glasses contained in the tube, to be used for land 
objects ; the magnifying power with these is near 50 times; 
and they are adjusted to different sights and to different 
distances of the object, by turning a finger screw at the 
end of the outer tube. There is another tube, containing 
two eye-glasses that magnify about 70 times, for astrono¬ 
mical pdrposcs. The telescope may he directed to any 
object by turning two screws in the stand on which it is 
fixed, the one giving a vertical motion, and the other a 
horizontal one. The stand may be inclosed in the inside 
of the brass tube. 

The object-glass of the 2$ and 3 J feet telescopes is com¬ 
posed of two glasses, one convex of crown glass, and the 
other concave of white flint glass; and the diameters of 
their apertures are 2 inches and 24 inches. Each of them 
is furnished with two tubes ; one for land objects, con¬ 
taining four eye-glasses, ami another with two eye-glasses 
for astronomical uses. They arc adjusted by buttons on 
the outside of the wooden tube; and the vertical and ho¬ 
rizontal motions are given by joints in the stands. The 
magnifying power of the least of these telescopes, wjth the 
eye- glass for land objects, is near 50 times, and with those 
for astronomical purposes, 80 times; and that of the 
greatest for land objects is near 70 times, but for astrono¬ 
mical observations 80 and 130 times; for this has two 
tubes, either of which may be used as occasion requires. 
This telescope is also moved by a screw and rackwork, 
and the screw is turned by means of a Hook’s joint. 

These opticians also construct an achromatic pocket 
perspective glass, or Galilean telescope ; so contrived, that 
all the different parts are put together and contained in 
one piece 44 inches long. This small telescope is fur¬ 
nished with 4 concave eye-glasses, the magnifying powers 
of which are 6, 12, 18 ,-and 28 times. With the greatest 
power of this telescope, the satellites of Jupiter and the 
ring of Saturn may he easily seen. They have also con¬ 
trived an achromatic telescope, the sliding tubes of which 
are made of very thin brass, which pass through springs 
or tubes; the outside tube being either of mahogany or 
brass. These telescopes, which from their convenience 
for "entlerocn in the army are called military telescopes, 
have 4 convex eye-glasses, whose surfaces and focal lengths 
arc so proportioned, as to render the field gf view very 
large. They are of 4 different lengths and sizes, usually 
Called one foot, 2, 3, and 4 foct; the first is 14 inches 
when in use, and 5 inches when shut up, having the aper¬ 
ture of the object-glass 1 t 'b inch, and magnifying 22 
times : (lie second 28 inches for use, 9 inches shut up, the 
aperture !-£, inch, and magnifying 35 time*; the third 40 


inches, and 10 inches shut, with the aperture 2 inches, 
and magnifying 45 times; and the fourth 52 inches, and 
14 inches shut, with the aperture 2j inches, and magni¬ 
fying 55 tunes. 

Euler, who, in a memoir of the Academy of Berlin for 
the year 1757, pa. 323, had calculated the effects of all 
po>siblc combinations of lenses in telescopes and micros¬ 
copes, published another long memoir on the subject of 
these telescopes,showing with precision of what advantages 
they are naturally capable. See Miscel. l aunn. vol. 3, 
part 2, pa. 92. 

Mr. Caleb Smith, having paid much attention to the sub¬ 
ject of shortening and improving telescopes, thought he 
had found it possible to rectify the. errors which arise 
from the different degrees of rcfrangibility, on the princi¬ 
ple that the sines of refraction of rays differently refrangi¬ 
ble, are to one another in a given proportion, when their 
sines of incidence are equal ; and the method be proposed 
for this purpose, was to make the specula of glass, instead 
of metal, the two surfaces having dillerent degrees of con¬ 
cavity. But it does not appear that this scheme was ever 
carried into practice. Sec Philos. Trans. No. 456, pa. 326. 

The ingenious Mr. Ramsdcn has lately described a new 
construction of eye-glasses for such telescopes a* may be 
applied to mathematical instruments. The construction 
which he proposes, is that of two plano-convex lenses, both 
of them placed between the eye and the observed image 
formed by the object-glass of the instrument, and thus 
correcting not only the aberration arising from the spheri¬ 
cal figure of the lenses, but also that arising from the dif* 
ferent refrangibility of light. For a more particular ac¬ 
count of this construction, its principle, and its effects, see 
Philos. Trans, vol. 73, art. 5. 

A construction, similar at least in its principle to that 
above, is ascribed, in the Synopsis Optica Uonorati Fabric 
to Eustachio Divinl, who placed two equal narrow plano¬ 
convex lenses, instead of one eye lens, to his telescopes, 
which touched at their vertices; the focus of the object- 
glass coinciding with the centre ot the plano-convex lens 
next it. And this, it is said, was done at once both to 
make the rays that come parallel from the object fall pa¬ 
rallel upon the eye, to exclude the colours of the rainbow 
from it, to augment the angle of sight, the field of view, 
the brightness of the object, &c. This was also known to 
Huygens* who sometimes made use of the same construc¬ 
tion, and gives the theory of it in his Dioptrics. See Hu- 
genii Opera Varia, vol. 4, ed. 1728. 

Telescope, Reflecting , or Catoptric, or Catadioptric , is 
a telescope which, instead of lenses, consists chiefly of 
mirrors, and exhibits remote objects by reflection instead 
of refraction. 

A brief account of the history of the invention of this 
# important and useful telescope, is as follows. 1 he inge¬ 
nious Mr. James Gregory,, of Aberdeen, has been com¬ 
monly considered as the first inventor of this telescope.— 
But it seems the first thought of a reflector had been sug¬ 
gested by Mcrsenne, about 20 years before the date of 
Gregory's invention: a hint to this purpose occurs in the 
7th proposition of his Catoptrics, which was printed in 
10*51 ; and it appears from the 3d and 29th letters of Des¬ 
cartes, in vol. 2 of his Letters, which it is said were written 
in 1639, though they were not published till theyear \666 f 
that Mcrsenne proposed a telescope with specula to Des¬ 
cartes in that correspondence; though indeed in a manner 
so very unsatisfactory, that Descartes, who had given par- 
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ticular attention to the improvement of the telescope, was 
so tar from approving the proposal, that he endeavoured 
to convince Mersenne of its fallacy. This point has been 
largely discussed by Lo Hoi in the Encyclopedia, art.Te¬ 
lescope, and by Montucla in Ins Hist, des Muthem. tom.2, 
pa. 043 . 

Whether Gregory had seen Mcrscnnc’s treatise on optics 
and catoptrics, and whetliei lie availed himself of the hint 
tlieie suegested, or nut, perhaps cannot now be determined. 
He was led however to the invention by seeking to correct 
two lmperiections in the common telescope: the first of 
these was its too great length, which made it troublesome 
to manage ; and the second was the incorrectness of the 
image. It had been already demonstrated, that a pencil 
ot rays could not be collected in a single point by a spheri¬ 
cal lens; ami also, that the image transmitted by such a 
lens would be in some degree incurvatcd. These inconvc- 
meucir* he thought might be obviated by substituting for 
the object-glass a metallic speculum, of a parabolical fi¬ 
gure, to receive the image, and to reflect it towards a small 
speculum of the same metal; this again was to return the 
image to an eye-glass placed behind the great speculum, 
which was, for Uiat purpose, to be perforated in its centre. 
This construction lie published in l66'3, in his Optica 
Proinota. But as Gregory, according to his own account, 
possessed no mechanical skill, and could not find a work¬ 
man capable of realizing his invention, after some fruitless 
trials, he was obliged to give up the thoughts of bringing 
telescopes of this kind into.use. 

Sir Isaac. Newton however interposed, to save this ex¬ 
cellent invention from perishing, and to bring it forward 
to maturity. Having applied himself to the improvement 
of the telescope, and imagining that Gregory's specula 
were neither very necessary, nor likely to be executed, he 
began with prosecuting the views of Descartes, who aimed 
at making a more perfect image of an object, by grinding 
lenses, not to the figure of a sphere, but to that formed 
from one of the conic sections. But, in the year 1660, 
having discovered the different refrungibility of the rays 
of light, ami finding that the errors of telescopes, arising 
from that cause alone, were much more considerable than 
such us were occasioned by the spherical figure of lenses, 
he was constrained to turn his thoughts to reflectors. The 
plague however interrupted his progress in this business ; 
so that it was towards the end of 1608 , or in the beginning 
of I6(i9» when, despairing of perfecting telescopes by 
means of refracted light, and recurring to the construction 
of reflectors,- he set about making his own specula, and 
early in the year Iti72 completed two small reflecting tele¬ 
scopes. In these he ground the large speculum into a 
spherical concave, being unable to accomplish the para¬ 
bolic form proposed by Gregory ; but though he then 
despaired of performing that work by geometrical rules, 
yet (as he writes in a letter that accompanied one of these 
instruments, which he presented to the Royal Society) he 
doubted not but that the thing might in some pleasure be 
accomplished by mechanical devices. With a perseverance 
equal to his ingenuity, he, m a great pleasure, overcame 
another difficulty, which was to find a metallic substance 
that would be of a proper hardness, have the fewest pores, 
and receive the smoothest polish : this difficulty he deemed 
almost insurmountable, when be considered that evcry.ir- 
rrgularity in a reflecting surface would make the rays of 
light deviate 5 or 6 times more out of their due course, 
than the like irregularities in a refracting surface. After 


repeated trials, he at last found a composition that answered 
in some degree, leaving it to those who should come after 
him to find a belter. These difficulties have accordingly 
been since obviated by other artists, particularly by Dr. 
Mudgo, the rev. Mr. Edwards, and Dr. Hcrschel, &c. 
Newton having succeeded so far, he communicated to the 
Royal Society a full and satisfactory account of the con¬ 
struction and performance of his tele-scope. The Society, 
by their secretary Mr. Oldenburg, transmitted an ac¬ 
count of the discovery to Mr. Huygens, celebrated as a 
distinguished improver of the refractor; who not only re¬ 
plied to the Society in terms expressing his high approba¬ 
tion of the invention, but drew up a favourable account 
of the new telescope, which he caused to be published ip 
the Journal dcs S^avans of the year 1672, and by this 
inode of communication it was soon known over Europe. 
See Huy genii Opera Varia, tom. 4. 

Notwithstanding the excellence and utility of this con* 
trivancc, and the honourable manner in which it was an¬ 
nounced to the world, it seems to have been greatly 
neglected for nearly half a century. Indeed when Newton 
had published an account of his telescopes in the Philos. 
Trans. M. Cassegrain, a Frenchman, in the Journal des 
Sfavans of, 1672 , claimed the honour of a similar inven¬ 
tion, and said, that, before he heard of Newton's improve¬ 
ment, he had hit upon a better construction, by using a 
small convex mirror instead of the reflecting prism. This 
telescope, which was the Gregorian one disguised, the 
large mirror being perforated, and which it is said was 
never executed by the author, is much shorter than the 
Newtonian; and the convex mirror, by dispersing the 
rays, serves greatly to increase the image made by the 
large concave mirror. 

Newton made many objections to Cassegrain's construc¬ 
tion, but several of them equally affect that of Gregory, 
which has been found to answer remarkably well in the 
hands of good artists. 

Dr. Smith took the pains to make mahy calculations 
of the magnifying power, botli of Newton's and Cassegrain's 
telescopes, in order to their further improvement, which 
may be seen in bis Optics, Rem. p. 97. 

Mr. Short, it is also said, made several telescopes on 
the plan of Cassegrain. % 

Dr. Hooke constructed a reflecting telescope (mentioned 
by Dr. Birch in his Hist, of the Royal Soc. vol. 3, pa. 
122) in which the great mirror was perforated, so that 
the spectator .looked directly towards the object, and it 
was produced before the Royal Society in 167-L On this 
occasion it was said that this construction was first pro¬ 
posed by Mersenne, and afterward* repeated by Gregory, 
but that it had never been actually executed before it was 
done by Hortkc. A description of this instrument may be 
seen in Hooke's Experiment*, by Dcrhain, pa. 269 . 

The Society also made an unsuccessful attempt, by em¬ 
ploying an artificer to imitate the Newtonian construc¬ 
tion ; however, about half a century after the invention 
of Newton, a reflecting telescope was produced to the 
world, of the Newtonian construction, which the venerable 
author, ere yet he had finished his veYy distinguished 
course, had the satisfaction to find executed in such a 
manner, us left no room to fear that the invention would 
longer continue in obscurity. This effectual service to 
science was accomplished by Mr. John Hadley, who, in 
the y ear 1723, presented to the Royal Society a {telescope, 
which he had constructed on Newton's plan. The two 
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telescopes which Newton had made, were but 6 inches 
long, were held in the hand for viewing obj. cts, ami in 
power were compared to a 6 -feet lefraclor : but the radius 
of the sphere, to which rhe principal speculum of Had¬ 
ley’s was f round, was 10 feet 5i inches, and consequently 
its focal length was 62| inches. In the Philos. 1 rans. 
Abr. vol. 6 , pa. 6 46 . 664, may be seen a drawing and de¬ 
scription of tliis telescope, and also of a very ingenious 
but complex apparatus, by which it was managed. One 
of these telescopes, in which the focal length oi the large 
mirror was not quite 5 } feet, was compared with the cc- 
lcbrated Huygcnian telescope, which had the local length 


1 


him; a degree of perfection which Gregory and Newton 
despaired of attaining, and which Hadley it seems had 
never attempted in cither ol his telescopes. Huwevt i, the 
secret of working that configuration, whatever it was, it 
seems died with that ingenious artist; though lately in 
some degree discovered by Dr. Mudge and others. 

On the history of reflecting telescopes, see Dr. David 
Gregory's fcllein. of Cutopl. and Dioptr. Appendix by Dc- 
saguliers: Smith's Optics, bo**k 3, c. 2, Item, on art.-V69- 
and Sir John Pringle's excellent Discourse on the inven¬ 
tion &c of the Reflecting Telescope. 
r uction of tin 


Construction of the Rjhcting Telescope of the Newtonian 
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of its object glass i-ZJ ice , . . r i n c~,i RC . ami ltx enclb at least equal to the 


former would bear such a charge, as to make it magnily 
the object as many times as the latter w ith its due charge ; 
and that it represented objects as distinctly, though not 
altogether so clear and bright. With this reflecting tele- 
scope mi«ht be seen whatever had been hitherto disco¬ 
vered by°lbat of Huygens, particularly the transits of 
Jupiter’s satellites, and their shades over the disk ol Ju¬ 
piter, the black list in Saturn’s ring, and the edge of the 
shade of Saturn cast upon his ring. l ive satellites of Sa¬ 
turn were also observed with' this telescope, and it af¬ 
forded other observations on Jupiter and Suturn, which 
confirmed the good opinion which had been conceived of 

it by Pound and Bradley. , 

Mr. Hadley, after finishing two telescopes of the New¬ 
tonian construction, applied himself to make them in the 
Gregorian form, in which the large mirror is perforated. 
This scheme he completed in the year 17‘26. 

Dr. Smith prefers the Newtonian construction to that 
of Gregory ; but if long experience be admitted as a final 
judge in such matters, the superiority must be adjudged 
tp the latter; as it is now, and has been lor many years 

past, the only instrument in request. 

Mr. Hadley spared no pains, alter having completed 
his construction, to instruct Mr. Molyncux and Dr. 
Bradley; and when these gentlemen had made n good 
proficiency in the art, being desirous that these telescopes 
should become more public, they liberally communicated 
to some of the chief instrument-makers of London, the 
knowledge they had ucquired from him : and thus, as it 
is reasonable to imagine, reflectors were completed by 
other and better methods than even thosem which they bad 
been instructed. Mr. James Short in particular signalized 
himself as early as the year 1734, by performances of this 
kind. He at first made his specula ol glass ; but finding 
that the light reflected from the best glass specula was 
much less than the light reflected from metallic ones, 
and lliat glass was very liable to change its form by its 
own weight, he applied himself to improve metallic spe¬ 
cula; and, by giving particular attention to their curva¬ 
ture, he was able to give them greater apertures than 


other workmen could do; and by a more accurate ad¬ 
justment of the specula, Sec, he greatly improved the 
whole instrument. By some which he made, in which 
the larger mirror was 15 inches focal distance, he and 
some other persons were able to read it\ the Philos. Trans, 
at the distance of 500 feet; and they several times saw 
the five satellites of Saturn together, which greatly sur¬ 
prised Mr. Maclaurin, who gave this account of it, till 
he found that Cassini had sometimes seen them all with 
a 17 feet refractor. Short’s telescopes were all of the Gre¬ 
gorian construction. It is supposed that he discovered a 
method of giving the parabolic figure to his great spccu- 


ad, and closed at BC, and its length al least equal to the 
distance ol the focus from the metallic spherical concave 
speculum on placed at the end isc. The rays eg, fh, &c, 
proceeding from a remote object pr, intersect one another 
somewhere before they enter the tube, so that eg and eg 
are those that come Iron) the lower part of the ob¬ 
ject, and fhv h from its upper part: these rays, after tail¬ 
ing on the speculum Gil, will be reflected so as to con¬ 
verge and meet in rnn y where they will lorm a perfect 
image of the object, But as tins image cannot be seen 
by the spectator, they are intercepted by a small plane 
metallic speculum k k, intersecting the axis at an angle ot 
45 °, by which the rays tending to inn , will be reflected 
towards a hole ll in the side of the tube, and the image 
of the object will be thus formed in 9 s; w hich image will 
be less distinct, because some of the rays which would 
otherwise fall on the concave speculum on, are inter¬ 
cepted by the plane speculum : it will nevertheless appear 
pretty distinct, because the aperture ad ot the tube, and 
the speculum gii, are large. In the lateral hole LL is 
fixed a convex lens, whose focus is at sy ; and therefore 
this lens will refract the rays that proceed from any point 
of the image, so as at their emergence they will appear 
parallel, and those that proceed from the extreme points 
S 9 , will converge after refraction, and form an angle at 

o, where the eye is placed ; which will see the image s?, 
as if it were an object, through the lens ll : consequently 
the object will appear enlarged, inverted, bright, and di¬ 
stinct. In LL muy be placed lenses of different convexi¬ 
ties, which, by being moved nearer to the image and far¬ 
ther from it, will represent the object more or less magni¬ 
fied, if the surface of the speculum on be of a figure truly 
spherical. If, instead of one lens ll, three lenses be dis¬ 
posed in the same manner with the three eye-glasses of 
the refracting telescope, the object will appear erect, but 
less distinct than when it is observed with one lens. On 
account of the position of the eye in this telescope, it is 
extremely difficult to direct the instrument towards any 
object: Huygens therefore first thought of adding to it a 
small refracting telescope, having its axis parallel to that 
of the reflector: this is called u finder or director. 1 he 
Newtonian telescope is also furnished with a suitable ap¬ 
paratus for the commodious use of it. 

To determine the magnifying power of tins telescope, it 
is to be considered that the plane speculum kk is o! no 
use in this respect: let us then suppose that one ray pro¬ 
ceeding from the object coincides with the axis glia of 
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the lens and speculum : let bb he another ray proceeding 
from the hnver extremity of the object, and passing through 
the focus t of the speculum KH; this will be reflected in 
the direction bid, parallel to the axis gla, and falling on 
the lens di.d y will be refracted to o, so that gl will he 
equal to li, and dc, = d i. To the naked eye the object 
would appear under the angle ibi = 6ia; hut by means 
of the telescope it appears under the angle (Igl = d il = 
idi; and the angle i di is to the angle ibi as hi to id; 
consequently the apparent magnitude by the telescope, is 
to that with the naked eye, as the distance of the focus 
of the speculum from the speculum, to the distance of the 
focus of the lens from the lens. 

Construction of the Gregorian Reflecting Telescope .—Lot 
TYYT (fig. Q y pi. 38) he a brass tube, in which l./</n is a 
metallic concave speculum, perforated in the middle at x ; 
and EF a less concave mirror, so fixed by the arm or 
strong wire nr, which is move able by means of a long 
screw on the outside of the tube, as to be moved nearer 
to, or farther from the larger speculum lWd ; its axis 
being kept in the same line with that of the great one. 
Let a n represent a very remote object, from each part of 
which issue pencils of rays, as erf, on, from a the upper 
extremity of the object, and IL, «7, from the lower part n ; 
the rays il, cd, from the extremities, crossing each other 
before they enter the tube. These rays, falling upon the 
larger mirror ld, are reflected from it into the focus kii, 
where they form an inverted image of the object ab, as in 
the Newtonian telescope. From this image the rays, is¬ 
suing as from an object, fall upon the small mirror f.f, the 
centre of which is at c, so that after reflection tlfey 
would meet in their foci at qq, and there form an erect 
image. But since an eye at that place could see but a 
small part of an object, in order to bring rays from more 
distant parts of it into the pupil, they are intercepted by 
the plano-convex lens mn, by which means a smaller 
erect image is formed at rv, which is viewed through the 
meniscus ss, by an eye at o. This meniscus both makes 
the rays of each pencil parallel, and magnifies the image 
pv. *At the place of this image all the foreign rays are 
intercepted by the perforated partition zz. For the same 
reason the hole ncac the eye o is very narrow. Whep 
nearer objects arc viewed by this telescope, the small spe¬ 
culum ef is removed to a greater distance from the 
larger ld, so that the second image may be always for¬ 
med in r v : and this distance is to be adjusted (by means 
,of the screw on the outside of the great tube) according 
to the form of the eye of the spectator. It is also neces¬ 
sary that the axis of the telescope should pass through 
the middle of the speculum f.f, and its centre, the centre 
of the speculum ll, and the middle of the hole x, the 
centres of the lenses MW, ss, and the hole near o. As the 
hole x in the speculum ll can reflect none of the rays is¬ 
suing from the object, that part of the image which cor¬ 
responds to the middle of the object, must appear to the 
observer more dark and confused than the extreme parts 
of it. Besides, the speculum ef will also intercept many 
rays proceeding from the object; and therefore, 5 unices 
the aperture tt be large, the object must appear in 6oMe 
degree obscure. 
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g the right line digaok. Let bb be a ray of light coming 
ii from the lower extremity of a very distant visible object, 
n passing through the focus O, and fading upon the point 
n b of the speculum ld ; which, after being reflected from 
>c b to v in a direction parallel to the axis of the mirror 
:t dak, is reflected by the speculum f so as to puss through 
is the focus i in the direction fin to N, at the extremity 
= of the lens mn, by which it would have been refracted 
f ; to k ; but by the interposition of another lens ss is 

is brought to o, so that the eye in o sees half the object 

ns under the angle tos. The angle g/vf, or ag b , under 

lie which the object is viewed by the naked eye, is to sot 

under which it is viewed by the telescope, in the ratio of 
a*1 Gbr to if/ = n in, of win to nkm, and of nk n to sot. 


But 

Gbr : 

I Ft 

: : di 

: o a, 

and 

win : 

M 

n K N 

: : n k 

• : hi, 

and 

WK n : 

SOT 

: ; to 

: .tk ; 

G bF 

: sot : : 

DI X 

71 K X TO 

: ga x ; 


thcref. obF : sot : : di x hr x to : ga x n i x tk. 
•Rlusscbcnbrock's lntrod. vol. 2, p.81<). 

In reflecting telescopes of different lengths, a given ob¬ 
ject will appear equally bright and equally distinct, when 
their linear apertures, and also their linear breadths, are 
as the 4th roots of the cubes of their lengths; and con¬ 
sequently when the focal distances of their eye-glasses arc 
also «i$ the 4th roots of their lengths. Sec the demonstra¬ 
tion of this proposition in Smith’s Optics, art. 3()1. 

Hence he has deduced a rule, by which he has com* 
puled the following table for telescopes of different lengths 
taking, for a standard, the middle eye-glass and apcrltfre 
of Hadley’s Reflecting telescope, described in Philos. 
Trans. No. 376 and 378 : the focal distances and linear 
apertures being given in 1000th parts of an inch. 

Table for Telescopes of different Lengths. 


Lrn^th of .ihc 
Telescope, 
or Focal Diuancc 
of die Concave. 

Feet. 

I 

1 

2 

3 

4 

5 

6 

7 

8 ' 

9 

10 

II 
12 

13 . 

14 

15 

16 
17 


Focal Distance 
of the 
Eye-Glass. 

Inches. • 

0-1 67 
O’191) 

0236 
0-2 6b 
0*281 
0297 
0-3J1 
' 0-323 
0 334 
0-344 
0-353 
0-362 
0-367 
0-377 
0-384 
0-391 
0*397 

0-403 


Linear 

amplifying or 
magnifying 
Power. 


36 

60 

102 

138 

171 

202 

252 

260 

287 

314 

340 

365 

390 

414 

437 

460 

483 

506 


Linear Apenur. 
of die 

Concave Metal. 
Inches. 

0-864 

1-440 

2*448 

3- 312 

4- 104 

4- 843 

5- 568 

6- 240 
6-888 
7*536 
8-160 

8- 760 

9- 360 
9*936 

10- 488 

11- 040 
11*592 
12*143 


Mr. Hadley's telescope, above-mentioned, magnified 
228 or 230 times ; but we are informed that an object,- 
raetal of 3 J feet focal distance was wroughtby Mr. Hauks- 


Thc magnifying power of this telescope is estimated in • bee to so great a perfection, as to magnify 226 times, and 
the following manuer. Let ld be the larger mirror (fig. therefore it was scarcely inferior to Hadley's- of 5 i feet. 
4, pi. 38), having its focus at o, and aperture in a ; and -If Hauksbccs telescope be takon for a new standard, it 
fp the small mirror with the focus of parallel rays in I, follows that a speculum of one foot focal distance ought 
and the axis of both the specula and lenses MH» ss, be in to magnify 93 times, whe/ea^the above table allows it 
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but CO. Now £1 = 1-55, ami the given column of 
magnifying powers multiplied by this number, gives a 
new column, showing how much the object-metals ought 
to magnify if wrought up to the perfection of Hauksbec’s. 
And thus a new table may be easily made for tins or any 
other more perfect standard, taking also the new eye¬ 
glasses and apertures m the same ratio to one another as 
the old ones have in this table. Smith’s Optics, Item, 
pa. 79- 

Thc magnifying power of any telescope may be easily 
found by experiment, viz, by looking with one eye through 
the telescope upon n:i object of known dimensions,ami at 
a given distance, and throwing the linage upon another ob¬ 
ject seen with the naked eye. Dr. Smith has given a par¬ 
ticular account of the process, Rem. pa. 79. 

But the easiest method of all, is to measure the diame¬ 
ter of the aperture of the object-glass, and that ol the 
little image of it, which is formed at the place of the eye. 
For the proportion between these gives the ratio ol the 
magnifying power, provided no part ol the original pencil 
be intercepted by the bad construction of the telescope. 
For in all cases the magnifying power of telescopes, or 
microscopes, is measured by the proportion of the diame¬ 
ter of the original pencil, to that of the pencil which en¬ 
ters the eye. Priestley's Hist, of Light, pa. 747- 

Thc most considerable, and indeed truly astonishing 
magnifying powers, that have ever been used, are those 
of Dr. Herschel's reflecting telescopes. Some account of 
these, ami of the discoveries made by them, has been al¬ 
ready introduced under the article Star; for Ids method 
of ascertaining them, sec Philos. Trans. voL 72* pa* 173 
Ac. See also several of the other late volumes of the 
Philos. Trans* Likewise vol. 17, pa. 593, ol iny Abridg. 
of the Philos. Trans, lor a description of Herschel's 40-foot 
reflecting telescope, with an engraved representation ot all 
its machinery ; sec also plate xv of this Dictionary. 

Dr.Tlcrschcl observes, that though opticians have 
proved, thut two eye-glasses will give a more correct image 
than one, lie has alwuys (from experience) persisted in re¬ 
fusing the assistance of a second glass, which is sure to 
introduce errors greater than those he would correct. 
Ai Let us resign," says he, 41 the double oye-glass to those 
who view objects merely for entertainment, and who must 
•have an exorbitant field of view. To a philosopher, this 
is an unpardonable indulgence. I have tried both the 
'single and double eye-glass of* equal powers, and always 
found that the single.eye-glass bad much the superiority 
in point of light and distinctness. With the double eye¬ 
glass I could not sec the belts in Saturn, which f I very 
plainly saw with the single one.* I would however except 
all those cases where a large field is absolutely necessary, 
and where power joined to distinctness is not the sole ob¬ 
ject of our view." Philos. Trans- vol. 72, pa. 95. 

Meridian Telescope, is one that is fixed at right an¬ 
gles to an axis, and turned about it in the plane of the 
incridiart ; and is otherwise called a Transit Instrument.— 
The common use of this is to correct the motion of a 
clock or watch, by daily observing the exact time when 
the sun or a sfar comes to the meridian. It serves also 
for. a variety of other uses. The transverse axis is placed 
horizontal by a spirit level. For the farther description 
and method of fixing ibis instrument by means of its 
levels Uc, sec Smith's Optics, pa. 321. See alsoTuANSiT 
Instrument. 

TELESCOPICAL Stars, arc such as are not visible to 


the naked eye, being only discernible by means of a tele¬ 
scope.— All stars less than those of the Otli magnitude, are 
telescopic to an ordinary eye. 

TEMPERAMENT, in Music, is defined by Rousseau 
to be an operation which, by means of a slight alteration* 
in the intervals, causes the difference between two con-* 
tiguous sounds to disappear, make s each of these sounds 
seem identical with the other, which, without offending the 
ear, may still preserve their respective intervals or di¬ 
stances one from the other. By this operation the scale 
is rendered more simple, and the number of sound* which* 
would otherwise be necessary retrenched. Had not the 
scale been thus modified, instead of 12 sounds alone which 
are contained in the octave, more than 60 would be indi¬ 
spensably required to form tv hat is properly called Modu¬ 
lation in every tone. 

It is proved by computation, that on the organ, the 
harpsichord, and every other instrument with keys, there 
is* not, ami there scarcely can be, any chords properly 
in tune, save the octave alone. 'The cause is this, that 
though 3 thirds major, or 4 thirds minor, ought to form 
a just octave, those are found to surpass, and these not to 
reach it. 

TEMPERATURE, the degree or quantity of heat in 
any substance or place; a<, in the atmosphere, in a cli¬ 
mate, in the earth, in the ocean, Ac. In all these cases, 
the heat is greater in the lower latitudes, than in the 
higher: being greatest at the equator, and gradually less 
all the way to each pole, where it is least. 

Tkm pf.uatvu r. of the Atmosphere, is greatest at the 
bottom, next tho earth’s surface, where it is warmed by 
the contact of the earth, and by the reflection of the sun’s 
heat from it. From hence, gradually in ascending up in 
the atmosphere, the heat is always the less, till, in the up¬ 
per regions, there is perpetual cold or frobt,and that more 
or less, at equal elevations, in all latitudes. In so much 
that, at a certain elevation above (he sea, peculiar to each 
latitude, the mountains exhibit perpetual Irost or snow, if 
not higher than wjjerc vapours ascend in the atmosphere; 
which appearance oT ice or snow terminates, however 
cold, at the highest point of the ascent of vapours. This 
latter point may be termed the upper altitude termination, 
as the former is the lower. And the heights of-these two 
terms, for the different latitudes, have been observed us 
they are here exhibited in the following table; rhe lati¬ 
tude for every 5° being placed in the first column, and 
the altitude, in feet, of the lower and upper terms, in the 
2 d and 3d columns. 

Lsti- Alt. lower Alt. upper Lad- Alt. lower Ak.hppcr 
tude. Terrain. ' Tcnoin. mde. Terrain. 1 *n»»>n. 

0 Q ! 1557* 28000 45° 7658 i 137*30 

5( 15457 27784 50 626*0 11253 

10 15067 27084 55 4912 S830 

15 14498 26061 60 3684 * 6546 

20 13719 246*61 65 25 16 4676 

25 13020 * 23423 70 1557 2803 

30 11592 20838 . 73 * 748 1346 > 

35 10664 19169 80 ...120 207* 

4 ° 901 6 t 16*207 > y» * <3 

By dividing each number in the 2d column, by its cor¬ 
responding number in the 3d, the quotients generally 
come out *556, or nearly excepting some very few 
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irregular numbers, which must have been errors in the 
observations, i find also that the numbers in both these 
columns are very nearly proportionul to the squares of 
the cosines of the latitudes, excepting a few of the. num¬ 
bers belonging to the very high latitudes; and indeed that 
those in the 3d column ought to be expressed by this 
formula 28000c' 1 , where c denotes the cosine of the lati¬ 
tude, to radius 1. Hence £ of 28000c 1 , or '-A 
will give the proper numbers for the 2d column. And 
hence the irregular numbers, in both the columns, may 
be corrected. 

* TtMPtRATORE of the Climate, is that of the airwhich 
we breathe, at the earth’s surface, or the bottom of the 
atmosphere. This temperature is higher as the place is 
nearer the equator, and as the time or the season is 
nearer the warmest part of the year, near the summer 
equinox. 

At London, by a mean of the observations, for each 
month, made at the Royal Society, from the year 1772 
to 1780, it appears that the mean annual temperature 


there, is 51°'9, or in whole numbers 52° 
monthly temperature is as follows : 


and the 


January - - 35°*9 July- - - - 05 3 

February - - 42 3 August - - - 65 8 

March - - - 46 ’4 September - - 59 *6 

April - - - 49 9 October - - 52 '8 

May - - - - 56 *6 November - - 44 *4 

June - - - 63 '2 December - - 41 "0 

The greatest usual cold is 20°, and happens in January ; 
the greatest usual heat i« 81°, and happens generally in 
July. 

At Petersburg, hit. 59° 50', the mean annual tempera¬ 
ture is 38° 8. The greatest cold observed was that ut 
which mercury freezes, that is, — 39°, *>r 39 below 0; 
but the greatest mean degree of cold for several years was 
— 25° ; and the greatest summer heat, on a mean, is 79°, 
though once it amounted to 94°. 

With respect to different latitudes, from theory it would 
seem that the heat must vary with some function of the 
square of the sine or of the cosine of the latitude. Ac¬ 
cordingly, the rule given by Tobias Mayer of Gottingen, 
for the mean annual temperature, is 84 — 53 j*, where s is 
the sine pf the latitude; or which may be otherwise ex¬ 
pressed by 31 H-53c*, where c denotes the cosine of the 
latitude, to the radius 1. And by this rule is computed 
the following table. , 


July - - - 

August - - 

September - 
October 
November - 
December - 


65 '-3 
65 8 
59 6 
52 8 

44 *4 
41 -0 


Lai. 

Temp. 

L*t. 

Temp. 

Lai. 

0° 

840 

35° 

66*6 

70° 

• 5 

836 

40 

62*0 

75 

10 

823 

45 

5 76 

80 

15 

80*4 

50 

52 9 

85 

20 

77*8 

55 

48*4 

90 

25 

74*5 

60 

44*3 


30 

70 *7 

65 

40*4 



375? 
34-5 
32 6 
31-4 
31*0 


and generally approaches to the mean annual heat. Thus, 
the temperature of springs is nearly the same as the mean 
annual heat, and varies very little in different seasons. The 
temperature of the cave at the observatory of Paris, of 
about 90 feet deep, is about 53} degrees: varying only 
about half a degree in very cold years. The internal 
heat of the earth in our climate is always above 40°, 
and therefore the snbw generally begins to melt first at 
the bottom. Mr. Boyle kept a thermometer for a year, 
in a cave 80 feet deep, and found the liquid remain sta¬ 
tionary all the time. Dr. Withering made a similar ex¬ 
periment on a well 84 feet deep, at Ldgbastun, near Bir¬ 
mingham, the temperature of which was found to be 49° 
in every month of the year 1798. A remarkable circum¬ 
stance however is observable in experiments made on pit# 
or wells of a moderate depth. Mr. Gough kept a monthly 
account of the temperature of a well, for the years 1795 
and 1798, of only 20 feet,deep, and he found the annual 
variation was under 4°. And it is remarkable that the 
temperature of the earth, at the depth of 20 feet from the 
surface, is at the highest in October, when a thermometer 
in the atmosphere makes the monthly mean coincide with 
that of the year: on the contrary, the subterranean tem¬ 
perature does not arrive at a minimum before the end of 
March, 2 or 3 months later than the coldest weather 
'above ground. * 1 

Temperature of the Sea, like that of the land, is also 
different at different depths, but at great depths is found to 
be nearly constant. In winter, when the surface of water 
is much cooled by contact with the colder air, the deeper 
and warmer water at the bottom, being specifically lighter, 
rises and tempers the top; and as the colder water con¬ 
stantly descends during the winter, in the following sum¬ 
mer the surface is generally warmer than at any depths; 
whereas in winter it is colder. As the water in the high 
latitudes is, by cold, rendered heavier than that in lower 
warm latitudes ; hence occurs a continual current from 
the poles to the equator, which sometimes carries down 
large masses of ice, which cool the air to a great extent. 
The temperatures of land and water differ more in winter 
than in summer. 

The following table exhibits the results of several ob¬ 
servations on the temperature of the air, and of the sea at 
different depths, in several latitudes, and at different sea¬ 
sons of the year. 

Hist of tlirlDepth ofj He»t of dtelHest oi the 


Latitude. 


Time. 


Temperature of the Earth, is various at different 
depths below the surface, to a certain depth or limit, 
where it is stationary, being at about 80 or 90 feet deep. 
It is found by observation, that.the same degree of heat 
occurs in all subterraneous places at the same depth, 
varying a little at different depths, but is never less than 
36° of FaBrcnheit’s thermometer. At 80 or 90 feet, and 
sometimes jnuch less, the temperature varies very little, 
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TENACITY, in Natural Philosophy, is that quality of 
bodies by which they sustain a considerable pressure or 
force without breaking; und is the opposite quality to fra¬ 
gility or brittleneness. Mem. Acad. Berlin, 1745, pa. 47. 
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TENAILLE, in Fortification, a kind of outwork, con¬ 
sisting of two parallel sides, with a front, having a re-en¬ 
tering angle. In tact, that angle, and the faces which 
compose it, are the tenaiHe. The tenaille is of two kinds, 
simple ami double. 

Simple or Single Tenaille, is a large outwork, con¬ 
sisting of two faces or sides, including a re-entering angle. 

Double, or Flanked'V is aille, is a large outwork, con¬ 
sisting of two simple tenailles, or three saliant and two re¬ 
entering angles. 

The great defects of tenailles are, that they take up too 
much room, and on that account are advantageous to the 
enemy; that the re-entering angle is not defended; the 
height of the parapet preventing the seeing down into it, 
so that the enemy can lodge there under cover; and the 
sides are not sufficiently flanked. For these reasons, te¬ 
nailles are now mostly excluded out of fortification by the 
best engineers, and never made but where time does not 
serve to form a hornwork- 

Tenaille of the Place, is the front of the place, com¬ 
prehended between the points of two neighbouring bastions; 
including the curtain, the two flanks raised on the ctlr- 
tain, and the two sides of the bastions which face each 
other. So that the tenaille, in this sense, is the same with 
what is otherwise called the Face of a fortress. 

-Tenaille of the Ditch, is a low work raised before the 
curtain, in the middle of the foss or ditch; the parapet of 
which is only 2 or 3 feet higher than the level ground of 
the ravelin. 

The use of tenailles in general, is to defend the bottom 
of the ditch by a grazing fire, and likewise the level ground 
of the ravelin, which cannot be so conveniently defended 
from any other place. The first sort do not defend the 
ditch so well as the others, because they are too oblique 
a defence; but as they are not subject to be enfiladed, 
Vauban has generally preferred them in the fortifying of 
places. Those of the second kind defend the ditch much 
better than the first, and add a low flank to those of the 
bastions ; but as these flanks arC liable to be enfiladed, 
they have not been much used. This defect however 
mi"ht be remedied, by making them so as to be covered 
by the extremities of the parapets of the opposite ravelins, 
or by some other work. And the same thing may be 
said of the third sort as of the second. 

The Ram*s-horn is a curved tenaille, raised in the foss 
before the flanks, and presenting its convexity to the 
covered way. This work seems preferable to either of 
the other tenailles, both on account of its simplicity, and 
the defence for which it is constructed. 

TENAILLONS, in Fortification, arc works constructed 
on each side of the ravelin, much like the lunettes. They 
differ, as one of the faces of a tenaillon is in the direction 
of the ravelin, whereas that of the lunette is perpendicular 
to it. 

TENOR, in Music, the first mean or middle part, or 
that which is the ordinary pitch, or tenor, of the voice, 
when not either raised to the treble, or lowered to the bass. 

TENSION, the state of a thing tight, or stretched. 
Thus, animals sustain and move themselves by the tension 
of their muscles and nerves. A chord, or string, gives an' 
acuter or deeper sound, as it is in a greater or less degree 
of tension, that is, more or less stretched or tightened. 


The Tension of a cord in mechanics, is the force which 
acts at one end thereof when the other is fixed, or it is 
equivalent to that force. Thus, in the case of an equili¬ 
brium of forces applied to a physical point; if we consider 
that point as fixed, the tension of each cord is precisely 
the lorce applied at each cord to move the point ; but if 
there be not an equilibrium, as will happen, for example, 
when two unequal powers act at its extremities; the ten¬ 
sion is in this case the least of the two forces; for the ten¬ 
sion will evidently be the same, as if one of the extremities 
were fixed, and the least of the two forces acted solely at 
the other end. 

TERM, in Geometry, is the extreme of any magnitude, 
or that which bounds and limits its extent. So the terms 
of a line, arc points; of a superficies, lines; of a solid, 
superficies. 

Terms, of an equation, or of any quantity, in Algebra, 
are the several names or members of which it is composed, 
separated from each other by the signs ■*- or —. So, 
the quantity ax -+- Qbc — 3ai l , consists of the three terms 
ax and 2 be and 3«x*. 

In an equation, the terms are the parts which contain 
the several powers of the same unknown letter or quan¬ 
tity : for if the same unknown quantity be found in seve¬ 
ral members in the same degree or power, they shall pass 
but for one term, which is culled a compound one, in dis¬ 
tinction from a simple or single term. '1 bus, in the equa¬ 
tion x 1 -+- a — 3b . x* — acx = b *, the four terms arc 
x 3 and (a — 3b)x~ and acx and b 3 ; of which the second 
term (a — 3fe)x* is compound, and the other three arc 
.simple terms. 

Terms, of a Product, or of a Fraction, or of a Ratio, 
or ofa Proportion, &c, are the several quantities employed 
in forming or composing them. Thus, the terms 
of the product ub, are a and b ; 
of the fraction ar, ‘ 5 aru ' 8 > 
of the ratio 6 to 7; are 6 and 7 ; 
of the proportion a : b : ; 5 : 9» arc a, b , 5, 9* 

Terms are also used for the several times or seasons of 
the year in which the public colleges or universities, or 
courts of law, are open, or sit. Such arc the-Oxford and 
Cambridge terms ; also the terms for the courts of King’s- 
Bench,Common Pleas, and the Exchequer, which are the 
high courts of common law. But the high court of Par¬ 
liament, the Chancery, and inferior courts, do not observe 
the terms.—The rest of the year, out of term-time, is 
called vacation. 

There are four law terms in the year ; viz, 

Hilary-Term, which, at London, begins the 23d day of 
January, and ends the 12th of February. 

Easier-Term, which begins the 3d Wednesday after 
Eastcr-day, and ends on the Monday next after Ascension- 
day. 

Trinity-Term, which begins the Friday next after Tri- 
nity-Sunday, and ends the 4th Wednesday after T rinity— 
Sunday. 

Michaelmas-Term, which begins the 6th of November, 
and ends the 28th of November. 

All these terms have also their returns, the days of 
which arc expressed in the following tuble or synopsis. 
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Table of the Law Terms t and their Returns. 


Term 

¥ 

Begin. 

1st Return 

2d Return 

J'l R turn 

4th Return 

5th Return 

Eod 

Hilary ! 
Easter 
'Trinity 
Mich. 

1IM 

January 2.3 

3 Wed. at. Eas. 
Fri. af. Trin. S. 
November f> 

January 20 

2 Wks. at. East. 
Trinity MoikI. 
November 3 

January 27 
•3 Wks. af. Fast. 
1 Wk. af. Trin. 
November 12 

February 3 

1 Wks.af. East. 

2 Wks.af. Trin. 
November 1 8 

February f) 

5 Wks.af. East. 
3 Wks.af.Trin. 
November 25 

Ascension day 

February 12 

Mon. af. Ascens. 
4-th Wc.af. Tri.S. 
November 28 


When the beginning or ending of any ol these terms happens on a Sunday, it is held on the Monday following. 


Oxford Terms. These arc four; which begin and end 
as below : 


Terms 

Begin. 

End 

Lent Term 

January 14- 

Sat. bef. Palm-Sun. 

Easter Term 

Wed. af. Low-Sun. 

Sat. bef. Whitsun. 

Trinity Term 

Wed. af. Whitsun. 

Sat. after the Act 

Michaelmas 1'. 

October 10 

December 17. 


The act is 1st Monday after the 6'tli of July._When 

the day of the beginning or ending happens on a Sunday, 
the terms begin or end the day after. 

Cambridge-'VV. whs. These arc three, ns below : 


Terms 

Begin. 

End 

Lent Term 

January 13 

Frill, bef. Palm-Sun. 

Easter Term 

Wed.alt. Low-Sun. 

Frid. aft. Com inencc. 

Michaelmas 

October 10 

December lo. 


The commencement is the 1st Tuesday in July —There 
i!> no difference on uccount of the beginning nr ending 
being Sunday. 

Scottish Terms. In Scotland, Candlemas term begins 
January 23d, and ends February the 12th. Whitsutuide- 
terni begins May 25th, and ends June 15th. Lainmns- 
term begins July the 20th, and ends August the 8th. 
Martinmas-term begins November the 3d, and ends No¬ 
vember the 2<Jth. 

Irish Terms. In Ireland the terms arc the same as at 
London, except Michaelmas-term, which begins October 
the 13th, and adjourns to November the 3d, and thence 
to the 6th. 

TERMINATOR, in Astronomy, a name sometimes 
given to the circle of illumination, from its property of 
terminating the boundaries oflightand darkness. 

TERRA, in Gcogrupby. See Earth. 

'I erra -Jirtna, in Geography, is sometimes used for a 
continent, in contradistinction to islands. Thus, Asia, the 
Indies, and South America, are usually distinguished into 
terra-lirinas and islands. 

TERRAQUEOUS, in Geography, an epithet given to 
our globe or earth, considered as consisting of land and 
water, which together constitute one mass. 

TERRE-plein, orTERRE-PLAiN, in Fortification, the 
top, platform, or horizontal surface of the rampart, upon 
Which the cannon arc placed, and where the defenders 
erform their office. It is so called, because it lies level, 
aving otdy a little slope outwardly to counteract the re¬ 
coil of the cannon. Its breadth is from il4 to 30 feet; 
being terminated by the parapet on the outer side, and in¬ 
wardly by the inner talus. 

TERR ELLA, or little earth, is a magnet turned of a 
spherical figure, and placed so as that its poles, equator, 
Ate, do exactly correspond with those of the world. It 


was so first called by Gilbert, as being a just represtenta- 
tion of the great magnetic globe we inhabit. Such a ter- 
rella, it was supposed, it nicely poised, and hung in a me¬ 
ridian like a globe, would be turned round like the earth 
in 24 hours b^ the magnetic particles pcrvadiii* it; but 
experience lias shown that this is n mistake. 

TERRESTRIAL, something relating to the earth. As 
terrestrial globe, terrestrial line, Sec. 

TERTIAN; denotes an old measure, containing 34 
gallons, so called because it is the 3d part of a tun. 

TER I I ATE, in Gunnery. To U-rtiatc a great gun, is 
to examine the thickness of the metal at tlic~ muzzle, by 
which to judge of the strength of the piece, and whether 
it be sufficiently fortified or not. 

TETRACIIOKD. in Music, called by the moderns a 
fourth, is a concord or interval of 4 tones.—The tetra- 
chord of the ancients, was a rank of 4 strings, accounting 
the tctrn'chord for one tone, as it is often taken in music. 

TK.'I ItADlAPASON, or Huadrtiple Diapason, isa mu¬ 
sical chord, otherwise called a quadruple eighth, or a 
ninc-and-twenticth. 

TE.TRAEDRON, orjETR aiiedron, in Geometry, is 
one of the five Platonic or regular bodies or solids, com¬ 
prehended under 4 equilateral ami equal triangles. Or it 
is a lnangul.tr pyramid of 4-cqunl uud equilateral faces. 
It is demonstrated in geometry, that the side of a tctrnc- 
dron is to the diameter of its circumscribing sphere, as 
v/2 to i/3; consequently they are incommensurable. 

If a denote the linear edge or side of a tetraedron, 6 its 
whole superficies, c its solidity, rthe fadius of its inscribed 
sphere, and r the radius of its circumscribing sphere; 
then the general relation among all these is expressed by 
the following equations, viz, 

« = 2r v /6= ’r^/6 =s </$by/3 = y/Oc^/i. 

b = 24r V 3 = }»V5 = **V3 = 0^c^3. 

c = 8r\/3 = ,V*V3 = 

r = 3r = = W\c^3. 

r = * r = = riv^2i^/3 — 

See my Mensuration, pa. 186 Sec, 4th edit. See also the 
articles Regular, and Bodies. 

TETRAGON, in Geometry, a quadrangle, or a figure 
■ having 4 angles. Such ns a square, a parallelogram, a 
rhombus, and a trapezium. It sometimes also means 
peculiarly a square. 

TETR A G O NIA S, a meteor, whose head is of a qua¬ 
drangular figure, and its tail or train is long, thick, and 
uniform. It does not differ much from the meteor called 
TYabs or beam. 

TETRAGONISM, a term which some authors use to 
express the quadrature of the circle, because the quadra¬ 
ture is the finding a square equal to it. 

ThTRASPASTON, in Mechanics, a machineib which 
arc 4 pulleys. 

TETRASTYLE, in the ancient Architecture, a build¬ 
ing, and particularly a temple, with 4 columns in front. 
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THALES, a celebrate*! Creek philosopher, and the first 
of the seven wise men of Greece, was boro at Miletum, 
about 6*40 years before Christy After acquiring the usual 
learning of his own country, he travelled into Egypt and 
several parts of Asia, to learn astronomy, geometry, mys¬ 
tical divinity, natural knowledge or philosophy, &c. In 
Egypt he met for some time great favour fioin the king, 
Amasis; but he lost it again, by the freedom of his re¬ 
marks on the conduct of kings, which it is said occasioned 
his return to his own country, where lie communicated 
the knowledge he had acquired to many disciples, among 
the principal of whom were Anaximander, Anaximenes, 
and Pythagoras, and was the author of the Ionian sect of 
philosophers. Me always however lived very retired, and 
refused the proflered favours of many gn at men. He was 
often visited by Solon ; and it is said lie look great plea¬ 
sure in the conversation of Thrasybulus, whose excellent 
wit made him forget that he was tyrant of Miletum. 

Laertius, and several other w riters, agree that Thales 
was the father of the Greek philosophy; being the first 
that made any researches into natural knowledge and ma¬ 
thematics. His doctrine was, that water was the principle 
of which all the bodies in the universe are composed ; 
that the world was the work of God ; and that God sees 
the most secret thoughts in the heart of man. He ob¬ 
served that, in order to live well, we ought to abstain from 
what we find fault with in others : that bodily felicity con¬ 
sists in health, and that of the mind in knowledge : that 
the most ancient of beings is God, because he is uncreated : 
that nothing is more beautiful than the world, because it 
is the work of God ; nothing more extensive than space, 
quicker than spirit, stronger than necessity, wiser than 
time. Me used also to observe, that we ought never to 
say that to any one which may be turned to our preju¬ 
dice ; and that vve should live with our friends as with 
persons that may become our enemies. 

In geometry, it has been said, he was a considerable 
inventor, as well as an improver; particularly in that part 
concerning triangles. And all the writers agree, that he 
was the first, even in Egypt, who took the height of the 
pyramids by the shadow. 

. His knowledge and improvements in astronomy were 
very considerable. He divided the celestial * sphere into 
five circles or zones, 1 the arctic and antarctic circles, the 
two tropical circles, and the equator- He observed the 
apparent diameter of the sun, which he made equal to 
half a degree; and formed the constellation of the Little 
Bear. He also observed the nature and course of eclipses, 
and calculated them exactly; one in particular, memo¬ 
rably recorded by Herodotus, as it happened on a day of 
battle between the Medcs and Lydians, which, Laerlius 
says, he had foretold to the Ionian?. And the same author 
informs us, that he divided the year into 365 days. Plu¬ 
tarch not only confirms his general knowledge of eclipses, 
hut that his doctrine was, that an eclipse of the sun is oc- 
casioncd by the intervention of the moon, and that an 
eclipse of the moon is caused by the-intervention of the 
earth. 

His morals were as just, as his mathematics well ground¬ 
ed, and his judgment in civil affairs equal to cither. He 
was very averse to tyranny, and esteemed monarchy little 
better in any shape.—Diogenes luiertius relates, that, 
walking to contemplate the stars, he fell into a ditch ; on 
which a good old woman, that attended him, exclaimed, 
l i How canst thou kuow what is doing iu the heavens, >vhen 


thou scest not what is at thy feet P’—He went to visit 
Crce^Ub, who was marching a powerful army into Cappa¬ 
docia, and enabled him to pass the river llalys without 
making a bridge. 1 hales died soon alter, at above 9^ 
years of age, it is said, at the Olympic games, w here, op¬ 
pressed with heat, thirst, and a load of years, he, in pub¬ 
lic view, sunk into the arms of his friends. 

Concerning his writing*, it remains doubtful whether he 
left any behind him ; at least none have come down to us. 
Augustine mentions some hooks of Natural Philosophy ; 
Simplicius, some written on Nautic Astrology '* Laertius, 
two treatises on the tropics and Equinoxes; and buidas, 
a treatise on Meteors, written in verse. 

Ill AM MUZ, in Chronology, the 10th month of the 
year of the Jews, containing 2y days, and answering to 
our June. 

THEMIS, in Astronomy, a name given by some to the 
3d satellite of Jupiter. 

THEODOLITE, an instrument much used in survey¬ 
ing, lor taking angles, distances, altitudes, «S:c. 1 his in¬ 

strument is variously made; different persons having their 
several ways of contriving it, each attempting to make it 
more simple and portable, more accurate and expeditious, 
than others. It usually consists of a brass circle, about 
a foot diameter, cut in form of fig. 5, pl.dfj; having its 
limb divided into 660 degrees, and each degree subdivided 
either diagonally, or otherwise, into minutes. Under¬ 
neath, at cc f are fixed two little pillars Oh (fig. 6), which 
support an axis, bearing a telescope, lor viewing remote 
objects. 

On the centre of the circle moves the index c, which is 
a circular plate, having a compass in the middle, the me¬ 
ridian line of which answers to the fiducial line aa ; at Ob 
are fixed two pillars to support an axis, bearing a tele¬ 
scope like the former, whose line of collimation answers 
to the fiducial line aa. At each end of either telescope is, 
or may be, fixed a plain sight, for the viewing of nearer 
objects. «- 

The ends of the index aa are cut circularly, to. fit the 
divisions of the limb r ; and when that limb is diagonally 
divided, the fiducial line at one end of the index shows 
the degrees and minutes on the limb. It is also furnished 
with cross spirit levels, for setting the plane of the circle 
truly horizontal; and a vertical arch, divided into de¬ 
gree for taking angles of elevation and depression. 1 lie 
whole instrument is mounted with a ball and socket, upon 
a three-legged staff. 

Many theodolites however have no telescopes, but only 
four plain sights, two of them fastened on the limb, and 
two on the ends of the index. Two different ones, mount¬ 
ed on their stand, are represented in fig. 4 and 5, plate '21. 

The use of the theodolite is abundantly shown in that 
of the semicjrcle, which is only hall a theodolite. And 
the index and compass of the theodolite serve also lor a 
circumferentor, and arc used us such. 'I he ingenious 
Mr. Hamsden made a most excellent theodolite, for the 
use of the military survey now carrying on in England. . 

THEODOSIUS, a celebrated mathematician, who 
flourished in the times of Cicero, and Pompcy ; but the 
lime and place of his death are unknown. This Theodo¬ 
sius, theTripolite, as mentioned by Suidns, is probably the 
same with Theodosius the philosopher of Bithynia, who 
Strabo says excelled in the mathematical sciences, as also 
his sons; for the same person might have travelled from 
the one of those places to the other, and spent part of his 
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life in each of them ; like as Hipparchus was called by 
Strabo the Bilhynian ; but by Ptolemy and others the 
Rhodian. 

1 heodosius chiefly cultivated that part of geometry 
^liu h relates to the doctrine ot the sphere, concerning 
which he published three books. The first of these con” 
tains 22 propositions; the second 23; and the third 14; 
all demonstrated in the pure geometrical manner of the 
ancients. PtoU my made great use of these propositions, 

\'c!l as all succeeding writers. These books were trans¬ 
lated by the Arabians, out of the original Greek, into their 
own language* I rom the Arabic, the work was again 
trail'd a ted into Latin, qnd printed at Venice. But the 
Arabic version being very defective, a more complete 
edition was published in Greek and Latin, at Paris 1538, 
by John Pena, Regius Professor of Astronomy. And Vi- 
tello acquired reputation by translating Theodosius into 
Latin. 1 Ins author s works were also commented on and 
illustrated by Clavius, Ilcleganius, and Gaurinus, and 
lastly by Dcchales, in his Cursus Mathematicus. ^Theo¬ 
dosius's Spherics was also translated, and published, by 
our countryman the learned Dr. Barrow, in the year 16*75, 
illustrated and demonstrated in a new and concise method. 
By this author's account, Theodosius.appears not only to 
be a great master in this more difficult part of geometry, 
but the first considerable author of antiquity who has 
written on that subject. Another edition was published 
at Oxford 1707 in 8vo. by Jos. Hunt. 

Theodosius wrote also concerning the Celestial Houses; 
also of Days and Nights; copies of wliich, in Greek, are 
in the king's library at Paris ; of which there was a Latin 
edition, published by Peter Dasypody, in the year 1572. 

IHLON, of Alexandria, a celebrated Greek philoso¬ 
pher and mathematician, who flourished in the 4th cen¬ 
tury, about the year 380, in the time of Theodosius the 
Great; hut tin* time and manner of his death arc unkiiown. 
His genius and disposition for the study of philosophy were 
very early improved by a close application to study ; so 
that lie acquired such a proficiency in the sciences, as to 
render his name venerable in history ; and to procure him 
the honour ot being president of the famous Alexandrian 
school. One of his pupils was the admirable Hypatia, 
his duughtcr, who succeeded him in the presidency of the 
school ; a trust, which, like himself, she discharged with 
the greatest honour and usefulness. [See her life in its 
place in the first volume of this Dictionary.] 

The study of nature led Thcon to many just conceptions 
concerning God, and to many useful reflections in the 
science of moral philosophy; hence, it is said, he wrote 
with great accuracy on divine providence. And he seems 
to have made it his standing rule, to judge the truth of 
.certain principles, or sentiments, from their natural or 
necessary tendency. Thus, he says, that a full persuasion, 
that the Deity secs every thing we do, is the strongest in¬ 
centive to virtue; for he insists, that the most profligate 
have power to refrain their hands, and hold their tongues, 
when they think they are observed, or overheard, by some 
person whonrthey fear or respect. With how much more 
reason then, says he, should the apprehension and belief, 
that God sees all things, restrain men from sin, and con- 
stantly excite them to their duty 1 He also represents this 
belief, concerning the Deity, as productive of the greatest 
pleasure imaginable, especially to the virtuous, who might 
depend with greater confidence on the favour and protec¬ 
tion of Providence. For this reason, he recommends no¬ 


thing so much as meditation on the presence of God: and 
he recommended it to the civil magistrate, as a restraint 
on such as were profane and wicked, to have the follow¬ 
ing inscription written, in large characters, at the corner 
of every street ; God sees thee, O Sinner. 

Thcon wrote notes and commentaries on some of the 
ancient mathematicians. He composed also a book, en¬ 
titled Progymnasmata, a rhetorical work, written with 
great judgment and elegance; in which he criticised on 
the writings of some illustrious orators and historians; 
pointing out, with great propriety and judgment,' their 
beauties and imperfections; and laying down proper rules 
for propriety of style. He recommends conciseness of 
expression, and perspicuity, as the principal ornaments. 
This book was printed ul Basle, in the year 1541; but the 
best edition is that of Leyden, in 1626, in 8vo. 

THEOPHRASTUS, a celebrated Greek philosopher, 
was the son of Mclanthus, and was born at Eretus in 
Baeotia. He was at first the disciple of Lucippus, then 
of Plato, and lastly of Aristotle; whom he succeeded in 
his school, about the 322d year before the Christian era, 
and taught philosophy at Athens with great applause. He 
said of an orator without judgment, “ that he was a horse 
without a bridle.” He used also to say, u There is no¬ 
thing so valuable as time, and those who lavish it arc the 
most inexcusable of all prodigals.”—He died at about 100 
years of age, 

Theophrastus wrote many works, the principal of which 
are the following.— 1. An excellent moral treatise enti¬ 
tled, Characters, which, he says in the preface, he com¬ 
posed at 99 years of age. Isaac Casuubon has written 
learned commentaries on this small treatise. It has been 
translated from the Greek into French, by Bruyere; and 
it has also been translated into English.—2. A curious 
treatise on Plants.—3. A treatise on fossils or stones ; of 
which Dr. Hill has given a good edition, with an English 
translation, and learned notes, in 8vo. 

THEOREM, a proposition which terminates in theory, 
and which considers the properties of things already made 
or done. Or, a theorem is a speculative proposition, de¬ 
duced from several definitions compared together. Thus, 
if a triangle be compared with a^urallclogram standing 
on the same base, and of the same altitude, and partly 
from their immediate definitions, and partly from other 
of their properties already determined, it is inferred that 
the parallelogram is double,the triangle; that proposition 
is a theorem. * 

Theorem stands contradistinguished from problem, 
which denotes something to be done or constructed, as a 
theorem proposes something to be proved or demonstrated. 

There arc two things to be chiefly regarded in every 
theorem, viz, the proposition, and the demonstration. In 
the first is expressed what agrees to some certain thing, 
under certain conditions, and what does not. In the latter, 
the reasons are laid down by which the understanding 
comes to conceive that it dot's or does not agree to it. 
Theorems are of various kinds: os, 

Universal Theorem, is that which extends to any 
quantity without restriction, universally. As this, that 
the rectangle or product of the sum and difference of any 
two quantities, is equal to the difference of their squares. 

Particular Theorem, is that which extends only to a 
particular quantity. As this, iu an equilat eral rectilinear • 
triangle, each angle is equal to 60 degrees* 

Negative Theorem, is that which expresses theimpos- 
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sibility of any assertion. As, that the- sum of tivo biqua¬ 
drate numbers cannot make a square number. 

Local Theorem, is that which relates to a surface. 
As, that triangles of the same base and altitude are equal. 

Plane Theorem, is that which relates to a surface that 
is either rectilinear or bounded by the circumference of a 
circle. As, that all angles in the same segment of a circle 
are equal. 

Solid Theorem, is that which considers a space ter¬ 
minated by a solid line; that is, by any of the three conic 
sections. As this, that if a right line cut two asymptotic 
parabolas, its two parts terminated by them shall be 
equal. 

Reciprocal Theorem, is one whose converse is true. 
As, that it a triangle have two sides equal, it lias also 
two angles equal : the converse of which is likewise true, 
viz, that if the triangle have two angles equal, it has also 
two sides equal. 

THEORY, a doctrine which terminates in the sole 
speculation or consideration of its object, without any 
view to the practice or application of it. To be learned 
in an art, &c, the theory is sufficient ; to be a master of 
it, both the theory and practice arc requisite.—Ma¬ 
chines often promise very well in theory, but fail 
in the practice.—We say, theory ,of the moon, theory 
of the rainbow, of the microscope, of the camera ob- 
scura, &c. 

Theories of the Planets , &c, arc systems or hypotheses, 
according to which the astronomers explain the reasons 
of the plicnomenu or appearances of them. 

THERMOMETER, an instrument for measuring the 
temperature of the air, &c, as to heat and Cold. 

The invention of the thermometer is attributed to se¬ 
veral persons by different authors, viz, to Sunctorio, Ga¬ 
lileo, father Paul, and to Urcbbcl. Thus, the invention 
is ascribed to Cornelius Drebbel of Alcmar, about the 
beginning of the 17th century, by his countrymen Bocr- 
huave(bhem. 1 , pa. 15?, 1$6), and Musschcnbroek (In- 
trod. ad Phil Nat. vol. 2 , pa. 625).—Fulgcnzio, in his 
Life of Father Paul, gives hun the honour of the lirst dis¬ 
covery.—Vinccnzio Viviani (Vit. de 1'Galil. pa. 67 ; also 
Oper. di Galil. prof. pa. 47) speaks of Galileo as the 
inventor of thermometers.—But Sanctorino (Com. in 
Galen. Art. Med. pa. 736, 842, Com. in Avicen. Can. 
Fen. 1 , pa. 22 , 78. 219) expressly assumes to himself 
this invention : and Borelli (I)e Mot. Animal. 2, prop. 
173) and Malpighi (Oper. Posth. pa. 30) ascribe it to 
him without reserve. Upon which L)r. Martinc remarks, 
that these Florentine academicians are not to be sus¬ 
pected of partiality in favour of one of the Patavinian 
school. • 

But whoever was the first inventor of this instrument, 
jt was at first very rude and imperfect; und as the various 
degrees of heat were indicated by the different contraction 
or expansion of air, it was afterwards found to be an un¬ 
certain and sometimes a deceiving measure of heat, be¬ 
cause the bulk of the air was affected, not only by the 
difference of heat, but also by the variable weight of the 
atmosphere.—There arc various kinds of thermometers, 
the construction, defects, thepry, &c f of which, are as 
follow. 

The Air Thermometer. —This instrument depends on 
the rarefaction of the air. It consists of a glass tube be 
(fig. 1, pi. 3ff) connected at one end with a lurge glass 
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ball a • and at the other end immersed in an open vessel, 
or terminating in a ball df j with a narrow orifice at i>; 
which vessel, or b ill, contains any coloured liquor that 
will not easily freeze. Aquafortis tinged of a line blur 
colour with solution *»i vitriol or copper, or spirit of wine 
tinged with cochineal, will answer this purpose. But the 
ball a must be first moderately warmed, so that a part of 
the air contained in it may be expelled through the ori¬ 
fice i) ; and then the liquor pressed by the weight of the 
atmosphere, will enter the ball de, and rise, lor example, 
to the middle of the tube at c, at a mean temperature of 
the weather; and in this state the liquor by its weight, 
and the air included in the ball anti tube arc, by ns 
elasticity, will counterbalance the weight of the atmo¬ 
sphere. As the-surrounding air becomes warmer, the air 
in the ball and the upper part of the tube, expanding by 
heat, will drive the liquor into the lower ball, und conse¬ 
quently its surface will descend ; on the contrary, as the 
ambient air becomes colder, that in the ball is condensed, 
and the liquor, pressed by the weight of the atmosphere, will 
ascend: so that the liquoniithe tube will kscend or descend 
more or less, according to the state of the air contiguous to 
instrument. To the tube is affixed a scale of the same 
length, divided upwards and downwards, from the middle 
c, into 100 equal parts, by means of which muy be ob¬ 
served the ascent and descent of the liquor in the tube, 
and consequently the variations also in the temperature of 
the atmosphere. 

A similar thermometer may be constructed by putting 
a small quantity of mercury, not exceeding the bulk of a 
pea, into the tube BC (fig. 4, pi. 39), bent into wreaths, 
that taking up the less height, it may be the more manage¬ 
able, and less liable to harm ; divide this tube into any 
number of equal parts to serve for a scale. Here the ap¬ 
proaches of the mercury towards the ball a will show the 
increase of the degree of heat. The reason of which is 
the same ns in the former. 

The defect of both these instruments consists in this, 
that they are liable to be acted on by a double cause: 
for, not only a decrease of heat, but also an increase of 
weight of the atmosphere, will make the liquor rise in the 
one, and the mercury in tlieotherj and, on the contrary, 
cither an increase of heat, or dccrcaseof the weight of the 
atmosphere, will cause them to descend. 

For these, and other reasons, thermometers of this kind 
have long been disused. However, M. Amontons, in 
1702, with a view of perfecting the aerial thermometer, 
contrived his Universal Thermometer. Finding that the 
changes produced by heat and cold in the bulk of the air 
were subject to invincible irregularities, he substituted 
for these the variations produced by heat in the elastic 
force of this fluid. This thermometer consisted of a long 
tube of glass (fig. 3, pi. 39) open at one end, and recurved 
at the other end, which terminated in a ball. A certain 
quantity of air was compressed into this ball by the weight 
of a column of mercury, and also by the weight of the 
atmosphere. The effect of heat on this included air was 
to make it sustain a greater or less weight; and this effect 
was measured by the variation of the column of mercury 
in the tube, corrected by that of the barometer, with re¬ 
spect to the changes of the weight of the external air. 
This instrument, though much more perfect than tho 
former, is nevertheless subject to very considerable de¬ 
fects and inconveniences. Its length of 4 feet renders it 
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unfit fur a variety of experiments, ami its construction is 
difficult and complex: it is extremely inconvenient for 
carriage, as a very small inclination of the tube would 
suffer the included air to escape : also the friction o! the 
mercury in the tube, and the compressibility of the air, 
contribute to render the indications of this instrument ex¬ 
treme! > uncertain. Besides, the dilatation of the air is 
not so regularly proportional to its heal, nor is its dilata¬ 
tion by a given heat nearly so uniform as he supposed. 
This depends much on its moisture; for dry air does not 
expand mar so much by a given heat, as air stored with 
watery particles. For these, and other reasons, enume¬ 
rated by Deluc (llechcrches sur les Mod. do l'Atmo. 
tom. 1, pa. 278 c\:c), this instrument was imitated by 
very few, and never came into general use. 

Of the Florentine Thermometer. —The academists del 
Cimento, about the middle of the 17th century, consi¬ 
dering the inconvcniencics of the air thermometers above 
described, attempted another, that should measure heat 
and cold by the rarefaction and condensation of spirit ot 
wine; though much less than those of air, and conse¬ 
quently the alterations in the degree of heat likely to be 
much less sensible. 

The spirit of wine coloured, was included in a very 
fine and cylindrical gluss tube (lig. 2, pi. 39), exhausted 
of its air, having a hollow ball at one end a, and herme¬ 
tically sealed at the other end i>. The ball and lube arc 
filled with rectified spirit of wine to a convenient height, 
as to c, when the weather is of a mean temperature, 
which may be done by inverting the tube into a vessel of 
stagnant coloured spirit, under a receiver of the air-pump, 
or in any other way. When the thermometer is properly 
filled, the end d is heated red hot by a lump, and then 
hermetically sealed, leaving the included air of about \ of 
its natural density, to prevent the air which is in the spirit 
from dividing it in its expansion. To the tube is applied 
a scale, divided from the middle, into 100 equal parts, 
upwards and downwards. 

Now spirit of wine rarefying and condeivsing very con¬ 
siderably ; as the heat of the ambient atmosphere in¬ 
creases, the spirit will dijutc, and so ascend in the tube; 
and as the heat decreases, the spirit will descend; and 
the degree or quantity of the motion will be shown* by the 
attached scale. 

These thermometers could not be subject to any incon¬ 
venience by an evaporation of the liquor, or a variable 
gravity of the incumbent atmosphere. Instruments of 
this kind were first introduced into England by Mr. 
Boyle. and they soon came into general use among philo¬ 
sophers in other countries. They are however subject 
to considerable inconveniences, from the weight of the li¬ 
quor itself, and from the elasticity of the air above it in 
the tube, both which prevent the freedom of its ascent; 
besides, the rarefactions arc not exactly proportional to 
the surrounding heat. Moreover spirit of wine is inca¬ 
pable of bearing very great heat or very great Cold: it 
boils sooner than any other liquor; and therefore the de¬ 
grees of heat of boiling fluids cannot be determined by 
this thermometer. And though it retains its fluidity in 
pretty severe cold, yet it seems not to condense very re¬ 
gularly in them: and at Torneao, near the polar circle, 
the winter cold was so severe, as Maupcrtuis informs us, 
that the spirits were frozen in all their thermometers. So 
that the*degrees of heat and cold, which spirit of wine is 


capable of indicating, is much too limited to be of very 
great or general use. 

Another great defect of these, and other thermometers, 
is, that their degrees cannot be compared with each other. 

It is true they mark the variations of heat and cold; but 
each marks lor itself, and alter its own manner; because 
they do not proceed from any point of temperature that 
is common to all of them. 

From these and various other imperfections in these 
thermometers, it happens, that the comparisons of them 
become so precarious and defective: and yet the most 
curious and interesting use of them, is what ought to 
arise from such comparison. It is by ibis we should 
know the heat or cold of another season, of another year, 
another climate, &c ; and what is the greatest degree of 
heat or cold that men and other animals cun subsist in. 

Reaumur contrived a new thermometer, (fig. 3, pi. 39) 
in which the inconveniences of the former are proposed 
to he remedied. He took a large ball and tube, the con¬ 
tent or dimensions of which are known in e\cry part; he 
graduated the tube, so that the space from one division to 
another might contain a 1000th part of the liquor, which 
liquor would contain 1000 parts when it stood at the 
freezing point: then putting the ball of his thermometer 
and part of the tube into boiling water, he observed whe¬ 
ther it rose_ 80 divisions : if it exceeded these, he changed 
his liquor? and by adding water lowered it, till upon trial 
it should just rise 80 divisions ; or if the liquor, being 
too low, fell short of 80 divisions, he raised it by adding 
rectified spirit to it. The liquor thus prepared suited 
his purpose, and served for making a thermometer of any 
size, whose scale would agree with his standard. Such 
liquor, or spirits, being about the strength of common 
brandy, may easily be had any where, or made of a proper 
degree of density by raising or lowering it. 

The abbe Nollet made many excellent thermometers 
upon Reaumur*s principle. Dr. Martinc however ex¬ 
presses his apprehensions that thermometers of this kind 
cannot admit of such accuracy as might be wished. The 
balls or bulbs, being large, as 3 or 4 inches in diameter, 
arc neither heated nor cooled soon enough to show the 
variations of heat. Small bulbs and small lubes, he says, 
arc much more convenient, and may be.constructed with 
sufficient accuracy. Though it must be allowed that 
Reaumur, by his excellent scale, and by depriving the 
spirit of its air, and expelling the air by means of. heat 
from the ball and tube of his thermometer, has brought it 
to as much perfection as may be ; yet it is liable to some 
of the inconveniences of spirit thermometers, and is much 
inferior to mercurial ones. These two kinds do not 
agree together in indicating the same degrees of intense 
cold; for when the mercury has stood at 22° below 0, 
the spirit indicated only IS°, and when the mercury stood 
at 28° or 37° below 0, the spirit rested at 25° or 29 . 
See the description of Reaumur’s thermometer at large in 
Mem. de l’Acad. des Scienc. an. 1730, pa. 645, Hist. pa. 
15. Ib. an. 1731, po. 3$4, Hist. pa. 7. 

Mercurial Thermometer. —It is a toost important 
circumstance in the construction of thermometers, to pror 
cure a fluid that measures equal variations of heat by cor¬ 
responding equal variations in its own bulk: and the fluid 
which possesses this essential requisite in the most perfect 
degree, is mercury : the variations in its bulk approaching 
nearer to a proportion with the corresponding variations 
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of its heat, than any other fluid. Resides, it is the most 
easy to purge of its air; and is also the most proper tor 
measuring very considerable variations of heat and cold, 
as it will bear more cold before freezing, and more heat 
before boiling, than any other fluid. Mercury is also more 
' nsible tlu« r v cv’icr fluid, air exempted, or conforms 
more speedily (• aic several variations of heat. Moreover, 
as mercury is an homogeneous fluid, it will in every ther¬ 
mometer exhibit the same dilatation or condensation by 
' the same variations of heat. 

I)r. Halley, though apprised only of some of the re¬ 
markable properties of mercury above recited, seems t 
have been the first who suggested the application ol this 
fluid to the construction of thermometers. Philos. Trans, 
vol. 3, pa. 505. 

Bocrhaave (Chern. 1, pa. 72p) says, these mercurial 
thermometers were first contrived by Olaus Roeincr ; but 
the claims of Fahrenheit of Amsterdam, who gave an ac¬ 
count of his invention to the Royal Society in 1724, 
(Philos.'Frans. No.381,) have been generally allowed. 
And though Piius and others, in England, Holland, 
France, and other countries, have made this instrument as 
well as Fahrenheit, yet most of the mercurial thermome¬ 
ters are graduated according to his scule, and are culled 
Fahrenheit's thermometers. 

The colic or cylinder, which these thermometers arc 
often made with, instead of the ball, is made ot glass of a 
moderate thickness, lest, when the exhausted tube is her¬ 
metically sealed, its internal capacity should be diminished 
by the weight of the ambient atmosphere. When the mer¬ 
cury is thoroughly purged of its air and moisture by boil¬ 
ing, the thermometer is filled with a sufficient quantity of 
it ; and before the tube is hermetically scaled, the air is 
wholly expelled from it by heating the mercury, so that it 
may be rarefied and ascend to the lop of the tube. To the 
side of the tube is annexed a scale (fig. 7, pi. 39), which 
Fahrenheit divided into 600 parts, beginning with that of 
the severe cold which he had observed in Iceland in 1709, 
or that produced by surrounding the bulb of the thermo¬ 
meter with a mixture of snow or beaten ice and sal am¬ 
moniac or sea salt. This lie apprehended to be the great¬ 
est degree of cold, and accordingly he marked this, as the 
beginning of.his scale, with 0; the point at ••/..,ch mercury 
begins to boil, he conceived to show the greatest degree of 
heat, and'this he made the limit of his scale. The distance 
between these, two points he divided into (>00 equal parts 
or degrees ; and by trials lie found at the freezing point, 
when water just begins to freeze, or snow or icc just be¬ 
gins to thaw, that the mercury stood at 32 of these divi¬ 
sions, therefore called the degree of the freezing point ; 
and when the tube was immersed in boiling water, tiie 
-mercury rose to 212, which therefore is the boiling point, 
and is just 180 degrees above the former or freezing point. 
But the present method of making the scale of these ther¬ 
mometers, which is the kind in most common use, is first 
toiinmerge the bulb of the thermometer in ice or snow 
just beginning to thaw, and mark the place where the mer¬ 
cury stands with 32 ; then immerge it in boiling wafer, 
and again mark flic place where the mercury stands in the 
tube, which mark with the No. 212, exceeding the for¬ 
mer by 180; dividing therefore the intermediate space 
into 180 equal parts, will give the scale of the thermome¬ 
ter, and which may afterwards be continued upwards and 
downwards at pleasure. 


Other thermometers of a similar construction have beep 
accommodated to common use, having but a portion 
the above scale. They ha\e bicn made oi a small m7 ** 
and portable form, and adapted with appendages to par¬ 
ticular purposes ; and the tube with its annexed «ca!e bn- 
often been enclosed inanother thicker g!a*s tube, also her¬ 
metically sealed, to preserve the thermometer from injui) . 
And all these are called Fahrenheit’s theimonu ters. 

In 1733 M. Delisle of Petersburg constructed a mer¬ 
curial thermometer (see fig. 3, pi. 34\ on the principles 
of Reaumur's spirit thermometer. In Ins thermometer, 
the whole bulk of quicksilver, when itnmerged in boiling 
water, is conceived to be divided into 100,000 parts ; and 
from this one fixed point the various degrees of heat, either 
above or below it, are marked in these parts on the tub- 
or scale, by the various expansion or contraction of ih- 
quicksilver in all imaginable varieties of heat—Dr. Mar¬ 
line apprehends it would have been better if Dclislc bud 
made the integer 100,000 parts, or fixed point, at freezing 
water, and from thence computed the dilatations or con¬ 
densations of the quicksilver in those parts; as all Un¬ 
common observations of the weather, Stc, would have been 
expressed by numbers increasing as the heat increased, in¬ 
stead of decreasing, or counting the contrary way. How¬ 
ever, in practice it will not be very easy to determine ex¬ 
actly all the divisions from the alteration of the bulk of 
the contained fluid. And besides, as glass itself is dilated 
by beat, though in a less proportion than quicksilver, it is 
only the excess of the dilatation of the contained fluid 
above that of the glass that is observed ; and therefore it' 
different kinds of glass be differently a fleeted by a given 
degree of beat, this will make a seeming difference in the 
dilatations of the quicksilver in the thermometers con¬ 
structed in the Newtonian method, either by Reaumur's 
rules or Delislc’s. Accordingly it lias been found, that 
the quicksilver in Deltsle’s thermometers has stood at dif¬ 
ferent degrees of, the scule when immerged in thawing 
snow : having stood in some at 154°, while in others it 
has been at 156 or even 158°. 

Metallic Thermometer. —This is a name given to a 
machine composed of two metals, which, while it indicates 
the variations of heat, serves to correct the errors hence 
resulting in the going of pendulum clocks and watches. 
Instruments of this kind have been contrived by Graham, 
Lc Roy, Fllicot, Harrison, and other eminent artificers. 
See the Philos, 'l’rans. vol. 44, pa. 6S9, and vol. 45, pa. 
129, and vol. 51, pa. 823, where the particular descrip¬ 
tions &c may be seen. 

M. Deluc has likewise described two thermometers of 
metal, which he uses for correcting the effects of heat upon 
a barometer, and an hygrometer of his construction con¬ 
nected with them. See Philos. Trans, vol. 68, pa. 437. 

Oil Tit eh mom ETrus. —To this class belongs Newton’s 
thermometer, constructed in 1701, with linseed oil, in¬ 
stead of spirit of wine. This fluid has the advantage of 
being sufficiently homogeneous, and capable of 15 times 
greater rarefaction than that of spirit of wine. It has not 
been observed to freeze even in very great colds; and it 
sustains a great heat, about 4 times that of water, before 
it boils. With these advantages it was made use of by 
Sir 1. Newton, who discovered by.it the comparative de¬ 
gree of heat for boiling'water, melting wax, boiling spirit 
of wine, and melting tin ; beyond which it docs not np- 
pear that this thermometer was applied. The method hr 
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used for adjusting the scale of this oil thermometer, was 
:is follows : supposing the bulb, when immerged iii thaw¬ 
ing snow, to contain 10,000 parts, he found the oil ex¬ 
panded by the heat of the human body so as to take up a 
jyth more space, or 10256 such parts; and by the heat 
of water boiling strongly 10725 ; and by tbe heat of melt¬ 
ing tin 11516. So that, reckoning the freezing point as a 
common limit between heat ami cold, he began liis scale 
there, marking it 0 , and the heat of the human body he 
made 12 °; and consequently, the degrees of heat being 
proportional to the degrees of rarefaction, or 256 : 725 : : 
12 : 34, this number 3+ will express the heat of boiling 
water; and, by the same rule, 72 that of melting tin. 
Philos. Trans. No. 270. 

There is an insuperable inconvenience attending all 
thermometers made with oil, or any other viscid fluid, viz, 
that such liquor adheres loo much to the sides of the tube, 
and so inevitably disturbs the regularity and uniformity 
of the thermometer. 

Of the fixed points of Thermometers. —Various me¬ 
thods have been proposed by different authors, for finding 
a fixed point or degree of beat, from which to reckon the 
other degrees, and adjust the scale; so that different ob¬ 
servations and instruments might be compared together. 
Mr. Boyle was very sensible of the inconvcniencics arising 
from the want of a universal scale and mode of gradua¬ 
tion ; and he proposed either the freezing of the essential 
oil of aniseeds, or of distilled water, as a term to begin the 
numbers at, and from thence to graduate them according 
to the proportional dilatations or contractions of the in¬ 
cluded spirits. 

Dr. Halley (Philos. Trans, vol. 3.) seems to have been fully 
apprised of the bad effects of the indefinite method of con¬ 
structing thermometers, and wished to have them adjusted 
to some determined points. What he seems to prefer, for 
this purpose, is the degree of temperature found in subter¬ 
ranean places, where the heat in summer or cold in winter 
appears to have no influence. But this degree of tem¬ 
perature, Dr. Marline shows, is a term for the universal 
construction of thermometers, both inconvenient and 
precarious, as it cannot be easily ascertained, and as 
the difference of soils and depths may occasion a con¬ 
siderable variation. Another term of heat, which he 
thought might be of use in a general graduation of ther¬ 
mometers, is that of boiling spirit of wine that has been 
highly rectified. 

The first trace that occurs of the method of actually 
applying fixed points or terms to the thermometer, and 
of graduating it, so that the unequal divisions of it might 
correspond to equal degrees of heat, is the project of Rc- 
naldini, professor at Padua, in 1694 : it is thus described 
in the Acta Erud. Lips. “ Take a slender tube, about 4 
palms long, with a ball fastened to the same; pour into 
it spirit of wine, enough just to fill the ball, when sur¬ 
rounded with ice, and not n drop over: in this state seal 
the orifice of the tube hermetically, and provide 12 ves¬ 
sels, each capable of containing a pound of water, and 
somewhat more; and into the first pour 11 ounces of cold 
water, into the second 10 ounces, into the third 9 > &c ; 
this done, imraerge the thermometer in the first vessel, and 
pour into it one ounce of hot water, observing how high 
the spirit rises in the tube, and noting the point with 
unity ; then remove the thermometer into the second ves¬ 
sel, into which are to be poured 2 ounces of hoi water, 


and note the place the spirit rises to with 2 : by thus pro¬ 
ceeding till the whole pound of water is spent, the instru¬ 
ment will be found divided into 12 parts, denoting so many 
terms or degrees of heat; so that at 2 the heat is double 
to that at I, at 3 triple, &c.” ' 

But this method, though plausible, Wolfius shows, is 
deceitful, and built on false suppositions ; for it takes for 
granted, that we have one degree of heat, by adding one 
ounce of hot water to 11 of cold ; two degrees by adding 
2 ounces to 10 , &c : it supposes also, that a single degree 
of heat acts on the spirit of wine, in the ball, with a single 
force; a double with a double force, &c : lastly it sup¬ 
poses, that if the effect be ptoduced in the thermometer 
by the heat of the ambient air, which is here produced by 
the hot water, the air has the same degree of heat with the 
water. 

Soon after this project of llenaldini, viz, in 1701, New¬ 
ton constructed his oil thermometer, and placed the base 
or lowest fixed point of his scale at the temperature 
of thawing snow, and 12 at that of the human body, 
&c, us above explained.—Deluc observes, that the 2 d 
term of this scale, should have been at a greater distance 
from the first, and that the heat of boiling water would 
have answered the purpose better than that of the human 
body. 

In 1702, Amontonscontrivcdhis universal thermometer, 
the scale of which was graduated in the following man¬ 
ner. He chose for the first term, the weight that coun¬ 
terbalanced the air included in his thermometer, when it 
was heated by boiljng water : and in this stale he so ad¬ 
justed the quantity of mercury contained in it, till the sum 
of its height in the tube, and of its height in the barometer 
at the moment of observation, was equal to 73 inches. 
Fixing this number at the point to which the mercury in 
the tube rose by plunging it in boiling water, it is evident 
that if the barometer at this time was at 28 inches, the 
height of the column of mercury in the thermometer, 
above the level of that in the ball, was 45 inches; but if 
the height of the barometer was less by a certain qunntity, 
the column of the thermometer ought to be greater by the 
same quantity, and reciprocally. He formed his scale on 
the supposition, that the weight of the atmosphere was al¬ 
ways equal lo that of a column of mercury of 28 inches > 
and he divided it into inches from the point 73 down¬ 
ward, marking the divisions with 72, 71, 70, &c, and 
subdividing the inches into lines. But as the weight of 
the atmosphere is variable, the barometer must be observed 
at the same time with the thermometer, that the number 
indicated by this last instrument may be properly cor¬ 
rected, by adding or subtracting the quantity which the 
mercury is below or above 28 inches in the barometer. 
In this scale, then, the freezing point is at 514 inches, cor¬ 
responding to 32 degrees of Fahrenheit, and the heat of 
boiling water at 73 inches, answering to 212* of Fahren¬ 
heit’s ; and thus they may be easily compared together.. 

The fixed points of Fahrenheit’s thermometer, as has 
been already observed, are the congelation, produced by 
sal ammoniac and the heat of boiliDg water. The inter¬ 
val between these points is divided into 212 equal parts ; 
the former of these points being marked 0, and the other 
212 . 

Reaumur in his thermometer, the construction of which 
he published in 17S0, begins his scale at an artificial 
congelation of water in wu}ro weather, which, as he uses- 
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large bulUs tor his glasses, gives the freezing point much 
higher than it should be, and at boiling water he marks 
80 degrees, which point Dr. .Marline thinks is more vague 
and uncertain than his freezing point. In order to deter¬ 
mine the correspondence of his scale with that of Fah¬ 
renheit, it is to be considered that his boiling water heat, 
is really only the boiling heat of weakened spirit of wine, 
coinciding nearly, as Dr. Marline apprehends, with Fah¬ 
renheit's 180 degrees. And as his 10} degrees is the 
constant heat of the cave of the observatory at Paris, or 
Fahrenheit s 53', he thence finds his freezing point, in¬ 
stead of answering just to 32°, to be somewhat above 34°. 

In Celsius's thermometer (exhibited in plate 39. fig- 8), 
which is mercurial, the two fixed terms are the dcgice at 
which ice begins to thaw, and that which answers to 
the heal of boiling water. The interval between these 
two limits is divided into a hundred equal parts, and the 
zero of the* scale, which is the inferior limit, corresponds 
to 32° of Fahrenheit; so that 9 degrees of Fahrenheit's 
scale are equivalent to 5 degrees of Celsius’s. This ther¬ 
mometer is now generally called the Centigrade ther¬ 
mometer. 

Del isle’s thermometer, an account of which he present¬ 
ed to the Petersburg Academy in 1733, has only one fixed 
point, which is the heat of boiling writer, and, contrary 
to the common order, the several degrees arc marked 
from this point downward, according to the condensations 
of the contained quicksilver, ami consequently by num¬ 
bers increasing as the heat decreases. The freezing point 
of Dclisle's scale. Dr. Marline makes near to his 150°, 
corresponding to Fahrenheit's 32°, by means of which they 
inay be compared; but Ducrest says, that this point ought 
to be marked at least at 154". 

Ducrest, in his spirit thermometer, constructed in 1740, 
made use of two fixed points; the first, or 0, indicated 
the temperature of the earth, and was marked on his 
scale in the cave of the Paris Observatory; and the other 
was the heat of boiling wutcr, which thut spirit in his 
thermometer was made to endure, by leaving the upper 
part of the tube full of air. He divided the interval be¬ 
tween these points into 100 equal parts; calling the divi¬ 
sions upward, degrees of heat, and those below 0, degrees 
of cold.—It is said that he has since regulated his ther¬ 
mometer by the degree of cold indicated by melting ice, 
which he found to be 10}. 

The Florentine thermometers were of two kinds. In 
one sort the freezing point, determined by the degree at 
which the spirit stood in the ordinary cold of icc or snow 
(probably in a thawing state) and coinciding with 32° of 
Fahrenheit, fell at 20°; and in the other kind at 13{. 
And the natural heat of the viscera of cows and deer, &c, 
raised the spirit in the latter, or less sort, to about 40°, 
coinciding with their summer beat, and nearly with 102° 
in Fahrenheit's; and in their other or long thermometer, 
the spirit, when exposed to the greut midsummer heat in 
their country, rose to the point at which they marked 80°. 

in the thermometer of the Paris Observatory, made of~ 
spirit of wine by Lahirc, the fluid always stands at 
48° in the cave of the observatory, corresponding to 53 
degrees in Fahrenheit's; and his 28° corresponded with 
51 inches 6 lines in Amontons' thermometer, and conse¬ 
quently with the freezing point, or 32° of Fahrenheit's. 

In Polcni s thermometer,, made after the manner of 
Amontons', but with less mercury, 47 inches correspond¬ 
ed, according to Dr.Marline, with 51 in that of Amontons, 
and 53 with 59f* 


j 

In the standard thermometer of the Royal Society of 
London, according to which thermometers were for a 
long time constructed in England, Dr. Martine found 
that 34$ degrees answered to 64° in Fahrenheit, and 0 
to 89- 

In the thermometers graduated for adjusting the de¬ 
grees of heat proper for exotic plants, &c, in stoves and 
greenhouses, the middle temperature of the air is marked 
at 0, and the degrees of heat and cold are numbered 
both above and below. Many of these are made on no 
regular and fixed principles. But in that formerly much 
used, called Fowler's regulator, the spirit fell, in melting 
snow, to about 34° below 0; and Dr. Martine found that 
his l6° above 0, nearly coincided with 64° of Fahren¬ 
heit. 

Dr. Hales (Statical Essays, vol. 1, pa. 58), in his ther¬ 
mometer, made with spirit of wine, and used in experi¬ 
ments on vegetation, began bis scale with the lowest de¬ 
gree of freezing, or 32° of Fahrenheit, and curried it up 
to 100°, which he marked where the spirit stood when 
the ball was heated in hot water, upon which some wax 
floating first began to coagulate, and this point Dr. Mar¬ 
tine found to correspond with 142° of Fahrenheit. But 
by experience it is found that Hales’s 10 O falls consider¬ 
ably above 142. 

In the Edinburgh thermometer, made with spirit of 
wine, and used in the meteorological observations pub 
lished in the Medical Essays, the scale is divided into 
inches and tenths. In melting snow the spirit stood at 
8 T l 0 , and the heat of the human skin raised it to 2^^. 
Dr. Martine found that the heat of the person who gra¬ 
duated it, was 97 of Fahrenheit. 

The new French thermometer, called the Centigrade 
Thermometer, contains 100 degrees between the freezing 
and boiling points of water ; and those degrees further 
divided decimally by a vernier, &c. 

From the abstract of the history of the construction of 
thermometers, it appears that freezing and boiling water 
have furnished the distinguishing points that have been 
marked upon almost all thermometers. The inferior 
fixed point is that of freezing, whichsome have determined 
by the freezing of water, and others by the melting of ice, 
plunging the ball of the thermometer into the water and 
icc, while melting, which is the best way. The superior 
fixed point of almost all thermometers, is the heat of boil¬ 
ing water. But this point cannot be considered ns fixed 
and certain, unless the heat be produced by the same de¬ 
gree of boiling, and under the same weight of the atmo¬ 
sphere ; for it is found that the higher the barometer, or 
the heavier the atmosphere, the greater is the heat when 
the water boils. It is now agreed therefore that the ope¬ 
ration of plunging the ball of the thermometer in the 
boiling water, or suspending it in the steam of the same 
in an enclosed vessel, should be performed when the water 
boils violently, and when the barometer stands at 30 
English inches, in a temperature of 56° of the atmo¬ 
sphere, marking the height of the thermometer then for 
the degree of 212 of Fahrenheit; the point of melting 
ice being 32 of the same; thus having 180 degrees be¬ 
tween those two fixed points, so determined. This was 
Mr. Bird's method, who it is apprehended first attended 
to the state of the barometer, in the making of thermo¬ 
meters. But these* instruments may be made equally 
true under any pressure of the atmosphere, by making a 
proper allowance for the difference in the height of the 
barometer from 30 inches. M. Deluc, in his Rccherchcs 
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sur les Mod. do FAtmosphcrc, from a series of experi¬ 
ments, has given an equation for the allowance on ac¬ 
count of this difference, in Paris meusure, which has been 
verified by sir George Shuckburgh, Philos. Trans. 1 775 
aiI 77$; also Dr. Horsley, Dr. Maskelyne, and sir George 
Shuckburgh have adapted the equation and rules, to 
English measures, and have reduced the allowances into 
tables for the use of the artist. Dr. Horsley's rule, de¬ 
duced from Dcluc’s, is this: log.z “ 92 , 804 = 

//, where h denotes the height of a thermometer plunged 
in boiling water, above the point of melting ice, in de¬ 
grees ot Bird's Fahrenheit, and z the height of the ba¬ 
rometer in lOtlis of an inch. From this rule he has com¬ 
puted the following table, for finding the heights, to which 
a good Bird's Fahrenheit will rise,when immersed in boil¬ 
ing water, in all states of the barometer, from 27 to 31 
English inches; which will serve, among other uses, to 
direct instrument-makers in making a true allowance for 
the effect of the variation of the barometer, if they should 
be obliged to finish a thermometer at a time when the ba¬ 
rometer is above or below 30 inches; though it is best to 
fix the boiling point when the barometer is at that 
height. 

Equation of the Boilim ' Point. 


llifoiiirtcr. 

Equation. 

Difference. 

310 

-+- 1*57 

0-78 

30*5 

0*79 

079 

30*0 

000 

0*80 

29*5 

— o*8o 

0*82 

29*0 

- 1*62 

0*83 

28*5 

— 2*45 

0*85 

280 

— 331 

0*86* 

27-5 

— 4* 16 

0*88 

27'0 

- 5 04 



The numbers in the first column of this tabic express 
heights of the quicksilver in the barometer in English 
inches and decimal parts : the 2d column shows the equa¬ 
tion to be applied, according to the sign prefixed, to 212° 
of Bird’s Fahrenheit, to find the true boiling point for 
every such state of the barometer. The boiling point for 
all intermediate states of the barometer may be had with 
sufficient accuracy by taking proportional parts, by means 
of the 3d column of differences of the equations. See 
Philos. Trans, vol. 64, art. 30; also Dr. Maskely lie's paper, 
vol. 64, art. 20. 

Sir Geo. Shuckburgh (Philos. Trans, vol. 69, pa. 362) 
lias also given several tables and rules relating to the boil¬ 
ing point, both from his own observations and Dduc’s, 
from which is extracted the following tabic, for the use of 
artists in constructing the thermometer. 


Height of 
the Barom. 

Corr. of the 
Boiling Point. 1 

Differences. 

Correct, accord. 
10 Dcluc. 

Differences. 

200 

- 7*09 

091 

- 6*83 

090 

265 

- 6*18 

0\<n 

- 5*93 

0*8 9 

270 

- 5-27 

0*90 

- 5*04 

0*88 

27*5 

- 4*37 

0*89 

— 4* l6 

0*87 

28*0 

- 3*48 

0-89 

— 3*31 

0*86 

28 5 

- 2*59 

0*87 

- 2*45 

0*83 

290 

— 1*72 

0*87 

- 1*62 

0*82 

2 95 

- 0*85 

0 85 

— 0*80 

0*80 

300 

0*00 

0 85 

000 

0*79 

30*5 

-+- 0*85 

084 

-+- 0*79 

' 0*78 

31*0 

1*60 


4 - 1*57 



The Royal Society too, fully sensible of.the import¬ 
ance of adjusting the fixed points of thermometers, ap¬ 
pointed a committee of seven gentlemen to consider of 
the best method for this purpose; and their report may 
be seen in the Philos. Trans, vol. 6/, art. 37. 

They observe, that though the boiling point be placed 
so much higher on some ot the thermometers now made, 
than on others, yet this docs not produce any consider¬ 
able error in the observations of the weather, at least in 
this climate; for an error of \ \ degree in the position of 
the boiling point, will make an error only *of half a de¬ 
gree in the position of 92°, and of not more than a quar¬ 
ter of a degree in the point of 62°. It is only in nice 
experiments, or in trying the heat of hot liquors, that 
this error in the boiling point can be of tnuch significa¬ 
tion. 

In adjusting the freezing, as 
well as the boiling point, the 
quicksilver in the tube ought to 
he kept of the same heat as that in 
the ball. When the freezing point 
is placed at a considerate distance 
from the , ball, the pounded ice 
should be piled up very near to it; 
if it be not so piled, then the ob¬ 
served point, to be very accurate, should be corrected," 
according to the annexed tabic. 

The correction in this tabic is expressed in 1000th 
parts of the distance between the freezing point and the 
surface of the ice: ex. gr. if the freezing point stand 6 
inches above the surface of the icc, and the heat of the 
room be 62, then the point of 32 should be placed 6 x 
•00261, or *01566 of an inch below the observed point. 

The committee further observe, that in examining the 
heat of liquors, care should be taken that tbc quicksilver 
in the tube of the thermometer be heated to the same de¬ 
gree as that in the ball; or if this cannot be done conve¬ 
niently, the observed heat should be corrected on that 
account; for the manner of doing which, and a tabic 
calculated for that purpose, see Philos. Trans, vol. 67, 
art. 37. 

It was for some time thought, especially from the expe¬ 
riments at Petersburg, that quicksilver suffered a cold of 
several hundred degrees below 0 before it congested und 
became fixed 1 and malleable ; hut later experiments have 
shown that this persuasion was merely owing to a decep¬ 
tion in tlfb experiments, and later ones have made it ap¬ 
pear that its point of congelation is no lower than — 40°, 
or rather — 39°, of Fahrenheit's scale. But that it will 
bear however to be cooled a few degrees below that point, 
to which it leaps up again on beginning to congeal; and 
that its rapid descent in a thermometer, through many 
hundred degrees, when it has once passed the above-men¬ 
tioned limit, proceeds merely from its great contraction in 
the act of freezing. Sec Philos. Trans.-vol. 73» art. *20, 
20 , 21 . 

Miscellaneous Observations . 

It is absolutely necessary that those who would deriye 
any advantage from these instruments, should agree in 
using the same liquor, and in determining, according to 
the same method, the two fundamental points. If they 
agree in these fixed points, it is of no great importance 
whether they divido the interval between them into a 
greater or 'a less number of equal parti. The scale of 
Fahrenheit, in which the fundamental interval between 
212°, the point of boiling water, and 32° that of melting. 


Hca ‘ oflhe Correction. 

Air. 

42° *00087 

52 *0017-4 

62 00261 

72 *00348 

82 *00435 
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ice, is divided into ISO parts, should be retained in the 
northern countries, where Fahrenheit's thermometer is 
used: and the scale in which the fundamental interval is 
divided into SO parts, will serve for those countries where 
Reaumur's thermohneter is adopted. Hut no inconve¬ 
nience is to be apprehended from varying the scale lor par¬ 
ticular uses, provided care be taken to signify into what 
number of parts the fundamental interval is divided, and 
the point where 0 is placed. 

With regard to the choice of tubes, it is best to have 
them exactly cylindrical through their whole length. 

The capillary tubes ate preferable to others, because they 
require smaller bulbs, and they are also more sensible, 
and less brittle. The most convenient size for common 
experiments has the internal diameter about the 40lh or 
50th of an inch, about 9 inches long, and made of thin 
glass, that the rise and fall of the mercury may be better 
seen. 

For the whole process of filling, marking, and graduating, 
see Deluc’s Recherches &c, tom. 1, pa. 393, &c. 

To change the Degrees of one Thermometer to another. 

The most usual thermometers employed in Europe, are, 
Fahrenheit’s, Reaumur's, and the new French or Centi¬ 
grade. Now the range or spucc on the tube, between 
the points of freezing and boiling water, in the first is di¬ 
vided into 180 degrees, in the second 80, and in the last 
100, which three numbers are in the proportion of the 
three 9, 4, 5 ; by means of which small proportional 
numbers, therefore, any number of degrees of one of 
these scales, is easily changed into the corresponding 
number of either of the others ; viz, by saying, as the 
proportional number of the latter, is to that of the former, 
so is the proposed degrees of the former, to those on the 
latter : observing, however, that when Fahrenheit’s is one 
of the thermometers compared, which begins with the 
freezing point at 32, where the other two begin with 0, 
then the degrees of Fahrenheit must be diminished or in¬ 
creased by 32, ns the case may require. 

Also the same may be done by the following simple 
theorems; in which n denotes the degrees in Reaumur’s 
scale, F those of Fahrenheit’s, and c those of the Centi¬ 
grade thermometer. __ , 

1 ..... r = S R ■+■ 32 = ? c 32. 

2 .K = $ (f - 32) = * C. 

3 .. = i(F *- 32)= i n. - 

Experiments with Thermometers. 

The following is a table of some observations made 
with Fahrenheit's thermometer, the barometer standing at 
29 inches, or little higher. 

At 600° Mprcury boils. 

546 ' Oil of vitriol boils. 

242 Spirit of nitre boils. 

240 Lixivium of tartar boils. 

213 .Cow’s milk boils. 

212 Water boils. 

206 Human urine boils. 

190 brandy boils. 

175 Alcohol boils. 

156 Scrum of blood and white of eggs harden. 

146' Kills animals in a few minutes. 

108 to 99» Hens hatch eggs. 

107 f Heat of skin in ducks, geese, hens, pigeons, 

103 1 partridges, and swallows. 

106 Heat of skin in a common ague and fever. 


103 C Ilcat of skin in dogs, cats, sheep, oxen, swine, 
100 \ and most oilier quadrupeds. 

99 to 92 , Heat of the human skin in health. 

97 Heat uf a swarm ol bees. 

96 A perch died in 3 minutes in water so warm. 
80 Heat of air in the shade, in very nut weather. 
74 Butter begins to inclr. 

64 Heat of air in the shade, in warm weather. 

65 Mean temperature of air in England. 

43 Oil of olives begins to stiffen and grow opake. 

Water jus»t freezing, or snow and ice just 
melting. 

30 Milk freezes. 

28 Urine and common vinegar freeze. 

26 Blood out of the body freezes. 

20 Burgundy, Claret, and Madeira freeze. 

Greatest cold in Pennsylvania in 1731-2, 
lat. 40°. 

4 Greatest cold at Utrecht in 1728-9. 

A mixture of snow and salt, which can freeze 
oil of tartar per dcliquium, but not brandy. 

— 39 Mercury freezes. 

Marline’s Essays, pa. 284, &c. 

On the general subject of thermometers also sec Mar¬ 
lines Essays, Medical and Philosophical. Dcsaguliers's 
Exp. Phil. Vol. 2, pa. 289- Musschenbroeck’s Int. ad 
Phil. Nat. vol. 2, pa. G'25, i d. 1702. Deluc’s Recherches 
sur les Modif. &c, tom. I, part. 2, cli. 2. Nollel’s Le- 
yons dc Physique, tom. 4 , pa. 373. 

Til Kit mom r.TERs for particular uses . — In 1757, lord 
Cavendish presented to the Rovul Society an account ol 
a curious construction of thermometers, ol two different 
forms; one contrived to show the greatest degree of heat, 
and the other the greatest cold, that may happen at any 
time in a person’s absence. Philos. I runs. vol. 50, pa. 
30°. 

Since the publication of Mr. Canton’s discovery of the 
compressibility of spirits of wine and other fluids, there 
are two corrections necessary to l>c made in the result 
given by lord Cavendish's thermometer. For in estimating, 
for instance, the temperature of the sea at uny depth, the 
thermometer will appear to have been colder than it 
really was: and besides, the expansion of spirits of wine 
by any given number of degrees ol Fahrenheit’s thermo¬ 
meter, is greater in the higher degrees than in the lower. 
For the method of making these two corrections by Mr. 
Cavendish, see Phipps's Voyage to the North Pole, pa. 145. 

Instruments of this kind, for determining the degree of 
heat or cold in the absence of the observer, have been in¬ 
vented and described by others. Van Swindcn (Diss. sur 
la Comparaison du Therm, pa. 253 &c) describes ono, 
which he says was the first of the kind, made on a plan 
communicated by Bernoulli to Leibnitz. Mr. Kralt, he 
aho informs us, made one nearly like it. Mr. Six has, 
in 1782 , proposed another construction of a thermometer 
of the same kind, described in the Philos. Trans, vol. 72, 
pa. 72 &c. 

M. Deluc has described the best method of construct¬ 
ing a thermometer, fit for determining the temperature of 
the air, in the measuring of heights by the barometer. He 
has also shown how to divide the scale of a thermometer, 
so as to adapt it for astronomical purposes in the observa¬ 
tion of refractions. See Recherches &c, tom. 2, pa. 35 
and 205. 

Mr. Cavalio, in 1781, proposed the construction of a 
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'i hermometrical Barometer, which, by means of boiling 
water, might indicate the various gravity of the atmo¬ 
sphere, or the height of the barometer. Ibis thermo¬ 
meter, he observes, with its apparatus, might be packed 
up into a small portable box, and serve for determining 
the heights of mountains &c, with greater facility, than 
with the common portable barometer. The instrument, 
in its present state, consists of a cylindrical tin vessel, 
about 2 inches in diameter, and 5 inches high, in which 
vessel the water is contained, which may be made to boil 
by the flame of a large wax-candle. The the rmometer is 
fastened to the tin vessel in such a manner, as that its 
bulb may be about an inch above the bottom. The scale 
of this thermometer, which is of brass, exhibits on one 
side of the glass rube a few degrees of Fahrenheit's scale, 
viz, from 200 v to 216°. On the other side of the tube 
are marked the various barometrical heights, at which the 
boiling water shows those particular degrees of heat which 
are set down in sir Geo. Shuckburgh's table. With this 
instrument the barometrical height is shown within one- 
10th of an inch. The degrees of this thermometer are 
rather longer than one 9th of an inch, and therefore may 
be divided into many parts, especially by a Nonius. But 
n considerable imperfection arises from the smallness of 
the tin vessel, which does not admit a sufficient quantity of 
water; but when the quantity of water shall be sufficiently 
large, as for instance 10 or 12 ounces, and is kept boiling 
in a proper vessel, its degree of heat finder the same pres¬ 
sure of the atmosphere is very settled; whereas when a 
thermometer is kept in a small quantity of boiling water, 
the mercury in its stem docs not stand very steady, some¬ 
times rising or falling so much sis hall a degree. Mr. 
Cavallo proposes a further improvement of this instrument, 
in the Philos. Trans, vol. 71, pa. 524. 

The ingenious Mr. Wedgwood, so well known for his 
various improvements in the different sorts of pottery ware, 
has contrived to make a thermometer for measuring the 
higher degrees of heat, by means of a distinguishing pro¬ 
perty of argillaceous bodies, viz, the diminution of their 
bulk by fire. This diminution commences in a low red 
heat, and proceeds regularly, as the heat increases, till 
the clay becomes vitrified. The total contraction of some 
good clays which he has examined in the strongest of his 
own fires, is considerably more than one-fourth part in 
every dimension. By measuring the contraction of sucli 
6 ubst&nccs then, Mr. Wedgwood contrived to measure the 
most intense heats of ovens, furnaces, &c. For the cu¬ 
rious particulars of which, see Philos. Trans, vol. 72, pa. 
305 &c. 

In 17f)0 a paper was presented to the Royal Society of 
Edinburgh, describing two thermometers, newly invented, 
by Dr. John Rutherford, of Middle Balilish ; the one for 
registering the highest, and the other for registering the 
lowest degree of heat, tq which the thermometer husTisen 
or fallen during the absence of the observer. An account 
of them may be found in the third volume of the Trans¬ 
actions of the Society. 

A new self-registering thermometer has more lately 
been invented by Mr. Keith of Ravclstonc, which we 
consider as the most ingenious, simple, and perfect, of any 
that has hitherto appeared. Its simplicity is so great 
that it requires only a very short description to mukc it 
intelligible. 

An^fig. 5, pi. 39) is a thin glass tube about 14 inches 
long and Jibs of an inch caliber, close or hermetically 


sealed at the top. To the lower end, which is open, there 
is joined the crooked glass tube be, 7 inches long, and 
ihs of an inch caliber, and open at top. The tube ab 
is filled with the strongest spirit of wine, and the lube be 
with mercury. This is properly a spirit of wine thermo¬ 
meter, and the mercury is used merely to support a piece 
of ivory or glass, to which is affixed a wire for raising one 
index and depressing anothei, according as the mercury 
rises or falls. 1 ; is a small conical pu ce of ivory or glass, 
of such a weight as to float on the suif.icc of the mercury. 
To the float i> joined a wire called llie float-wire, which 
reaches upwards to 11 , where it terminates in a knee bint 
at right angles. . The float-wire, b) means ol an eye at a, 
moves easily along the small harpsichord wire CK. l n L 
arc two indexes made of thin black oiled silk, which slide 
upwards or downwards with a force not more than two 
grains. The one placed above tl e knee, points out the 
greatest rise, and the one placed below it points out the 
greatest fall of the thermometer. 

When the instrument is to he prepared for an observa¬ 
tion, both indexes are to -be brought close to the knee it. 
It is evident that when the mercury rises, the float and 
float-wire, which can he moved With the smallest force, 
will be pushed upwards till the mercury becomes sta-. 
tionnry. As the knee of the float-wire moves upwards, 
it will carry along with it the upper index L. When the 
mercury again subsides, it leaves the index at the highest 
point to which it was raised, for it will not descend by its 
own weight. As the mercury falls, the float-wire does the 
same ; it therefore brings along with it the lower index L, 
and continues to depress it till it again become stationary, 
or ascend in the lube; in which case it leaves the lower 
index behind it as it had formerly left the upper. The 
scale to which the indexes point is placed parallel to the 
slender harpsichord wire. It may be seen more distinctly 
in fig. 6. That the scale and indexes may not be injured 
by the wind and rain, a cylindrical glass cover, close at 
top* and made so as exactly to fit the part ig, is placed 
over it. 

Mr. Leslie, the author of the very ingenious Treatise on 
Heat, has invented a differential thermometer lor the 
measurement of minute variations of temperature. It con¬ 
sists of two tubes, each terminating in a smull bulb of the 
same dimensions, joined by the blow-pipe, and bent in 
the form of a u, a small portion of dark coloured liquor 
having previously been introuduccd into one of the bulbs. 
After many trials, the fluid best adapted to the purpose 
wus found to be a solution of carmine in concentrated 
sulphuric acid. By managing the included air with the 
heat of the hand, this red liquor is made to stand at tho 
required point of the opposite tube. This is the zero of 
a scale fastened to that tube, and divided into equal parts 
above and below that point. The instrument is then 
fixed on a stand. It is manifest, that when the liquor is 
at rest, or points at zero, the column is pressed in oppo¬ 
site directions by two portions of air equal in elasticity, 
and containing equal quantities of caloric. Whatever 
heat then may be applied to the whole instrument, pro¬ 
vided both bulbs receive it in the same degree, the liquor 
must remain at rest. But if the one ball receive the 
slightest excess of temperature; the air which it contains 
will be proportionally expanded, and will push the liquor 
against the air in the other full with alorce varying as the 
difference between the temperatures of these two portions of 
air: thus the equilibrium will be destroyed, and the fluid 
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will rjsc in the opposite tube. The degrees of the scale 
through which it passes will mark the successive augmen¬ 
tations in the temperature ot the ball which is exposed 
to the greatest heat. So that this instrument is a balance 
of extreme delicacy for comparing the temperatures of ns 
two scales. 

When thermometers arc contrived to measure very groat 
decrees of heat by the expansions they produce in sub¬ 
stances, or, on the contrary, the expansions corresponding 
to different temperatures, they are denominated Pyrometers. 
See the descriptions of the principal of these under their 
proper article.—On the subject ol thermometer?, sec also 
my Philosophical Recreations, &c. vo). 4, pa. 43, *cc. 

THERMOSCOPE, the same as Thermometer. 

THIR, in Chronology, the name of the 5th month of 
the Ethiopians, which corresponds, according to Ludolf, 
to the month of January. 

THIRD, in Music, a concord resulting from.a mixture 
of two sounds containing an interval of 2 degrees: being 
called a third, because containing 3 terms, or sounds, be- 
tween the extremes. 

There is a greater and a less third. The former takes 
its form from, the sesquiquarta ratio, 4 to 5. I he loga¬ 
rithm or measure of the octave \ being 1 * 00000 , ihe mea¬ 
sure of the greater third £ will he 0*32193.— I lie greater 
third is by practitioners often taken for the third part of 
an octave; which is an error, since three greater thirds 
fall short of the octave by a diesis; for ± x £ x £ x 
11 s — a 
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The lesser third takes its form from the sesquiquinta 
ratio 3 to 0 ; the measure or logarithm ot this lesser third 
* being 0-26.303, that of the octave } being 1 * 00000 .— 
lloth these thirds arc of great use in melody ; making as 
it were the foundation and life ot harmony. 

Til IHD-Point, or Tierce-point , in Architecture, the 
point of section in the vertex of an equilateral triangle.— 
Arches or vaults of the third point, arc those consisting 
of two arches of a circle, meeting in an angle at lop. 

THREE-legged-Stuff, an instrument consisting of three 
wooden legs, made with joints, so as to shut up together, 
and to take off in the middle for the better carriage. It 
has usually a ball and socket on the top; and its use is to 
support and adjust instruments for astronomy, survey¬ 
ing, &c. . 

THUNDER, a noise in the lower region of the air, ex¬ 
cited by a sudden explosion of electrical clouds; which 
arc therefore called thunder-clouds.—The phenomenon of 
thunder is variously accounted for. Seneca, Rohault, 
and some other authors, both ancient and modern, ac¬ 
count for thunder, by supposing two clouds impending 
over each other, the upper and rarer of which, becoming 
condensed by a fresh accession of air raised by warmth 
from the lower parts of the atmosphere, or driven upon it 
by the wind, immediately falls forcibly down upon the 
lower and denser cloud ; by which fall, the air interposed 
between the two being compressed, that next the extre¬ 
mities of the two clouds is forced out, and leaves room 
for the extremity of the upper cloud to close tight upon 
the under; thus a great quantity of the air is enclosed, 
which at length escaping through some winding irregular 
vent or passage, occasions the noise called thunder. 

But this lame device could only reach at most to the 
case of thunder heard without lightning; and therefore 
recourse has been had to other modes of solution. Thus, 
it has been said that thunder is not occasioned by the full- 
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ing of clouds, but by the kindling of sulphurous exhala¬ 
tions, in the same manner as the noise of the aurum lul- 
minans. “ There are sulphurous exhalations/' sa^s New¬ 
ton, “always ascending in to tlie air when the earth is dry ; 
there they ferment with the nitrous acids, and, sometimes 
taking fire, generate thunder, lightning, &c. M 

The effects of thunder are so like those of fired gunpow¬ 
der, that Dr. Wallis thinks we need not scruple to ascribe 
them to the same cause; and the principal ingredients in 
gunpowder, we know, are nitre and sulphur ; charcoal 
only serving to keep the parts separate, for their better 
kindling. Hence, if we conceive in the air a convenient 
mixture of nitrous and sulphurous particles ; and those, 
by any cause, to be set on tire, such explosion may well 
follow, and with such noise and light as attend the tiring 
of gunpowder; and being once kindled, it will run from 
place to place, different ways, as the exhalations happen 
to lead it; much as is found in a train of gunpowder. 

But a third, and most probable opinion is, that thunder 
is the report or noise produced by an electrical explosion 
in the clouds, liver since the year 1732, in which the 
identity of the matter of lightning and of the electrical 
fluid has been ascertained, philosophers have generally 
agreed in considering thunder as a concussion produced 
in the air by an explosion of electricity, ior the illus¬ 
tration and proof of this theory, see Llectiucity, and 
Lightning. 

It may here be observed, that Mr. Henry Eeles, in a 
letter written in 1731, and read before the Royal Society 
in 1732, considers the electrical lire as the cause ol thun¬ 
der, and accounts for it on this hypothesis ; and he tells 
us, that he did not know of any other person’s having made 
the same conjecture^ Philos. Trans, vol.47, p. 324 Nc. 
—That rattling in the noise of thunder, which makes it 
seem as if it passed through arches, or were variously 
broken, is probably owing to the sound being excited 
amon" clouds hanging over one another, and the agitated 
air passing irregularly between them .—1 he explosion, if 
high in the air, and remote from us, will do no mischief; 
but when near, it may destroy trees, animals, &c. 

This proximity, or small distance, may be estimated 
nearly by the interval of time between seeing the flash of 
lightning and hearing the report of the thunder, estima¬ 
ting the distance after the rate of 1 142 feet per second of 
time, or3y seconds to the mile. Dr. Wallis observes, that 
commonly the difference between the two is about 7 se¬ 
conds, which, at the rate above mentioned, gives the dis¬ 
tance almost 2 miles. But sometimes it comes in a second 
or two, w hich argues the explosion very near us, and even 
among us. And in such cases, the doctor assures us, he 
has sometimes foretold the mischiefs that followed. 

The noise of thunder, and the flame of lightning, are 
easily made by art. It a mixture of oil or spirit of vitriol 
be made with water, and some filings of steel added to it, 
there will immediately arise a thick smoke, or vapour, out 
of the mouth of the vessel ; and it a lighted candle be ap¬ 
plied to this, it .will take fire, and the flame will imme¬ 
diately descend into the vessel, which will be burst to pieces 
with a noise like that of a cannon. '1 his is so tar analogous 
to thunder and lightning, that a great explosion and lire 
are occasioned by it; but in this they differ, that this 
matter when once fired is destroyed, and can give no more 
explosions ; whereas, in the heavens, one clap of thunder 
usually follows another, and there is a continued succes¬ 
sion of them for a long time. Mr. Horn berg explained this 
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by the lightness of the air above us, in comparison of that 
near, which therefore woul<l not suffer all the matter so 
kindled to be dissipated at once, but keeps it for several 
returns. 

I HUNDERBOLT. When lightning acts with extra¬ 
ordinary violence, and breaks or shatters any thing, it is 
called a thunderbolt, which the vulgar, to fit it for such 
effects, suppose to be a hard body, and even a stone.— 
lJut that we need not have recourse to a hard solid body 
to account for the effects commonly attributed to the thun¬ 
derbolt, will be evident to any one, who considers those 
ot the pulvis fulminans, and of gunpowder; bill more 
especially the astonishing powers of electricity, when only 
collected and employed by human art, and much more 
when directed and exercised in the course of nature.— 
When we consider the known effects of electrical explo¬ 
sions, and those produced by lightning, we shall be at no 
loss to account lor the extraordinary operations vulgarly 
ascribed to thunderbolts. As siones and bricks struck by 
lightning arc often found in a vitrified state, wc may 
reasonably suppose, with B^ccaria, that some stones in the 
eairh, having been struck in this manner, gave occasion 
to the vulgar opinion of the thunderbolt. 

I it UN ni \i-Clouds t in Pbysiology, are those clouds which 
are in a state lit lor producing lightning and thunder.— 
from Beccana's exact and circumstantial account of the 
external appearances ot thunder-clouds, the following par¬ 
ticulars arc extracted. The first appearance of a thunder 
storm, which usually happens when there is little or no 
wind, is one dense clouu, or more, increasing very fast in 
size, and rising into the higher regions of the air. The 
lower surface is bluck and nearly level ; but the upper 
finely arched, and well defined. Many of these clouds 
often seem piled upon one another, all arched ih the same 
manner; but they are contiually uniting, swelling, and ex¬ 
tending their arches. 

At the time of the rising of this cloud, the atmosphere 
is commonly full of a great many separate clouds, that are 
motionless, and of whimsical shapes. All these, on the 
appearance of the thunder-cloud, draw towards it, and 
become more uniform in their shapes as they approach ; 
till, coming very near the thunder-cloud, their limbs mu¬ 
tually stretch towards each other, and they immediately 
coalesce into one uniform muss. These he callsadscititious 
clouds, from their corning in, to enlarge the size of the 
thunder-cloud. But sometimes the thunder-cloud will 
swell, and increase very fast, without the conjunction of 
any adscititious clouds; the vapours in the atmosphere 
forming themselves into clouds wherever it passes. Some 
of the adscititious clouds appear like white fringes, at the 
skirts ot the thunder-cloud, or under the body of it, but 
they keep continually getting darker and darker, as they 
approach to unite with it. 

When the thunder-cloud isgrown to a great size, its lower 
surface is often ragged, particular parts being detached 
towards the earth, but still connected with the rest. Some¬ 
times the lower surface swells into various large protube¬ 
rances bending uniformly downward ; and sometimes one 
w iole side of the, cloud will have an inclination to the 

wi ? n<l thc - cxlrc,nit y of it warly touch the ground. 

len the eye is under the thunder-cloud, after it isgrown 
arger and well formed, it is seen to sink lower, and to 
darken prodigiously; at the same-time that a number of 
small adscititious clouds (the origin of which can never be 
perceived) arc seen in a rapid motion, driving about in 


very uncertain directions under it* While these clouds 
arc agitated with the most rapid motions, the rain com¬ 
monly falls in the greatest plenty, and if the agitation be 
exceedingly great, it commonly hails. 

While the thunder-cloud is swelling, and extending its 
branches over a large tract of country, the lightning is x 
seen to dart from one part of it to another, and often to 
illuminate its whole mass. When the cloud has acquired 
a sufficient extent, the lightning strikes between the cloud 
and the earth, in two opposite places, the path of the 
lightning lying through the whole body of the cloud and 
its branches. The longer this lightning continues, the 
less dense docs the cloud become, and the less dark rts ap¬ 
pearances ; till at length it breaks in different places, and 
shows a clear sky. 

These thunder-clouds were sometimes in a positive as 
well as a negative state of electricity. The electricity * 
continued Jonger of the same kind, in proportion as the 
thunder-cloud was simple, and uniform in its direction ; 
hut when the lightning changed its place, there commonly 
happened a change in the electricity of the apparatus over 
which the clouds passed. It would change suddenly after 
u very violent flash of lightning, but the change would be 
gradual when the lightning was moderate, and the pro¬ 
gress of the thunder-cloud slow. Beccar. Lettere delT 
Llettricisino pa. 107 ; or Priestley's Hist, lilcc. vol. 1 , 
pa.3<)7- Sec also Lightning. 

Thunder-Housc, in Electricity, is an instrument in¬ 
vented by I)r. James Lind, for illustrating the manner in 
which buildings receive damage from lightning, and to 
evince the utility of metallic conductors in preserving 
them from it. 

A (fig. 1, pi. 40), is a board about -J of an inch-thick, 
and shaped like the gable end of a house. This board is 
fixed perpendicularly on the bottom board b, upon which 
the perpendicular glass pillar cd is also fixed in a bole 
about 8 inches distant from-the basis of the board a. A 
square hole ilmk, about a quarter of an inch deep, and 
nearly one inch wide, is made in the board a, and is filled 
with a square piece of wood, nearly of the same dimen¬ 
sions. It is nearly of the same dimensions, because it 
must go s6 easily into the hole, that it may drop off, by 
the least shaking of the instrument. A wire lk is fastened 
diagonally to this square piece of wood. Another wire 
in of the same thickness, having a brass ball ii, screwed 
on its pointed extremity, is fastened upon the board a: so 
also is the wire mn, which is shaped in a ring at o. From 
the upper extremity of the glass pillar cd, a crooked wire 
proceeds, having a spring socket F, through which a 
double knobbed wire slips perpendicularly, the lower knob 
© of which falls just above the knob M. The gl^ss pillar 
dc must not be made very fast into the bottom board; but 
it must be fixed so that it may be pretty easily moved 
round its own axis, by which means the brass ball G may 
be brought nearer to or farther from the ballon, without 
touching the part efo. Now when the square piece of 
wood lmik (which may represent the shutter of a window 
or the like) is fixed into the hole so that the wire i«k 
stands in the dotted representation im, then the metallic 
communication from h to o is complete, and the instru¬ 
ment represents a house furnished with a proper me¬ 
tallic conductorbut if the square piece of wood lmik 
be fixed so that the wire lk stands in the direction 
lk, as represented in the figure, then the metallic con¬ 
ductor no, from the top of the house to its bottom, is 
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interrupted at im, in which case the bouse is not properly 
secured. 

Fix the piece of wood lmik, so that its wire may be as 
represented in the figure, in which case the metallic con¬ 
ductor Ho is discontinued. Let the ball u be fixed at about 
half an inch perpendicular distance from the ball n ; then, 
by turning the glass pillar dc, remove the former ball from 
the latter; by a wire or chain connect the wire r.F with 
the wire q of the jar p; and let another wire or chain, 
fastened to the hook o, touch the outside coating of the 
jar. Connect tlie wire q with the prime conductor, and 
charge the jar; then, by turning the glass pillar DC, let 
the ball G come gradually near the ball H, and when they 
are arrived sufficiently near together, you will observe, 
that the jar explodes,and the piece of wood lmik is pushed 
out of the hole to a considerable distance from the thun¬ 
der-house* 

Now the ball g, in this experiment, represents an elec¬ 
trified cloud, which, when it is arrived sufficiently near the 
lop of the house a, the electricity strikes it ; and as this 
house is not secured with a proper conductor, the explo¬ 
sion breaks part of it, i. c. knocks off the piece of wood im. 

Repeat the experiment with only this variation, viz, that 
this piece of wood im be situated so that the wire i.k may 
stand in the situation im ; in which case the conductor 
mo is not discontinued; and you will observe that the ex¬ 
plosion will have no effect on the piece of wood lii ; this 
remaining in the hole unmoved; which shows the useful¬ 
ness of the metallic conductor. 

Farther, unscrew the brass ball 11 from the wire in, so 
that this may remain pointed, and with this difference only 
in 4 hc apparatus repeat both the above experiments, and 
you will find that the piece of wood im is in neither case 
moved from its place, nor will any explosion be heard ; 
which not only demonstrates the preference of conductors 
with pointed terminations to those with blunted ones, but 
also shows that a house, furnished with sharp terminations, 
though not furnished with a regular conductor, is almost 
sufficiently guarded against the effects of lightning. 

Mr. Henley, having connected a jar containing 509 
square inches of coated surface with his prime conductor, 
observed that if it was so charged as to raisp the index of 
his electrometer to 60°, by bringing the ball on the wire of 
the thunder-house, to the distance of half an inch from 
that connected with the prime conductor, the jar would be 
discharged, and the piece in the thunder-house thrown out 
to a considerable distance. Using a pointed wire for a 
conductor to the thunder-house, instead of the knob, the 
charge being the same as before, the jar was discharged 
silently, though suddenly ; and the piece was not thrown 
out of the thunder-house. In another experiment, having 
made a double circuit to the thunder-house, the first by 
the knob, the second by a sharp-pointed wire, at an inch 
and a quarter distance from each other, but of exactly the 
same height (as in fig. 2 ) the charge being the same ; 
though the knob was brought first under that connected 
with the prime conductor, which was raised half an inch 
above it, and followed by the point, yet no explosion could 
fall upon tbe knob ; the point drew off the whole charge 
silently* and the piece in the thunder-hoose remained un¬ 
moved.—Philos. Trans, vol. 64, pa. 136. See Poikts in 
Electricity. 

THURSDAY, the 5th day of the Christians" week, but 
the 6 th of the Jews/ The name is from Thor, one of the 
Saxon gods. 


THUS, in Sea-Language, a word used by the pilot in 
directing the helmsman or steersman to keep the ship in 
her present situation when sailing with a scant wind, ><> 

»that she may not approach too near the direction of the 
wind, which would shiver her sails, nor fall to leeward, 
and run farther out of her course. 

TIDES, two periodical motions of the waters of the 
sea ; called also the tlux and reflux, or the flow and ebb. 

The tides arc found to follow periodically the course of 
the sun and moon, both as to time and quantity. And 
hence it has been suspected, in all ages, that the tides were 
somehow produced by tbe influence ot these luminaries. 
Thus, several of the ancients, and among others, Pliny. 
Ptolemy, and Macrobius, were acquainted with the influ¬ 
ence of the sun and moon on tbe tides ; and Pliny sa\ s ex¬ 
pressly, that the cause of the ebb and flow is in the sun, 
which attracts the waters of the ocean ; and adds, that the 
waters rise in proportion to the proximity of the moon to 
the earth. It is indeed now well known, from the disco¬ 
veries of Newton, that the tides arc caused by the gravita¬ 
tion of the earth towaids the sun and moon. Indeed the 
sagacious Kepler, long ago, conjectured tins to be the 
cause of the tides: 44 If,’* say* he, 44 the earth ceased 
to attract its waters towards itself, all tile water in the 
ocean would rise and flow into the moon ; the sphere ol the 
moons attraction extends to our earth, and draws up the 
water/’ Thus thought Kepler, in his introd. ad Theor. 
Mart. This surmise, for it was then no more, is now 
abundantly verified in tbe theory laid down by Newton, 
and by Halley, as well as other eminent mathematicians, 
from his principles. 

As to the Phenomena qf the Ti DES : 1.1 he sea is observ¬ 
ed to flow, for about 6 hours, from south towards north ; 
the sea gradually swelling ; so that, entering the mouths ot 
rivers, it drives back the river-waters towards their heads, 
or springs. After a continual flux of 6 hours, the sea ap¬ 
pears to rest for about a quarter of an hour ; after which 
it begins to ebb, or retire back again, from north to south, 
for 6 hours more ; in which time, the waters sinking, the 
rivers resume their natural course. Then, after another 
seeming pause of a quarter of an hour, the sea again be¬ 
gins to flow, as before ; and so on alternately. 

2. Hence, the sea ebbs and flows twice a day, but fall¬ 
ing every day gradually later and later, by about 4S mi¬ 
nutes, the period of a flux and reflux being on an average 
about 12 hours 24 minutes, and the double of each 24 
hours and 48 minutes ; which is the period of a lunar day, 
or the time between the moon’s passing a meridian and 
coming to it again. So that the sea flows as often as the 
moon passes the meridian, both the arch above the horizon, 
and that below it ; and ebbs as often as she passes the ho¬ 
rizon, both on the eastern and western side. 

Other phenomena of the tides are as below; and the 
reasons of them will be noticed in the theory ot the tides 
that follows. 

3 . The elevation towards the moou a little exceeds the 
opposite one. • And the quantity of-the ascent ol the wa¬ 
ter is diminished from the equator towards the poles. 

4 . From the sun, every natural day, the sea is twice 
elevated, and twice depressed, the same ns for the moon. 
But the solar times are much less than the lunar ones, on 
account of the immense distance of tbe sun ; yet they are 
both subject to the same laws. 

5. The tides which depend on the actions of the sun 
and moon, arc not distinguished, but compounded, and se 
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forming as to sense one united tide, increasing and de¬ 
creasing, and thus making neap and spring tides: for, by 
the action of the sun, the lunar tide is only changed; 
which change varies every clay, by reason of the inequality 
between the natural and lunar clay. 

0. In the syzygics the elevations from the action of both 
luminaries concur, and the sea is more elevated. But the 
sea ascends less in the quadratures; for where the water 
is elevated by the action of the moon, it is depressed by 
the action of the sun ; and vice versa. Therefore, while 
the moon passes from the &yzygy to the quadrature, the 
daily elevations are continually diminished : on the con¬ 
trary, they are increased while the moon moves trom the 
quadrature to the syzygy. At a new moon also, cceteris 
paribus , the elevations are greater ; and those that follow 
one another the same day, are more different than at full 
moon. 

7. The greatest elevations and depressions are not ob- 
served till the 2d or 3d day alter the new or full moon. 
And if we consider the luminaries receding from the plane 
of the equator, we shall perceive that the agitation is di¬ 
minished, and becomes less, according as the declination 
of the luminaries becomes greater. 

8 . In the syzygies, and near the equinoxes, the tides are 
observed to be the greatest, both luminaries being in or 
near the equator. 

9. The actions of the sun and moon arc greater, the 
nearer those bodies arc to the earth ; and. the less, as they 
are further oft. Also the greatest tides happen near the 
equinoxes, or rather when the sun is a little to the south 
of the equator, that is, a little before the vernal, and after 
the autumnal equinox. But yet this docs not happen re¬ 
gularly every year, because some variation may arise from 
the situation of the moon’s orbit, and the distance of the 
syzygy from the equinox. 

10. All these phenomena obtain, as described, in the 
open sea, where the ocean is extended enough to he sub¬ 
ject to these motions. But the particular situations of 
places, as to shores, capes, straits, &c, disturb these gene¬ 
ral rules. Yet it is plain, from the most common and 
universal observations, that the tides follow the laws above 
laid down. 

11. The mean force of the moon to move the sea, is to 
thnt of the sun, nearly as 4$ to 1. And therefore, if the 
action of the sun alone produce a tide of 2 feet, which it 
has been stated to do, that of the moon will be 9 feet; 
from which it follows, that the spring tides will be 11 feet, 
and the neap tides 7 feet high. But as to such elevations 
os far exceed these, they happen from the motion of the 
waters against some obstacles, and from the sea violently 
entering into straits or gulphs where the force is not broken 
till the water rises higher. 

Theory qf the Tides. 

1. If the earth were entirely»fluid, and quiescent, it is 
evident that its particles, by their mutual gravity towards 
each other, would form the whole mass into the figure of 
an exact sphere. Then suppose some power to act on all 
the particles of this sphere with an equal force, and in pa¬ 
rallel directions; by such a power the whole mass will be 
moved together, but its figure will suffer no alteration by 
it, being still the same perfect sphere, whose centre will 
have the same motion as each particle. 

On this supposition, if the motion of the earth, round 
the common centre of gravity of the earth and moon, were 
destroyed, and the earth left to the influence of its gravi¬ 


tation towards the moon, as the acting power above men¬ 
tioned ; thin the earth would fall or move straight to¬ 
wards the moon, but still retaining its true spherical fi¬ 
gure. . 

But the fact is, that the effects of the moon’s action, as 
well as the action itself, on different parts of the earth, are 
not equal: those parts, by the general law of gravity, 
being most attracted that arc nearest the moon, and those 
being least attracted that are farthest from her, while the 
parts that arc at a middle distance arc attracted by a mean 
degree of force : besides, all the parts are not acted on 
in parallel lines, but in lines directed towards the cen¬ 
tre of the moon : on both which accounts the spherical 
figure of the fluid earth must sutler some change from the 
action of the moon. So that, in falling, as above, the 
nearer parts, being most attracted, would fall quickest; 
the farther parts, being least attracted, would fall slowest; 
and the fluid mass would be lengthened out, and take a 
kind of spheroidical form. 

Hence it appears, and what must be carefully observed, 
that it is not the action of the moon itself, but the inequa¬ 
lities in that action, that cause any variation from the 
spherical figure ; and that, if this action were the same in 
all the particles as in the central parts, and operating in 
the same direction, no such change would ensue. 

Let us now admit the parts of the earth to gravitate to¬ 
wards its centre : then, as this gravitation far exceeds the 
action of the moon, and much more exceeds the differ¬ 
ences of her actions on different parts of the earth, the 
effect that results from the inequalities of these actions of 
the moon, will be only a small diminution of the gravity of 
those parts of the earth which it endeavoured in the for¬ 
mer supposition to separate from ils centre ; that is, those 
parts of the eurth which are nearest to the moon, and those 
that are farthest from her, will have their gravity toward 
the eorlh somewhat abated, to say nothing of the lateral 
parts. So that supposing the earth fluid, the .columns 
from the centre to the nearest, and to the farthest parts, 
must rise, till by their greater height they be able to ba¬ 
lance the other columns, whose gravity is less altered by 
the inequalities of the moon’s action. And thus the figure 
of the earth must still.be an oblong spheroid. 

Considering now the earth, instead of falling toward the 
moon by its gravity, as projected in any direction, so as 
to move round the centre of gravity of the earth and 
moon: it is evident that in this case, (he several parts of 
the fluid earth will still preserve their relative positions; 
and the figure of the earth will remain the same as if it fell 
freely toward the moon; tbatis, the earth will still assume 
a spheroidal form, having its longest diameter directed to¬ 
ward the moon. 

From the above reasoning it appears, that the parts of 
the earth directly 
under the moon, as 
at ii, and also the 
opposite parts at d, 
will have the flood 
or high water at the 
same time; while 
the parts, at b and 
F, at 90 ° distance, 
or where the moon 
appears in the hori¬ 
zon, will have the 
ebbs or lowest wa- 
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tors at that time. lienee, as the earth turns round its 
axis front the inoon to the same body again in 24 hours 
48 minutes, this oval of water must sliilt with it; and 
thus there will be two tides of flood and two ol ebb in 

that time. . , 

Hut it is farther evident that, by the motion of the earth 
about her axis, the most elevated pait o( the water is car¬ 
ried beyond the moon in the direction of the rotation, bo 
that the water continues to rise after it lias passed di¬ 
rectly under the moon, though the immediate action of 
the moon there begins to decrease, and comes not to its 
greatest elevation till it has got about halt a quad¬ 
rant farther. It continues also to descend after it has 
passed at 90° distance from the point below the moon, to 
a like distance of about halt a quadrant. The greatest 
elevation therefore is not in the line drawn through the 
centres of the earth and moon, nor the lowest points 
where the moon appears in the horizon, but all these 
about half a quadrant removed eastward from these points, 
in the ’direction o! the motion of Rotation. Thus in open 
seas, where the water flows freely, the moon m is generally 
past the north and south meridian, ns at p, when the high 
water is at x and at n : the reason of which is plain, be¬ 
cause the moon acts with the same force after she has 
passed the meridian, and thus adds to the libratory or 
waving motion, which the water acquired when she was 
in tlie'incridian ; and therefore the time of high water is 
not precisely at the time of her coming to the meridian, 
but some tunc after, tzc. 

Besides, the tides answer not always to the same di¬ 
stance of the moon, from the meridian, at the same places; 
but arc variously affected by the action of the sun, which 
brings them on sooner when the moon is in her first and 
third quarters, and keeps them hack later when she is in 
her 2d and 4th ; because, in the former case the tide 
raised by the sun ulone would be earlier than the tide 
raised by the moon, and in the latter case later. 

, 2. We have hitherto adverted only to the action of the 
moon in producing tides ; but it is manifest that, for the 
same reasons, the inequality of the sun’s action on dif¬ 
ferent parts of the earth, would produce a like effect, and 
a like variation from the exact spherical figure of a fluid 
earth. So that in reality there arc two tides every na¬ 
tural day from the action of the sun, as there are in the 
lunar day from that of the moon, subject to the same 
laws; and the lunar tide, as wc have observed, is some- 
what changed by the action ol the sun, and the change 
varies every day on account of the inequality between 
the natural and the lunar day. Indeed the effect of the 
sun in producing tides, because of his immense distance, 
must be considerably less than that of the moon, though 
the gravity toward the sun be much greater : for it is 
not the action of the sun or moon itself, but the inequa¬ 
lities in 4hat action, that have any effect: the sun’s di¬ 
stance is ?o great, that the 4iaineler of the earth is but 
as a point in comparison with it, and therefore the dif¬ 
ference between the sun’s actions on the nearest and far¬ 
thest parts, becomes vastly less than it would be if the 
sun were as near as the moon. However the immense 
bulk of the sun makes the effect still sensible, even at so 
great a distance; and therefore, though the action of the 
moon has the greatest share in producing the tides, the 
action of the sun adds sensibly to it when they conspire 
together, as in the full and change of the moon, when 
they are nearly in the same line with the centre of the 


earth, and therefore unite their forces; consequently, in 
the syzjgies, or at new and full moon, the tides are the 
greatest, being what arc called the Spring-Tides. But 
the action of the sun diminishes the effect ol the moon s 
action in the quarters, because the one raises the water 
in that case where the other depresses it; therefore the 
tides are the least in the quadratures, and are called Neap- 
Tides. 

Newton has calculated the effects of the sun and moon 
respectively on the tides, from their attractive powers. 
The former he finds to be to the force of gravity, as 1 to 
12868200, and to the centrifugal force at the equator as 
1 to 44527- The elevation of the waters by ibis torce is 
considered by Newton as an effect similar to the elevation 
of the equatorial parts above the polhr parts of the earth, 
arising from the centrifugal force at the equator ; and as 
it is 44527 times less, he finds it to be 24{ inches, or 2 
feet and i an inch. 

To find the force of the moon on the water, Newton 


compares the spring-tides at the mouth of the river Avon, 
below Bristol, with the neap-tides there, and finds the pro¬ 
portion as 9 to 5 ; whence, after several necessary cor¬ 
rections, he concludes that the force of the moon to that 
of the sun, in raising the waters of the ocean, is as 4*4815 
to 1 ; so that the force of the moon is able of itself to 
produce un elevation ol 9 feet 1$ inch, and the sun and 
moon together may produce an elevation ol about 1 1 feet 
2 inches°whcn at their mean distances from the earth, or 
an elevation of about 12$ feet, when the inoon is nearest 
the earth. The height to which the water is found to rise, 
on coasts of the open and deep ocean, is agreeable enough 
to this computation. 

Dr. Horsley estimates the force of the moon to that of 
the sun, as 5 046.9 to I, in his edit, of Newton’s Prmcip. 
See the Princip. lib.3, sect 3. pr. 36 and 37 ; also Mac- 
laurin’s Dissert, de C^uisa Physica Fluxus et lleflu.xus 
Maris apud Phil. Nat. Princ. Ma li. Comment. 1c Seur & 
Jacquier, tom. 3, pa. 272- And other calculators make 
the proportion still more different. 

3 . It must be observed, that the spring-tides do not 
happen precisely at new and full moon, nor the nenp-tides 
at the quarters, but a day or two after ; because, as in 
other cases, so in this,.the effect is not greatest or least 
when the immediate influence of the cause is greatest or 
least. As, for example, the greatest heat is not on 
the day of the solstice, when the immediate action of the 
sun is greatest, but some time after; so likewise, if the 
actions of the sun and moon should suddenly cease, yet 
the titles would continue to have their course* for some 
time; and like also as the waves of the sea continue after 

a storm. , 

4. The different distances of the moon from the earth 

produce a sensible variation in the tides. When the moon 
approaches toward the earth, her action on every part in¬ 
creases, and the differences of that action, on which the 
tides depend, also increase ; and as the moon approaches, 
her action on the nearest parts increases more quickly than 
that on the remote parts, so that the tides increase in a 
hi n hcr proportion as the moon’s distances decrease. In 
fact, it is shown by Newton, that the tides increase in 
proportion as the cubes of the distances decrease; so 
that the moon at half her distance would produce a tide 
8 times greater. 

The moon describes an oval about the earth, and at her 
nearest distance produces a tide sensibly greater than at 
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lu-r greatest distance from tlic earth : and hence it is that 
two great spring-tides never succeed each other immediate¬ 
ly ; for if the inoon he at her least distance from the coTth 
at the change, she must be at her greatest distance at the 
full, having made half a revolution in the intervenin'* 
time, and therefore the spring-tide then will be much less 
than that at the last change was; ami for the same reason, 
it a great spring-tide happen at tin: time of full moon, the 
tide at the ensuing change will he less. 

5. I he spring-tides arc highest, and the neap-tides 
lowest, about the time of tlie equinoxes, or the latter end 
ol March and September; and, on the contrary, the 
spring-tides arc the lowest, and the neap-tides the highest, 
at the solstices, or about the latter end of dune and De¬ 
cember: so tIt 111 the dillerencc between the spring and 
neap tides, is much more considerable about the equinoc¬ 
tial than the solstitial seasons of the year. To illustrate 
and evince the truth of this observation, let us consider 
the effect of the luminaries on the tides, when in and out 
of the plane of the equator. Now it is manifest, that if 
either the sun or moon were in the pole, they could not 
have any effect on the tides; for their action would raise 
all the water at the equator, or at any parallel, quite 
around, to a uniform height ; and therefore any place of 
the earth, in describing its parallel to the equator, would 
not meet, in its course, with any part of the water more 
elevated than another; so that there could he no tide in 
any place, that is, no alteration in the height of the 
waters. 

On the other hand, the effect of the sun or moon is 
greatest when in the equinoctial ; for then the axis of the 
spheroidal figure, arising from their action, moves in the 
greatest circle, and the water is put into the greatest agi¬ 
tation ; and hence it is that the spring-tides produced 
when the sun and moon arc both in the equinoctial, arc 
the greatest of any, and the neap-tides the least of any 
about that time. And when the luminary is any where 
between the equinoctial and the pole, the tides arc the 
smaller. 

6. I lie highest spring-tides arc after the autumnal and 
before the vernal equinox : the reason of which is, because 
the sun is nearer the earth in winter than in summer. 

7- Sin^c the grentest of the tw,o tides happening in 
every diurnal revolution of the. moon, is that in which the 
moon is nearest the zenith or nadir; for this reason, 
while the sun is in the northern signs, the greater of the 
two diurnal tides in our climates, is that arising from the 
moon above the horizon; when the sun is in the southern 
signs, the greatest is that arising from the moon below 
the horizon. Thus it is found by observation that 
the evening tides in the summer exceed the morn¬ 
ing tides, and in winter the morning tides exceed the 
evening tides. The difference is found at Bristol to amount 
to 15 inches, and at Plymouth to 12. It would be still 
greater, but that the fluid always retains an impressed mo¬ 
tion for some time; so that the preceding tides affect al¬ 
ways those that follow them. Upon the whole, while the 
moon has a north declination, the greatest tides in the 
northern* hemisphere arc when she is above the horizon, 
and the reverse while her declination is south. 

8. buch would the tides regularly be, if the earth were 
all over covered with the sea very deep, so that the water 
might freely follow the influence of the sun ana moon ; 
but, by reason of the shoalness of some places, and the 
narrowness of the straits in others, through which the 
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tides are propagated, there arises a great diversity in the 
effect according to the various circumstances of the 
places. Thus, a very slow and imperceptible motion of 
the whole body of water, where it is very deep, as 2 miles 
for instance, will suflice to raise its surface 10 or 12 feet 
during the period of a tide : whereas, if the same quan¬ 
tity of water were to be conveyed through a channel of 
40 fathoms drop, it would require a very rapid stream to 
effect it in so large inlets as arc the English channel,and the 
German ocean; whence the tide is found to set strongest 
in those places where the sea grows narrowest, the same 
quantity of water being in that case to pass through a 
smaller passage. This is particularly observable in the 
straits between Portland and Cape la Hogue in Nor¬ 
mandy, where the tide runs like a sluice: and would be 
yet more so between Dover and Calais, if the tide coming 
round the island did not check it. 

This force, when once impressed, continues to carry the 
water above the ordinary height in the ocean, especially 
where the water meets a direct obstacle, as it docs in St. 
Malocs; and where it enters into a long channel which, 
running far into the land, becomes very strait at its ex¬ 
tremity, as it does into the Severn sea at Chepstow and 
Bristol. 

This shoalness of the sea, and the jntercurrent conti¬ 
nents; are the reasons that in the open ocean the tides* 
rise but to very small heights in proportion to what they 
do in wide-mouthed rivers, opening in the direction of 
the stream of the tide; and that high water is not soon 
after the moon's appulsc to the meridian, hut some hours 
after it, as it is observed on all the western Coast of Eu¬ 
rope and Africa, from Ireland to the Cape of Good Hope; 
in all which a south-west moon makes high wafer; and 
the same it is said is the case on the western side of Ame¬ 
rica So that tides happen to different places at all di¬ 
stances of the moon from the meridian, and consequently 
at all hours of the day. 

To allow the tides their full motion, the ocean in which 
they arc produced, ought to be extended from cast to west 
90 degrees at least; because that is the distance between 
the places where the water is most raised and depressed 
by the moon. Hence it appears that.it is only in the great 
oceans that such tides can be produced, and why in the 
larger Pacific ocean they exceed those in the Atlantic 
ocean./ Hence also it is obvious, why the tides arc not so 
great in the torrid zone, between Africa and America, 
where the ocean is narrower, as in the temperate zones on 
either side ; and hence we may also understand why the 
tides arc so small in islands that are very far distant from 
the shores.* It is farther manifest that, in the Atlantic 
ocean, the water cannot rise on one shore but by descend¬ 
ing on the other; so that at the intermediate islands it 
must continue at a mean height between its elevations on 
those two shores. But when tides pass over shoals, and 
through straits into bays of the sea, their-motion becomes 
more various, and their height depends on many circum¬ 
stances. 

• « 

To be more particular. The tide th&t.is produced on 
the western coasts of Europe, in the Atlantic, corresponds 
to the situation of the moon already described. Thus it 
is high water on the western coasts of Ireland, Portugal 
and Spain, about the ‘3d hour after the moon has passed 
the meridian ; from thence it flows into the adjacent chan¬ 
nels, as it finds the easiest passage. One current from it, 
for instance, runs up by the south of England, and ano- 
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ihcr comes in by the north of Scotland ; they take a con¬ 
siderable time to move through this extent, making al- 
wuys high water sooner in the places to which they lirst 
come ; and it begins to fall at these places while the cur¬ 
rents are still going on to others that are farther distant in 
their course. As they return, they are not able to raise 
the tide, because the water runs faster off than it returns, 
till, by a new tide propagated from the open ocean, the 
return of the current ts stopped, and the water begins to 
rise again. The tide propagated by the muon in the Ger¬ 
man ocean, when she is 3 hours past the meridian, tukis 
12 hours to come from thence to London bridge : so that 
when it is high water there, a new tide is already come to 
its height in the ocean ; and in some intermediate place it 
must be low water at the same time. Consequently when 
the moon has north declination, and wc should expect the 
tide at London to be the greatest when the moon is above 
the horizon, we find it is least; and the contrary when 
she lias south declination. 

At several places it is high water 3 hours before the 
inoon comes to the meridian ; hut that tide, which the 
moon drives as it were before her, isonly the tide opposite 
to thut which was raised by her w'ften she was 9 hours past 
the opposite meridian. 

It would he endless to recount all the particular solu¬ 
tions, which arc easy consequences from this doctrine : as, 
why the lakes and seas, such as the Caspian sea and the 
Mediterranean sea, the Black .sea and the Baltic, have 
little or no sensible tides: for lukes are usually so small, 
that when the moon is vertical she attracts every part of 
them ulike, so that no part of the water can be raised 
higher than another: and having no communication with 
the ocean, it can neither increase nor diminish their wa¬ 
ter, to make it rise and fall ; and seas that communicate 
by such narrow inlets, and are of so immense an extent, 
cannot speedily receive and empty water enough to raise 
or sink their surface in any sensible degree. 

In general; when the time of high water at any place 
is mentioned, it is to be understood on the days of new and 
full moons.—Among pilots, it is customary to reckon the 
time of flood, or high water, by the point of the compass 
the moon hears on, at thut time, allowing j of an hour for 
each point. Thus, on the full and change days, in places 
where it is flood at noon, the tide is said to flow north and 
south, or at 12 o’clock : in othfcr places,on the same days, 
where the moon hears 1, 2, 3, 4, or more points to the eust 
or west of the meridian when it is high water, the tide is 
said to flow on such point; thus, if the moon bears se, at 
flood, it is said to flow he and NW, or 3 hours before the 
meridian, that is, ut 9 o’clock ; if it bears sw, it flows siv 
and ne, or at 3 hours after the meridian ; and in like man¬ 
ner for the other points of the moon's bearing. . 

The times of high water in any place fall about the same 
hours after a period of about 15 days, or between one 
spring tideand another; but during that period, the times 
of high water fall each day later by about 48 minutes. 

On the subject of this article, see Newton Princ. Math, 
lib. 3, prop- 24, und De System. Mundi sect. 38, Ac, 
Apud Opera edit. Horsley, tom. 3, pa. 52 Sec, pa. 203 See. 
Maclaurin’s Account of Newton's Discoveries, hook 4, 
ch. 7. Ferguson’s Astron. ch. 17- Robertson's Navig. 
book 6, sect. 7, 8, 9- Lalande’s Astron. vol.4. See also 
the article Physical Astronomy in this dictionary. 

Tide Dial , an instrument contrived by Mr. Ferguson, 
for exhibiting uud determining the state of the tides : 
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for the construction and use of which, see his Astron. 

pa. 297. 

Tide Tables, aie tables commonly exhibiting the times 
of high water at sundry places, as they fall on the days 
of the full and change of the moon, and sometimes the 
height of them also. These are common in most hooks 
on navigation, particularly Robertson’s, and the tables re¬ 
quisite to he used with the Nautical Almanac. See one 
at HiGii-tcakr. 

TIERCE, «>r Teirce, a liquid measure, as of wine, oil, 
Sec, containing 42 gallons, or the od part of a pipv; 
whence its name. 

TIME, asutcission of phenomena in the universe; or 
a mode of duration, marked by certain periods and mea¬ 
sures; chiefly indeed by the motion and revolution of the 
luminaries, and particularly of the sun. 

The idea of time in general, Locke observes, we acquire 
by considering any part of infinite duration, as set out by 
periodical measures : the idea of any particular time, or 
length of duration, as a day, an hour, &c, wc acquire lirst 
by observing certain appearances at regular and seemingly 
equidistant periods. Now, by being able to repeat these 
lengths or measures of time as often as we will, wc can 
imagine duration, where nothing really endures or exists ; 
and thuswe imagine to-morrow, or next year, 6:c. 

Sonic of the later school-philosophers define tunc to he 
the duration of a thing w hose existence is neither without 
beginning nor end : by this, time is distinguished from 
eternity. 

Aristotle and the Peripatetics define it, numerus motus 
secundum prius et posterius, or a multitude of transient 
parts of motion, succeeding each other, in a continual flux, 
in the relation of priority and posteriority. Hence it 
should follow that tune is motion itself,or at least the du¬ 
ration of motion, considered as having several parts, some ut 
which are continually succeeding to others. But on this 
principle, time or temporal duration would not agne to 
bodies at rest, which yet nobody will deny to exist in time, 
or to endure for a time. • 

To avoid this inconvenience, the Epicureans and Cor- 
puscularians made time to he a kind ul flux different from 
motion, consisting of infinite parts, continually and imme¬ 
diately succeeding each other, and this from eternity to 
eternity. But others directly explode this notion, as esta¬ 
blishing an eternal being, independent of God. For how 
should there he a flux before any thing existed to flow ? 
and what should that flux he, a substu»cc,or an accident ? 
According to the philosophic poet, 

“ Time of itself is nothing, hut from thought 
Receives its rise ; by labouring fancy wrought 
From things consider’d, while we think on some 
As present, some as past, or yet to come. 

No thought can think on time, that’s still contest, 
But thinks on things in motion or at rest.” 

And so on. Vide Lucretius, hook i. 

Time may he distinguished, like place, into absolute und 
relative. 

Absolute Time, is time considered in itself, and without 
pny relation to bodies, or their motions. 

Rclulive or Apparent Time, is the sensible measure of 
any duration by means of motion. 

Some authors divide time into astronomical and civil. 

Astronomical Time, is thut which is taken purely from 
the motion of the heavenly bodies, without any other re¬ 
gard. 
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Civil Time, is the former time accommodated to civil 
uses, and termed or distinguished into years, months, 
OScc. 

Apparent 1 ime, is that deduced from the motion of the 
heavenly bodies, as of the sun : which is unequal. And 

Equal, Me tin, or lYue Time, is that which is shown by 
a C (, od clock, which it is supposed never varies in its rate 
of •roing. 

Equation of Time, is the difference between true and 
apparent time. 

Ii.m k, in Music, is an affection of sound, by-which 
it is said to be long or short, with regard to its continuance 
in the same tone or dogieeof tune. 

Musical time is distinguished into common or duple 
time, and triple time. 

Double , Duple, or Common Time, is when the notes are in 
a duple duration of each other, viz, a semibreve equal to 
2 minims, a minim to 2 crotchets, a crotchet to. *2 qua¬ 
vers, &c. . ’ .. 

' Common or double time is of two kinds. The first 
when every bar or measure is equal to a semibreve, .or its 
value in any combination of notes of a less quantity. The 
second is where every bar is equal to a minim,or its value 
in less notes. The movements of this kind of measure are 
various, but there arc three common distinctions; the 
first slow, denoted at the beginning of the line by the mark 
c ; the 2d brisk, marked 

thus^; and the 3d very brisk, thus marked 

Triple Time is when the durations of the notes are triple 
of each other, that is, when the semibreve is equal to 3 
minims, the minim to 3 crotchets, &c ; and it is marked t. 

Time -keepers, in a general sense, denote instruments 
adapted for measuring time. See Chronometer. In 
a more peculiar and definite sense, time-keeper is a term 
first applied by Air. John Harrison to his watches, con¬ 
structed and used for determining the longitude at sea, 
and for which he received, at different times, the parlia¬ 
mentary reward of 20 thousand pounds. And several 
other artists have since received also considerable sums for 
their improvements of time-keepers; as Arnold, Mudge, 
&c. See Longitude. r I his appellation is now become 
common among artists, to distinguish such watches ns are 
made with extraordinary care and accuracy for nautical 
or astronomical observations. 

The principles of Mr. Harrison's time-ket-per, as they 
were communicated by himself, to the commissioners'np~ 
pointed to receive and publish the same in the year 1705, 
arc as below: «« In this time-keeper there is the greatest 
care taken to avoid friction, as much as can be, by the 
wheel moving on small pivots, and in ruby-holes, and high 
numbers in the wheels and pinions. 

“ The part which measures time goes but the 8th part 
of a minute without winding up ; so that part is very sim- 
ple, as this winding-up is performed at the wheel next to 
the balance-wheel; by which means there is always an 
cquul force acting at that wheel, and all the rest of the 
work has no more to do in the measuring of time than the 
person that winds up onco a day. 

•n Th n re '* a *P rin 8 in tbe insi(,c of > be *fusee, which I 
will call a secondary main spring. This spring is always 

kept stretched to a certain tension by the main spring; 
and during the time of winding-up the tinic-kctper, ut 
which time the main-spring is not suffered to act, ibis se¬ 
condary spring supplies its place. 


“ In common watches in general, the wheels have about 
one-third the dominion over the balance, that the halance¬ 
spring has ; that is, if the power which the balance-spring 
lias over the balance he called three, that from the wheel 
is one: but in this my time-keeper, the wheels have only 
about one J8th part of the power over the balance that 
the. balance spring has ; and it must he allowed, tbe less 
the wheels arc connected with the balance, the better. 
The wheels in a common watch having this great domi¬ 
nion over the balance, they can, when the watch Is wound 
tip, and the balance ut rest, set the watch a-going ; but 
when my time-keeper's balance is at rest, and the spring 
is wound up, the force of the wheels can no more put it in 
motion, than the wheels of a common regulator can, when 
the weight is wound-up, set the pendulum a vibrating; 
nor will the force from the wheels move the balance when 
at rest, to a greater angle in proportion to the vibration 
that it is to fetch, than the force of the wheels of a com¬ 
mon regulator can move the pendulum from the perpen¬ 
dicular when it is at rest. 

“ My time-keeper’s balance is more than three times 
the weight of a large sized common watch balance, and 
three times its diameter; and a common watch balance 
goes through about 6 inches of space in a second, hut mine 
goes through about 24 inches in that time: so that had 
my instrument only these advantages over a common 
watch, a good performance might be expected from it. 
Hut my time-kt eper is not affected by the different degrees 
of heat and cold, nor agitation of the ship; and the force 
from the wheels is applied to the balance in such a man¬ 
ner, together with the shape of the balance-spring, and (if 
I may he allowed the term) an artificial cycloid, which 
acts at this spring; so that from these contrivances, let 
the hulancc vibiatc more or less, all its vibrations arc per¬ 
formed in the same time; and therefore if it go at all, it 
must go true. So that it is plain from this, that such a 
time-keeper goes entirely from principle, and not from 
chance.”—Those who may desire to see a minute account 
of the construction of Mr. Harrison’s time-keeper, may 
consult the publication by order of the commissioners of 
longitude. ' « 

We shull here subjoin a short view of the improvements 
in Mr. Harrison's watch, from the account presented to 
the board of longitude by Mr. Ludlam, one of the gen¬ 
tlemen to whom, by order of the commissioners, Mr. Har¬ 
rison discovered and explained the principle on which his 
lime-keeper is constructed. The defects in common 
watches which Mr. Harrison proposes to remedy, are chiefly 
these: 1. That the main spring acts not constantly with 
the same force on the wheels, and through them on the 
balance: 2. That the balance, cither urged with an un- 
cquul force, or meeting with a different resistance from the 
nir, or the oil, or the friction, vibrates through a greater 
or less arch : 3. That-thesc unequal vibrations are not per¬ 
formed in equal times : and, ♦. That the forctuof the ba¬ 
lance-spring is altered by a change of heat. 

To remedy tbe first defect, Mr. Harrison has contrived 
that his watch shall be moved by a very tender spring, 
which never unrolls itself more than one-eighth part of a 
turn, and acts upoti the balance through one wheel only. 
But such y spring cannot keep the watch in motion a long 
time. He has therefore, joined another, whose office is to 
wind up the first spring H times in every minute, and which 
is itself wound up but oncea^day. To remedy the second 
defect, he uses a much stronger balance spring than in a 
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cohimon watch. For if the force of this spring upon the 
balance remains the same, while the force of the other 
varies, the errors arising from that Variation will be the 
less, as the fixed force is the greater. But a stronger 
spring will require either a heavier or a larger balance. 
A heavier balance would have a greater friction. Mr. Har¬ 
rison therefore increases the diameter of it. In a common 
watch it is under an inch, but in Mr. Harrison's 2 inches 
2 tenths. However, the methods already described only 
lessening the errors, und not removing them, Mr. Harrison 
uses two ways to make the times of the vibrations equal, 
though the arches may be unequal: one is, to place a pin, 
so that the balance-spring pressing against it, has its force 
increased, but increased less when the variations arc larger: 
the other, to give the pallets such a shape, that the wheels 
press them with less advantage, when the vibrations are 
larger. To remedy the last defect, Mr. Harrison uses a 
bar compounded of two thin plates of brass and steel, 
about 2 inches in length, riveted in several places together, 
faste ned at one end and having two pins at the other, be¬ 
tween which the balance spring passes. If this bar be 
straight in temperate weather (brass changing its length 
by heat more than steel) the brass side becomes convex 
when it is heated, and the steel side when it is cold : and 
thus the pins lay hold of a different part of the spring in 
different degrees of heat, and lengthen or shorten it as the 
regulator does in a common watch. 

The principles on which Mr. Arnold’s time-keeper is 
constructed are these: The balance is unconnected with 
the wheel work, except at the time it receives the impulse 
to make it continue its motion, which is only while it vi¬ 
brates J0° out of 380° which is the whole vibration ; and 
during this small interval it has little or no friction, hut 
tvhat is on the pivots, which work in ruby holes on dia¬ 
monds. It has but one pallet, which is a plane surface 
formed out of a ruby, and has no oil on it. Watches of 
this construction, says Mr. Lyons, go while they are wound 
up ; they keep the same rate of going in every position, 
and arc not affected by the different forces of the spring ; 
and the compensation for heat and cold is absolutely ad¬ 
justable. Phipps’s Voyage to the North Polo, pa. 230. 
See Longitude. 

TISIU, or Tixri, in Chronology, the first Hebrew 
month of the civil year, and the 7th of the ecclesiastical 
or sacred year. It answered to part of our September and 
October. 

TOD of wool, is mentioned in the statute 12 Carol. II. 
c. 32, as a weight containing 2 stone, or 28 pounds. 

'I’OISE, a French measure, containing 6 of their feet, 
similar to our fathom.—The length of the French toise, is 
to the English fathom, as 1065 to 1000, or as 213 to 200. 

TON, ia 20 hundred weight, or 2240 lbs. 

TOND1N, or Tandiko, in Architecture. Sec Tore. 

TONE, or 'Pune, in Music, a property of sound, by 
which it comes under the relation of grave and acute; or 
the degree of elevation uny sound lias, from the degree of 
swiftness of the vibrations of the parts of the sonorous 
body.—For the cause, measure, degree, difference, &c, of 
toners, see Tu ne. 

The word Tone is taken in four different senses among 
the ancients. I, For any sound. 2, For a certain interval; 
as when it is said the difference between the diapeote and 
diatessaron is a tone. 3, l or a certain locus or compass 
of the voice; in which sense they used the Dorian, Phry¬ 
gian, Lydian tones. 4. For tension; a* when they speak 
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of an acute, a grave, or a middle tone. Wallis’s Append. 
Ptolcrn. Harm. pa. 172. 

'Pone is more particularly used, in music, fora certain 
degree or interval of tune, by which a sound may be either 
raised or lowered from one extreme of a concord to the 
other, so as still to produce true melody. In tempered 
scales of music, the tones arc made equal, but in a true 
and accurate practice of singing they are not so. IVpusch, 
in Philos. Trans. No. 481. Besides the concords, or har- 
inonical intervals, musicians admit thicc less kinds of in¬ 
tervals, which arc the measures and component parts of 
the greater, and are called degrees. Of these degrees, 
two arc called tones, and the third a semitone. Their 
ratios in number are 8 to 9* called a greater tone ; 9 to 10 
called a leaser tone; and 15 to l6, a semitone. 

The tones arise out of the simple concords, and are equal 
to their differences. Thus the greater tone, S : 9* is the 
difference of a 5th and a 4th; the less tone 9 : 10, the 
difference of a less 3d and a 4th, or of a 5th and a greater 
6th; and the semitone 15 : l6, the difference of a greater 
3d and a 4th. 

Of these tones and semitones every concord is com¬ 
pounded, and consequently every one is resolvable into a 
certain number iff them. Thus, the less 3d consists of one 
gicatcr tone and one semitone: the greater 3d, of one 
greater tone and one less tone: the 4th, of one greater 
tone, one less tone, and one semitone: ami the 5th, of 
two greater tout's, one less tone, and fine semitone. 

TONNAGE, of a ship, is the weight or loading it is 
supposed to bear. The rule commonly used for computing 
it, is to multiply the length of the keel by the breadth of 
the beam, and that again by half the same bicadth of the 
beam ; the last product divided by 94, gives the number 
of tons burthen, Thus, if the length ol keel be 100 feet, 

and the breadth of beam 30 ; then loo -^- x = 478, 

is the tonnage. 

TONSTALL (Cutiibert), a learned English divine 
and mathematician,^ was born in the year 1476. lie en¬ 
tered a student at the university of Oxford about the year 
14.91 ; but afterwards, being driven from tbence by the 
plague, be went to Cambridge, und shortly after to the 
university of Padua in Italy, which was then in a nourish¬ 
ing state of literature, where his genius and learning ac¬ 
quired him great respect from every one, particularly for 
his knowledge in mathematics, philosophy, and jurispru¬ 
dence. 

On his return home, lie met with great favours from the 
government, obtaining several church preferments, and 
the office of secretary to tli*; cabinet of the king, Henry 
the 8th. This prince, having also employed him on se¬ 
veral foreign embassies, was so well satisfied with his con¬ 
duct, that lie first gave him the bishopric of London in 
1522, and afterwards that of Durham in 15^0. 

Tonstall approved at first of the dissolution of the mar¬ 
riage of his benefactor with Catharine ofi>pa*n, und even 
wrote a book in favour of that dissolution; but he- after¬ 
wards condemned that work, and experienced a great re¬ 
verse of fortune. He was ejected from the see of Durham 
for his religion in the time of Edward the 6th, to which 
however lie was restored again by queen Mary in the be¬ 
ginning of her reign, but was again expelled in 1569 when 
queen Elizabeth was settled in her throne; and he died in 
a prison a few months after, in the 84th year of his age. 
Tonstall was doubtless one of the most learned men of 

3 X 



TOR 


TOR 


f 522. ] 


lii.s time. 4< He was/’ says Wood, il a very good Grecian 
ancJ Ebritian, ail eloquent rhetorician, a skillul mathema¬ 
tician, a noted civilian and canonist, and a profound di¬ 
vine. But that which inaketh lor his greatest commenda¬ 
tion, is, that Erasmus was his friend, uiid he a fast Iricnd 
to Erasmus, in an epistle to whom from Sir Tlmmiis More, 

I find this character of Tonstall, that, *• As there was no 
man more adorned with knowledge and good literature, 
no man more severe and of greater integrity for his lile and 
manners ; so there was no man a more sweet und pleasant 
companion, with whom a man would rather choose to 
converse." 

His writings that were published, were chiefly, 1. In 
Laudem Matrimonii, Loud. 1518, 4lo.— But that for 
which he is chiefly entitled to a place in this work, was 
his book on arithmetic, viz,—2. De Arte Supputandi, 
Lond. 1522, 4to, dedicated to Sir Thomas More. This 
was afterwards several times printed abroad.—3. A Ser¬ 
mon on Palm Sunday before king Henry the 8th, &c. 
Lond. 1539 and 1633, 4to.—4. De Veritate Co rporis & 
Sanguinis Domini in. Eucharistia. Lutet. 1554, 4to.— 
5. Compendium in decern Libros Ethicorum Aristotelis. 
Par. 1554, in Svo.—6. Contra impios Blasphematorcs 
Dei praidestinationis opera. Antw. 1555, 4to.—7. Godly 
and devout Prayers in English and Latin. 1558, in 8vo. 

TOPOGRAPHY, is a description or draught of some 
particular place, or small tract of land ; as that of a city, 
or town, manor or tenement, field, garden, house, castle, 
or the like; such as surveyors set out in their plots, or 
make draughts of, for the information and satisfaction of 
the proprietors. Topography differs from chorography, us 
a particular from a more general. 

TORELLI (Joseph), a respectable Italian mathema¬ 
tician, was born at Verona in November 1721, and died 
in Sept. 1781. His father was a mere Inin t, in good cir¬ 
cumstances, who died soon after his son's birth ; so that 
the care ofTorelli's education devolved on his mother; by 
whom his infant mind was most attentive ly cultivated, and 
to whose care might be ascribed many of those amiable 
qualities, which distinguished his more od\itnccd age. 
Having laid a good foundation by private instruction at 
Verona, he prosecuted his studies at the university of 
Padua, with great assiduity, in the various branches of li¬ 
terature and science. 

Having spent four years at Padun, where he conciliated 
the general esteem of the learned, mid where lie obtained 
a doctor's degree, lie returned to his own country. Being 
in easy circumstances, he declined engaging in any pro¬ 
fession, but devoted his.whole time and attention to gene¬ 
ral study, both of languages and mathematics. He be¬ 
came accordingly an excellent proficient in several of the 
ancient and modern tongues. The Greek and Hebrew lie 
well understood; he wrote Latin with ease and correct¬ 
ness; and his acquaintance \vith the French, Spanish, and 
English, enabled him to peruse the best writers with plea¬ 
sure add improvement. To bis knowledge of* the lan¬ 
guages he added a very extensive acquaintance with the 
arts and sciences ; so that he was no less distinguished as 
a mathematician and philosopher, than as a critical 
scholar. 

Torclli was author of a great number and variety of 
compositions, which sufficiently evince his distinguished 
abilities and application. But that from which be has ob¬ 
tained his chief celebrity, is an edition of the cdllebtccl* 
works of Archimedes, printed at Oxford, 1792, folio, in 
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Greek and Latin. The preparing of this work had been 
indeed the labour of most part of his life. Having been 
completely prepared for publication, and even the dia¬ 
grams cut which were to accompany the demonstrations, 
the manuscript was disposed of after his death to the cu¬ 
rators of the Clarendon press, by whose order it was printed 
under the immediate care of Dr. Robertson. 

It appears that there have been few persons, in any coun¬ 
try, or in any period of time, who were better qualified for 
preparing a correct edition of Archimedes. As a Greek 
scholar, he was capable of correcting the mistakes, sup¬ 
plying the defects, and illustrating the obscure passages, 
that occurred in treatises originally written in the Greek 
tongue: his knowledge of Latin, and a facility, acquired 
by habit, of writing in this language, rendered him a fit 
person to translate the Greek into pure and correct Latin ; 
and his comprehensive acquaintance with mathematics and 
philosophy qualified him for conducting the whole work 
with judgment and accuracy. 

TORNADO, a violent gust of wind arising suddenly 
from the shore, and afterwards veering round all points of 
the compass like a hurricane. It is very frequent on the 
coast of Guinea. 

TORRENT, in Hydrography, a temporary stream of 
water, fulling suddenly Irom mountains, &c, where there 
have been great rains, or an extraordinary thaw of snow ; 
sometimes making great ravages in the plains. 

TORRICELLI (Evangelists), nn illustrious mathe¬ 
matician and philosopher of Italy, was born at Kucnza in 
1608, and trained up in Greek and Latin literature by an 
uncle, who was a monk. Natural inclination led him to 
cultivate mathematical knowledge, which lie pursued some 
time without u master; but at about 20 years of age, he 
went to Rome, where he continued the pursuit of it under 
father Benedict Cusiclli. Castclli had been a scholar of 
the great Galileo, and had been appointed by the pope 
prolessor of mathematics at Rome. Torricelli made such 
progress under this master, that having read Galileo's Dia¬ 
logues, he composed a Treatise concerning motion on his 
principles. Castclli, surprised at the performance, carried 
it and read it to Galileo, who heard it with great pleusure, 
and conceived a high esteem and friendship for the author. 
On this, Castclli proposed to Galileo, that Torricelli should 
come and live with him ; recommending him as the most 
proper person he could have, since he was the most capa¬ 
ble of comprehending those sublime speculations, which 
his own great age, infirmities, and want of sight, prevented 
him from giving to the wbrld. Galileo accepted the pro¬ 
posal, and Torricelli tire employment, as things of all 
others the most advantageous to both. Galileo was nt 
Florence, nt which place Torricelli arrived in 1641, and 
began to take down wlmt Gulilco dictated, to regulate his 
papers, and to act in e\ery respect according to his di¬ 
rections. But he did not dong enjoy the advantages of 
this situation, as Galileo died at the end of only three 
months. 

Torricelli was then about returning to Rome; but the 
'Grand Duke engaged him to continue«t%Florence, making 
him his own mathematician for the present, and promising 
him the professor’s chair as soon as it should be vacant. 
Here he applied himself intensely to the study of mathe¬ 
matics, physics, and astronomy, making many improve¬ 
ments and some discoveries. Among others, he greatly 
improved the art of making microscopes and telescopes; 
and it is generally acknowledged thfct he first found out 
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the method of ascertaining the weight of the atmosphere 
by a proportionate column of quicksilver, the barometer 
being called from him the Torricellian lube, and Jorri- 
ccllian experiment. In short, great tilings were e.\peeled 
from him, and great things would probably have been 
further performed by him, if lie had lived: but he died, 
after a few days illness, in lo47» when he had just com¬ 
pleted the 3ytn year of his age. 

Torricelli published at Florence in 1644, a volume of 
ingenious pieces, entitled, Opera Gcometrica, in 4tu. 
There was also published at the same place, in 1715, 
Lezzioni Accademichc, consisting of 96 pages in 4to. 
These are discourses that had been pronounced by 
him on different occasions. The first of them was 
to the academy of La Crusca, by way of thanks tor 
admitting him into their body. The rest are upon 
subjects of mathematics and physics. Prefixed to the 
whole is a long life of Torricelli by Thomas Ruona\enturi 9 
a Florentine gentleman. 

TORRICELLI AN, a term very frequent among phy¬ 
sical writers, used in the phrases, Torricellian tube, or 
Torricellian experiment, on account of the inventor Tor¬ 
ricelli, a disciple of the great Galileo. 

Torricellian Tube, is the barometer tube, being a 
glass tube, open at one end, and hermetically sealed at 
the other, about 3 (c%t long, and -$• of an inch in dia¬ 
meter. 

Torricellian Experiment , or the filling the baro¬ 
meter tube, is performed by filling tbe Torricellian tube 
with mercury, then stopping the open orifice with the 
finger, inverting the tube, and plunging that orifice into 
a vessel of stagnant mercury. This clone, the finger is re¬ 
moved, and the tube sustained perpendicular to the sur¬ 
face of (lie mercury in the vessel. 

The consequence is, that part of the mercury falls out 
of the tube into the vessel, and there remains only enough 
in the tube to fill about 30 inches of .its capacity, above 
the surface of the stagnant mercury in the vessel ; these 
being sustained in the tube by tbe pressure of the atmo¬ 
sphere on the surface of tbe stagnant mercury; and ac¬ 
cording as the atmosphere is more or less heavy, or as 
tbe winds, blowing upward or downward, heave up or de¬ 
press the air, and so increase or diminish ita weight and 
spring, more or less mercury is sustained, from 28 to 31 
inches.—The Torricellian experiment constitute* what is 
now called tbe barometer. 

Torricellian Vacuum , is the vacuum produced by 
filling t^lubc with mercury, and when inverted allowing 
it to descend to such a height as is counterbalanced by 
the pressure of the atmosphere, as in the Torricellian ex¬ 
periment and barometer, the vacuum being that part of 
the tube above the surface of tbe mercury. ' • 

. TO MUD Zone, is that round the middle of the earth, 
extending *to 23 J degrees on both sides of tbe equator. 

TORUS, or Tore, in Architecture, is a large round 
moulding in the bases of the columns. 

TOUCAN, or American Goose, is on© of the modern 
constellations of the southern hemisphere, consisting of 9 
small stars. 

TRACTION, or Drawing 4 is the act of n moving 
power, by which the moveable is brought nearer to tbe 
mover, colled also attraction. 

Traction, Anqle of, in Mechanics, is the angle which 
the direction of the power makes with any given plane. 


I RAC I ItL\ f or 1 ractix, in Geometry, a curve line 
called also Catcnaria ; which see. 

I KaJECTGKY, a term oltni employed to denote the 
path o! any body moving either in a void, or in a me¬ 
dium that icsists n> motion ; oi cun lor any curve pass¬ 
ing through a given number of points. '1 bus Newton, 
Princip. lib. I, prob. 22, proposes t<> describe a irajectory 
that shall pass through five given points. 

Trajectory of a Comet, is its path or orbit, or the 
line it describes in its motion. This path, I leveling in 
Ins Coinetographia, will have to be very nearly a right 
line; but I)r. Halley concludes it to be, as it really is, a 
very excentric ellipsis; though lis place may oltui be 
well computed on the supposition of its being a paiabola. 
—Newton, ill prop. 41 ot his 3d book, shows how to de¬ 
termine the trajectory of a comet from three observations ; 
and in Ins last prop, how to correct a trajectory graphi¬ 
cally described. 

TRAMMELS, in Mechanics, an instrument used by 
artificers lor drawing ovals upon boards, &cc. One part 
ot it consists of a cross with two grooves at right angles; 
the other is a beam carrying two pins which slide in those 
grooves, and also the describing pencil. All the engines 
for turning ovals are constructed on the same principles 
with the trammels: the only difference is, that in the 
trammels the board is at rest, and the pencil moves upon 
it : in the turning engine, tbe tool, which supplies the 
place ot the pencil, is at rest, and the board moves against 
it. bee a demonstration of the chief properties ot these 
instruments by Mr. Ludlum, in the Fbilos.'Frans, vol. 70* 
pa. 37 8 vNc. 

I UANSACTIONS, Philosophical , are a collection of 
the principal papers and matters read before certain phi¬ 
losophical societies, as tbe Royal Society of London, and 
the Royal Society of Edinburgh. These transactions 
contain the several discoveries and histories of nature and 
art, either made by the members of those societies, or 
commitujeuted by them from their correspondents, with 
the various experiments, observations, &c, made by them, 
or transmitted to them, &c. 

The Philos. Trans, of the Royal Society of London 
were begun in 1665, by Mr. Oldenburg, the then secre¬ 
tary of that Society, and were continued by biiu till the 
year 1677. They were then discontinued on his death, 
till January 1678, when l)r. Grew resumed the publica¬ 
tion of them, and continued it for the mouths of December 
1678, and January and February l679» alter which they 
were intermitted till January 1683. During this last inter¬ 
val their w ant was in some measure supplied by Dr. Hooke's 
Philosophical Collections. They were also interrupted 
for 3 years, from December 16*87 to January 1691* be- . 
sides other smaller interruptions, amounting to near a 
year and a half more, before October 1695, since which 
time the transactions have been carried on regularly to 
the present day. with various degrees of credit and merit. 

Till ibe year 1752 these transactions were published 
in numbers quarterly, and the printing of them was ui- 
way* the single act of the respective secretaries till that 
time; but then the Society thought tit that a committee 
should be appointed to consider the papers read before 
them, and to select out of them such as they should judge 
most proper for publication iu the future transactions. . 
Fur this purpose, the members of the council, for the- 
time being, constitute a standing committee: they meet 
on tbe first Thursday of every month, and uo less than 
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7 of the members of the committee (of which number the 
president, or in his absence a vice-president, is always to 
be one) are allowed to be a quorum, capable of acting 
in relation to such papers; anil the question with regard 
Co the publication of any paper, is always decided by the 
majority of votes taken by ballot. 

They are published annually in two parts, at the ex* 
pence of the Society ; and each fellow, or member, is en¬ 
titled to receive one copy gratis of every part published 
after his admission into the Society. For many years 
past, the collection, in two parts, has made one volume in 
each year; and in the year 17£>3 the number of the vo¬ 
lume' was 8‘J, being 10 less than tiic number of the year 
in the century. They were formerly much respected for 
the great number of excellent papers and discoveries con¬ 
tained in them ; but of late years there has been a great 
falling off, and the volumes have been sometimes consi¬ 
dered as of very inferior merit, as well as quantity. 

There was also an useful abridgment of those vo- 
himes of the transactions that were published before the 
year 1752, when the Society began to publish the trans¬ 
actions on their own account. Those to the end of the 
year 1700 were abridged, in 3 volumes, by Mr. John 
Lowthorp: those from the year 1700 to 1720 were 
abritlged, in 2 volumes, by Mr. Henry Jones: ami those 
from 1719 to 1733 were abridged, in 2 volumes, by Mr. 
John Lames ami Mr. John Martyn; Mr. Martyn ulso 
continued the abridgment of those from 1732 to 1744- in 
2 volumes, and of those from 1744 to 1/50 in 2 volumes ; 
making in all 11 volumes. But lately a complete Abridg¬ 
ment, in 18 large 4to volumes, of the whole, from the be¬ 
ginning, to the end of the year 1800, has been published 
by Dr. Charles Mutton, Dr. George Shaw, and Dr. Richard 
Pearson. In this abridgment all the papers are given 
in their original order, and a copious index is added, by 
which is shown the place of any article, either in the ori¬ 
ginal or in the abridgment. 

The Royal Society of Edinburgh instituted in 1783, 
have also published several volumes of their Philosophical 
Transactions; which arc deservedly held in the highest re¬ 
spect for the importance of tliVir contenls. 

The Society of Arts, &o, have also published a number 
of volumes of transactions, abounding with mechanical 
inventions and discoveries. There are also transactions 
of the American Society, of the Manchester Philosophical 
Society, of the Connecticut Society, &c. The Irish Aca¬ 
demy, and most of the foreign philosuphical societies, 
give to their transactions the title of Memoirs. 

TRANSCENDENTAL Quantities, among Geometri¬ 
cians, are indeterminate ones; or such as cannot be ex¬ 
pressed or fixed to any constant equation: such is a 
transcendental curve, or the like. M. Leibnitz has a dis¬ 
sertation in the Acta Erud. Lips, in which he endeavours 
to show the origin of such quantities viz, why some 
problems are neither plain, solid, nor tursnlid, nor of any 
certain degree, but transcend all algebraic equations, lie 
also shows how it may be demonstrated without calculus, 
that an algebraic quadratrix for the circle or hyperbola is 
impossible: for if such a quadrutrix could be found, it 
would follow, that by means of it any angle, ratio, or loga¬ 
rithm, might be divided in a given proportion of one right 
line to another, and this by one universal construction: 
and consequently the problem of the section of an angle, 
or the invention of any number of mean proportionals, 
would be of a certain finite degree. Whereas the different 


degrees of algebraic equations, and therefore the problem 
understood in general of any number of parts of an angle, 
or mean proportionals, is of an indefinite degree, and tran¬ 
scends all algebraical equations. 

Others define transcendental equations, to be such 
fluxional equations as do not admit of fluents in common 
finite algebraical equations, but as expressed by means of 
some curve, or by logarithms, or by infinite series ; thus 

the expression y = ** a transcendental equation, 

because the fluents cannot both be expressed in finite 
terms. And the equation which expresses the relation 
between an arc of a circle ami its sine,.is a transcendental 
equation ; for Newton has demonstrated that this relation 
cannot be expressed by any finite algebraic equation, and 
therefore it can only be by an infinite or a transcendental 
equation. 

it is also usual to rank exponential equations among 
transcendental ones ; because such equations, though ex¬ 
pressed in finite terms, have variable exponents, which 
cannot be expunged but by putting the equation into 
fluxions, or logarithms, &c. Thus, the exponential 
equation 

y = a*, gives x x log. a = log.y, or x x log. a =y 

Tuanscendental Curve, ill llie Higher Geometry, is 
such a one as cannot be defined by un algebraic equa¬ 
tion ; or of which, when it is expressed by an equation, 
one of the terms is n variable quantity, or a curve line. 
And when such curve line is a geometrical one, or one of 
the first degree or kind, then the transcendental curve is 
said to be of the second degree or kind, &c. 

These curves arc the* same with whnt Descartes, anti 
others alter him, call mechanical curves, and which they 
would have excluded out of geometry ; contrary however 
to the opinion of Newton and Leibnitz; for as much as, 
in the construction of geometrical problems, one curve is 
not to be preferred to another as it is defined by a more 
simple equation, but as it is more easily described than 
that other : besides, some of these transcendental, or me¬ 
chanical curves, arc found of greater use than almost all 
the algebraical ones. 

JH. Leibnitz, in the Acta Erudit. Lips, has given a 
kind of transcendental equations, by which these tran¬ 
scendental curves are actually defined, and which arc of 
an indefinite degree, or arc not always the same in every 
point of the curve. Now whereas algebraists use to as¬ 
sume some general letters or numbers for the quantities 
sought, in these transcendental problems Leibnitz assumes 
general or indefinite equations for the lines soughtthus, 
for exuinplc, putting x and y for the absciss and or¬ 
dinate, the equation he uses for a line required, is 
a -h bx ■+■ cy exy ■+■ fxx -+- gyy &c = 0 : by the help 
of which indefinite equation, he seeks for the tangent; 
and comparing that which results with the given property 
of tangents, lie finds the value of the assumed letters a, b t 
c, Sec, and thus defines the equation of the line sought. 

If the comparison ubovementioned do not succeed, he 
pronounces the line sought not* to be on algebraical, but 
a transcendental one. This supposed, he proceeds to find 
the species of transcendency: for some transcendental 
depend on the general division or section of a ratio, or 
upon logarithms, others on circular arcs, &c.^ Hero then, 
besides the symbols x and y, he assumes a third, as v, to 
denote the transcendental quantity; And of these three 
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he forms a general equation of the line sought, from which 
he finds the tangent according to the differential method, 
which succeeds even in transcendental quantities. This 
found, he compares it with the given properties of the 
tanoeius, and so discovers not only the values of a, b, c, 
&c, but also the particular nature of the transcendental 
quantity. 

Transcendental problems are very well managed by the 
method of fluxions. Thus, for the relation of a circular 
arc and right line, let a denote the arc, and x the versed 

X 

sine, to the radius 1 , then is a — fluent of y/ 2x _ I '~ > 
ami if the ordinate of a cycloid be y, then is y = 
^(Sr-xx) - fluent of 

Thus is the analytical calculus extended to those lines 
which have hitherto been excluded, for no other cause 
but that they were thought incapable of it. 

TRANSFORMATION, in Geometry, is the changing 
or reducing oi a figure, or of a body, into another of the 
same area, or the same solidity, but of a different form. 
As, to transform or reduce a triangle to a square, or a 
pyramid to a parallelopipedon. 

Transformation of 1Equations, in Algebra, is the 
changing equations into others of a different form, but of 
equal value. This operation is often necessary, to pre¬ 
pare equations for a more easy solution, some of the prin¬ 
cipal cases of which are as follow.— l. The signs of the 
roots of an equation arc changed, viz, the positive roots 
into negative, and the negative roots into positive ones, 
by only changing the signs of the 2d, 4th, and all the other 
even termsof theequation. Thus, the rootsof the equation 
x 4 —x 3 — J9x*-#-49* —30 = 0, arc + 1, + 2, 3, - 5 ; 

whercas i the roots of the same equation having only the 
signs of the 2d and 4th terms changed, viz, of 
x 4 x 3 — XQx 1 — 49* —30 = 0, are - I, -2, -3, -+-5. 

2. To transform an cquatiou into another that shall 
have its roots greater or less than the roots of the pro¬ 
posed equation by some given difference, proceed as fol¬ 
lows : Let the proposed equation be the cubic x 3 — ox* 
bx — c =s 0 ; and let it be required to transform it 
into another, whose roots shall be less than the roots of 


sumed quantity d = To take away the 3d term, 

we must put the sum of the coefficients of that term = 0 , 
that is 3 d* — 2 ad b = O, or 3d 1 — 2 ad = — b ; 

then by resolving this quadratic equation, there is found 
the assumed quantity d = ± — 3b) , by the 

substitution of which for d , the 3d term will be taken 
away out of the equation. 

In like manner, to take away the 4th term, \vc must 
make the sum of its coefficients — ad- bd — c = 0 ; 
and so on for any other term whatever. And in the same 
manner wc must also proceed when the proposed equation 
is not a cubic, but of any height whatever, as 

— ar n "‘ - 4 - bi°-* — cx °“ 3 «S:c = 0 ; 
this is first, by substituting y -+- d for x, to be transform¬ 
ed to this new equation 

y n ndy° |n(n — 1 )d*y m ~ % &cl 

— ay 0 ”' — ci(h — &c> = 0 ; 

&c ) 

then, to take away the 2 d term, wc must make nd — a 


must 


n 


= 0, or d = —; to take away the 3d term, wc 
make — l)c/‘ — «(w— l)d b = 0 , or d : — 
lb i 

= —--: and so on. 

n(n—l) 

Whence it appears that, to take away the 2d term of 
an equation, we must resolve a simple equation ; for the 
3d term, a quadratic equation; for the 4th term, a cubic 
equation, and so on. 

4. To multiply or divide the roots of an equation by 
any quantity ; or to transform a given equation to another, 
that shall !>a\c its roots equal to any multiple or submul¬ 
tiple of those of the proposed equation. This is done 
by substituting, for x and its powers. 


- or 


py 9 and their powers, viz, 
ply the loots by nt; and py for x, to divide the roots by p. 
'I hus, to multiply the roots by m, substituting for 
x in the proposed equation 

&c = 0 , and it becomes 


— for x. to multi- 


m 


tti 


x" — ax 


y 

m [ 


ay 


0 — 1 


6 x*~ 


&c = 0 ; 


mill OUVMIVI, n„v-v ___ —........ m°—' 

this equation by some given difference d ; if the root y or multiply all by m B , then is ^ _ 

of the new equation must be the lc-s, lake it y = x — d 9 y n — ar/iy n ~ l bm*y m ~* — enry ° 3 &c — 0 , 
and hence x = y d; then instead of x and its powers an equation that has its roots equal to m times the roots 

• ... « mi *. .i • * ■ 



substitute y -+■ d and its powers, and there will arise this 
new equation 

(a) y 3 + 3 dy % 3 d'y 

— ay* — 2 ady — 

•+■ by 

whose roots arc less than the roots of-the former equation 
by the difference d. If the roots of the new equation had 
been requited to be greater thah those of the original one, 
wc must then have substituted y = x -t- d, or x = 
y — d, &c. 

3. To take away the 2d or any other particular term 
out of an equation; or to transform an equation, so as 
the new .equation may want its 2d, or 3d, or 4tb, &c 
term of the given equation x 3 — ax 1 bx — c = 0 , 
which is transformed into the equation (a) in the last 
article. Now to make any term of this equation (a) 
vanish, is only to make the coefficient of that term = 0 , 
which will form an equation that will give the value 
of the assumed quantity d, so as to produce the desired 
effect, viz, to make that tcVin vanish. So, to take away 
the 2d term, make 3 d - a = 0, which makes the as- 


of the proposed equation. 

In like manner, substituting py lor x, in the proposed 

equation, &c, it becomes 

ty" - * q /" -1 


y - 


& c = 0 , 


P p' P 1 

an equation that has its roots equal to those of the pro¬ 
posed equation divided by p. 

Whence it appears, that to multiply the roots of an 
equation by any quantity »i, wc must multiply its 
terms, beginning at the 2 d term, respectively by the terms 
of the geometrical series, w, »»*, w< 3 » m 'i & c ; And to 
divide the roots of an equation by any quantity p , that 
we must divide its terms, beginning at the 2 d, by the cor¬ 
responding terms of this scries p, p*, p\ p'» biC. 

5. And sometimes, by these transformations, equa¬ 
tions arc cleared of fractions, or even of surds. Thus the 
equation 

x 3 — axVp ■+■ bx — c^/p = 0 , by putting y = xy>, 
or multiplying the terms, from the 2 d, by the gcometricals 
\/p,p,P>/P> •* transformed to 

y 3 — apy* -+- bpy — cp* ~ 0 . 

G. An equation, as x 3 — ax* bx — c = 0, may be 
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transformed into another, whose roots shall be the reci¬ 
procals of the roots of the given equation, by substituting 

— for x ; by which it becomes 

\ a b 

— --^ 3 - + - c a 0 , or, multiplying all by 

the same becomes cy 3 — by 1 ay — 1 = 0 . 

On this subject, *cc Newton's Alg. on the Transmuta¬ 
tion of hquations; Maclaurin's Algeb. pt. 2, chap. 3 and 
4. Satin Person's Algebra, vol. 2 , pa. 687, &c. 

TRANSIT, in Astronomy, denotes the passage of any 
planet, just before or over another planet or star; or the 
pacing of a st ir or planet over the meridian, or before 
an I'troiromicnl instrument. Venus and Mercury, in their 
transits over the sun, appear like dark specks. 

i he transits of Venus and Mercury over the sun's disc 
ar»* very inteiesting phenomena, not merely on account 
of their rare and singular appearance, but also because 
of then* U“t in determining the sun's parallax, and thence 
the real dimensions of the earth's orbit. lienee the times 
when these transits arc to be seen have been very care¬ 
fully computed. I)r. Halley computed the times of a 
number ol these visible transits, for the 17 tli und 18th 
centuries, which were published in the Philos. Trans. 
No. I<)J, or my Abridg. vol. 3, pa. 448 ; and several 
others have been since computed. The following are the 
times when there were or will be transits of Mercury, 
from the year 1753 to 189+ inclusive. 


1753 - - 

- » May 

5 

1832 - 

- - May 

- - Nov. 

5 

1756 - - 

Nov. 

6 

1835 - 

7 

1769 - - 

Nov. 

9 

1S+5 - 

- - May 

8 

1776 - - 

Nov. 

2 

1848 - 

- - Nov. 

9 

1782 - - 

- Nov. 

12 

1861 - 

- - Nov. 

11 

1786 - - 

M ay 

5 

1868 - 

- - Nov. 

4 

17S9 - - 

Nov. 

5 

1878 - 

• - May 

5 

17.09 - - 

- May 

7 

1881 - 

- - Nov. 

7 

1802 - - 

Nov. 

S 

1891 - 

- - May 

9 

1815 - - 

Nov. 

11 

1894 - 

- - Nov. 

10 

1822 - - 

Nov. 

4 





It appears from this table, that the transits of Mercury 
always occur either in May or in November; but most 
frequently in the latter month ; depending on the position 
of the elliptic projection of Mercury's orbit on the plane 
of the ecliptic. This ellipse is now so placed, that it pre¬ 
sents to us its perihelion, during the winter, and its aphe¬ 
lion during the summer ; and as it is very excentric, Mer¬ 
cury is much nearer the sun in the month of November 
than in May. Now if it be considered that the luminous 
cone formed by the visual rays, drawn from the earth to 
the sun, is contracted in the vicinity of the earth, while 
it is enlarged near the sun, the disc of which serves for its 
base; Mercury ought therefore to cut it itforc readily 
when it is near the sun, than when it is remote from it ; 
. und consequently the transits of Mercury ought to occur 
most freque ntly in the winter part of the year. 

From the observations of the transit of Nov. 8, 1802, 
it was inferred that the node of the planet's orbit was in 
P 15° 5b' 56". 

The transits of Venus across the sun's disc happen much 
less frequently than those of Mercury, because Venus is 
more distant from the sun. The following arc all that oc¬ 
cur between 1631 and 2110. 


163 i - 

- - Dec. 6 

1874 - 

- * - Dec. 

8 

1639 - 

- - Dec. 4 

1882 - 

- - Dec. 

6 

1761 - 

- - June 5 

200 V - 

- - June 

7 

1769 - 

- - June 3 

2109 - 

- - Dec. 

10 


Now the chief use of these conjunctions is, accurately 
to determine the sun's distance from the earth, or his 
parallax, which astronomers have in vain attempted to 
find by various other methods; for the minuteness of the 
requisite angles easily eludes the nicest instruments. But 
in observing the ingress of Venus into the sun, and her 
egress from the same, the interval between the moments 
of the internal contacts, observed to a second of time, 
that is, to T “ r of a second, or 4"' of an arch, may be ob¬ 
tained by the assistance of a moderate telescope, and a 
pendulum clock that goes uniformly for 6 or 8 hours. 
Now from two such observations, rightly made in proper 
places, the distance 6f the sun, within a 500th part, may 
be certainly concluded, 6cc .—The only observations that 
have Ucen made, were those of l639> 1761, and 1769; 
whence the sun's parallax has been inferred to be 8 r/ ti. 
See Parallax and Venus. • 

Transit Instrument, in Astronomy, is a telescope fixed 
at right angles to a horizontal axis ; this axis being so sup¬ 
ported that the line of collimation may move in the plane 
of the meridian. 

The axis, to the middle of which the telescope is fixed, 
should gradually taper towards its ends, and terminate in 
cylinders well turned and smoothed ; and a proper weight 
or balance is put on the tube, so that it may stand at any 
elevation when the axis rests on the supporters. Two up¬ 
right posts of wood or stone, firmly fixed at a proper di¬ 
stance, arc to sustain the supporters to this instrument; 
these supporters arc two thick brass plates, having well 
smoothed angular notchcs’in their upper ends to receive 
the cylindrical arms of the axis; each of the notched 
plates is contrived to be moveable by a screw, which 
slides them upon the surfaces of two other plates im- 
moveably fixed .to the two upright posts; one plate mov¬ 
ing in a vertical direction, and the other horizontally, 
they adjust the telescope to the planes of the horizon and 
meridian ; to the plane of the horizon, by a spirit level 
hung in a position parallel to the axis, and to the plane 
of the meridian in the following manner. Observe the 
times by the clock when a circumpolar star, seen through 
this instrument, transits both above and below the pole; 
then if the times of describing the eastern and western 
parts of its circuit be equal, the telescope is then in the 
plane of the meridian; otherwise the notched plates must 
be gently moved till the time of the star’s revolution is 
bisected by both thc*uppcrand lower transits, taking care 
at the same lime thut the axis keeps its horizontal posi¬ 
tion. 

When the telescope is thus adjusted, a mark must be 
set up, or made, at a considerable distance (the greater 
the better) in the horizontal direction of tbe intersection 
of the cross wires, and in a place where it can bcillumi* 
nated in the night-time by a lantbom near h, which mark, 
being on a fixed object, will serve at all times afterwards 
to examine the position of the telescope, by first adjusting 
tbe trail verse axis by the level. 

To adjust a clock by the sun's transit over the meri¬ 
dian, note the times by the clock, when the preceding and 
following edges of the sun's limb touch the cross wires: 
the difference between the middle time and 12 hours, 
shows how much the mean, or dock time, is faster and 
slower than the apparent of solar time, for that day; to 
which the equation of time being applied, it wil| show tbe 
time of im an noon for that day, by which the clock may 
be adjusted. 

TRANSMISSION, m Optics, Ac,denotes the property 
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of a transparent or translucent body, by which it admits 
the rays of light to pass through its substance ; in which 
sense, the word stands opposed to reflection, bor the 
cause of transmission, or the reason why some bodies 
transmit the rays, and others reflect them, see Tk a nspa- 
rency and Opacity. —The rays of light, Newton ob¬ 
serves, are subject to tits of easy transmission and reflec¬ 
tion. See Light, and Reflection. 

TRANSMIT! \TlON, or Transform ation, in Geo¬ 
metry, denotes the reduction or change ot one figure or 
body into another of the same area or solidity ; as a tri- 
an<>le into a -quarc, a pyramid into a cube, &c. 

Transmutation, in the Higher Geometry, has been 
used for the converting of a figure into another of the same 
kind and order, w hose respective parts rise to the same di¬ 
mensions in an equation, and admit the same tangents, 
&c.—If a rectilineal figure he to be transmuted into ano¬ 
ther, it is sufficient that the intersections of the lines which 
compose it be transferred, and lines drawn through the 
same in the new figure. Rut it the figure to be trans¬ 
muted be curvilinear, tin points, tangents, and other right 
lines, by means of which the curve line is to be defined, 
must be transferred. 

TRANSOM, among Builders, the piece that is framed 
across a double light window. 

TkaVssom, among Mathematicians, denotes the vane of 
a cross-stair; being u wooden member fixed across it, with 
a square upon which it slides, &c. 

TRANSPARENCY, or Translucency, in Physics, 
a quality in certain bodies, by which they give passugc to 
the rays of light. The transparency of natural bodies, 
as glass, water, air, Ac, is ascribed by some, to the great 
number and size of the pore's or interstices between the 
particles of those bodies. But this account is very de¬ 
fective ; for the most solid and opaque body in nature, 
that we know of, contains a great deal more of pores than 
it does matter ; surely a great deal more than is necessary 
for the passage of so Very fine and subtle a body as light. 

Aristotle, Descartes, Sec, make transparency to consist 
in straightness or rectilineal direction of the pores; by 
means of which, say they, the rays can pass freely through, 
without striking against the solid parts, and so being re¬ 
flected back again. But this account, Newton shows, is 
imperfect; the quantity of pores in all bodies being suffi¬ 
cient to transmit all the rays that fall upon them, however 
those pores be situated with respect to each other. 

The reason then why all bodies arc not transparent, is 
not to be ascribed to their want of rectilineal pores ; but 
either to the unequal density of the parts, or to the pores 
being filled with some foreign matters, or to their being 
quite empty, by means of which the rays, in passing 
through, undergoing a great variety of reflections and re¬ 
fractions, arc perpetually diverted different wuys, till at 
length falling on some of the solid ports of the body, they 

are extinguished and absorbed. 

Thus cork, paper, wood, &c, arc opake; while glass, 
diamonds, &c, arc transparent; and the reason is, that in 
the neighbourhood of parts equal in density with respect 
to each other, as these latter bodies, the attraction being 
equal on every side, no reflection or refraction ensues : but 
the rays which entered the first surface of the body pro¬ 
ceed quite through it without interruption, those few only 
executed that chance to meet with the solid parts : but in 
the neighbourhood of parts that differ much in density, 
such as the parts of wood and paper arc, both in respect 
of themselves anil of the air, or the empty space in their 


pores; as the attraction is very unequal, the reflections and 
refractions must be very great ; and therefore the rajs 
will not be able to make their way through such bodies, 
but will be variously deflected, and at length quite stop¬ 
ped. See Opacity. 

TRANSPOSITION, in Algebra, is the bringing any 
term of an equation over to the otbci side ol it. Thus 
if a x = c, and we make x = c — #i, then a is said 
to be transposed. This operation i> to be pel formed in 
order to bring all the known terms to one side ot the equa¬ 
tion, and all those that arc unknown to the other side ot 
it; and every term thus transposed must alwajs have its 
sign changed, from - 4 - to —, or from — to -4- ; which in 
fact is no more than subtracting or adding such tcun on 
both sides of the equation. See Reduction ol Equations. 

TRANSVERSE-/fxw, or Diameter , in the Conic Sec¬ 
tions, is the first or principal diameter, or axis. See Axis, 
Diameter, and Latus Tuansveksum. In an ellipse, 
the transverse is the longest of all the diameters ; but the 
shortest of all in the hyperbola; and in the paiabola the 
diameters are all equal, or ut least in a ratio of equality. 

TRAPEZIUM, in Geometry, a plane figute of four 
straight sides, of which the opposites arc not parallel.— 
When this figure has two of its sides parallel to each other, 
it is sometimes called a trapezoid.—The chief properties 
ol the trapezium are as follow: 1. Any three sides of a 
trapezium taken together, are greater than the 4th side. 
—2. The two diagonals of any trapezium divide it into 
four proportional triangles, a, b , r, d ; that is, the trian¬ 
gle a : b : : c : d. —3. The sum of all the four inward 
angles, a, b, c, d, taken together, is equal to 4 right an¬ 
gles, or 300°. 



4. In a trapezium a BCD, if all the sides be bisected, 
in t)ic points E, f, g, h, the figure eigii formed by join¬ 
ing the points of bisection will be q parallelogram, having 
its opposite sides parallel lo the corresponding diagonals of 
the trapezium, and the area of the said inscribed paral¬ 
lelogram is just equal to half the area of the trapezium.— 

5. The sum of the squares of the diagonals of the trape¬ 
zium, is equal to double the sum ol the squares ol the 
diagonals of the parallelogram, or of the two lines drawn 
to bisect the opposite sides of the trapezium. That is, 

AC 2 -4- dd*‘ — 2kg 12 -4- 2F11 % 

6 . In any trapezium, the sum of the squares of all the 
four sides, is equal to the sum of the squares of the two 
diagonals together with 4 times the square ol the line ki 
joining their middle points. That is, 

AB 2 -f- BC* 4- CD* -4- DA 1 = AC* -4- BD* 4- 4lK 2 . 

7. In any trapezium, the sum of the two diagonals, is 
less than the sum of any four lines that can be drawn, to 
the four angles, from any point within the figure, besides 
the intersection of the diagonals.—8. r l lie area of any 
trapezium, is equal to half the rectangle or product under 
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cither diagonal and the sum of the two perpendiculars 
drawn upon it from the two opposite angles.—9* The area 
of any trapezium may also be found thus : Multiply the 
two diagonals together, then that product, multiplied by 
the sine of their angle of intersection, to the radius 1, will 
be the area. That is, ac x bd x sin. Z. L = area. 
—10. The same area will be otherwise found thus : Square 
each side of a trapezium, add the squares of each pair of 
opposite sides together, subtract the less sum from the 
greater, multiply the remainder by the tangent of the an¬ 
gle of intersection of the diagonals (to radius 1), and | 
of the product will be the area: that is, 

((ab 1 -+- dc 2 )— (ad ? + bc 1 )] x $ tang. Z.L=arca. 

11. The area of a trapezoid, or one that 1ms two sides 
parallel, is equal to the rectangle or product under the 
sum of the two parallel sides and the perpendicular di¬ 
stance between them*—12. If a trapezium be inscribed in 
a circle; the sum of any two opposite angles is equal to 
two right angles; and if the sum of two opposite angles 
be equal to two right angles, the sum of the other two 
will also be equal to two right angles, and a circle may be 
described about it; and farther, if one side, as dc, be pro¬ 
duced, the external angle will be equal to the interior op¬ 
posite angle. That is, (last fig. above) 

Z. a -4- Z.C = Z.B Z. D = 2 right angles, 

and Z. a = Z ncp. 

13. If a trapezium be inscribed in a circle; the rect¬ 
angle of the two diagonals, is equal to the sum of the two 
rectangles contained under the opposite sides. That is, 

AC X BD = AB x DC -h AD x BC. 

14. If a trapezium be inscribed in a circle; its area 
inay be found thus : Multiply any two adjacent sides to¬ 
gether, and the other two sides together ; then add these 
two products together, and multiply the sum by the sine 
of the angle included by either of the pairs of sides that 
arc multiplied together, and half this last product will be 
the area. That is, the area is equal either 

to (ah x AD -4- CB X CD) x { sin. ZL A or Z. C, 

or (ab x bc ad x dc) x { sin. Zb or Z.D. 

15. Or, when the trapezium can be inscribed in a circle, 
the area may be otherwise found thus: Add all the four 
sides together, and take half the sum ; then from this half 
sum subtract each side severally ; multiply the four re¬ 
mainders continually together, and the square root of the 
last product will be the area. 

j* 16 . Lastly, the area of the trapezium inscribed in a 
circle may be otherwise found thus : 

« Put m S AB X BC -4- AD x DC, 

n =- BA X AD +'RC X CD, 

p = AB X DC -4- AD x BC, 

r = radius of the circumscribing circle, 
then \/ mnp -7- 4r = the area of the trapezium. 

TRAPEZOID, sometimes denotes a trapezium that has 
two of its sides parallel to each other ; and sometimes an 
irregular solid figure, having foursides not parallel to each 
other. See Trapezium. 

TRAVERSE, in Gunnery, is the turning a piece of ord¬ 
nance about, as upon a centre, to make it point in any 
particular direction. 

Traverse, in Fortification, is a trench with a little pa¬ 
rapet, sometimes two, one on each side, to serve as a cover 
from the enemy that might come in flank. 

Traverse, in a wet foss, is a kihd of gallery, made by 
throwing sauc ssons, joists, fascines, stones, earth, &c, 
into the foss, opposite the place where the miner is to be 
put, in order to till up the ditch, and make a passage over it. 


TttA verse also denotes a wall of earth, or stone, raised 
across a work, to stop the shot from rolling along it. 

Traverse is also used for any retrenchment, or line 
fortified with fascines, barrels or bags of earth, or gabions. 

Traverse, in Navigation, is the variation of a ship’s 
course, occasioned by the shifting ol the winds, or cur¬ 
rents, &c ; or a traverse is a compound course, consisting 
of several different courses and distances. 

Traverse Sailing , is the method of working, or cal¬ 
culating traverses, or compound courses, so as to bring 
them into one, &c. Traverse sailing is used when a ship, 
having sailed from one port towards another, whose course, 
and distance from the former is known, is by reason of 
contrary winds, or other accidents, forced to shift and sail 
upon several courses, which are to be reduced into one 
course, in order to determine, after so many turnings and 
windings, the true course and distance made good, or the 
true point the ship is arrived at; and so to know what is 
the true distance, and the new course to be steered, to ar¬ 
rive at the intended port. 

To Construct a Traverse. Assume a convenient point 
or centre, to begin at; to represent the place sailed from. 
From that point as a centre, with the chord of 60 °, de¬ 
scribe a circle, which quarter with two perpendicular lines 
intersecting in the centre, one to represent the meridian, 
or north-and-south line, and the other the cast-and-wcst 
line. From the intersections of these lines with the cir¬ 
cle, set off upon the circumference, the arcs or degrees, 
taken from the chords, for the several courses that have 
been sailed upon, marking the points they reach to, in the 
circumference, with the figures for the order of number 
of the courses, 1, 2, 3, 4, &c ; and from the centre draw 
lines to these several points in the circumference, or con¬ 
ceive them to be drawn. On the first of these lines lay 
oft’ the first distance sailed ; from the extremity of this 
distance draw a line parallel to the second radius, or line 
drawn in the circle, upon which lay off the 2d distance; 
through the end of this 2d distance draw a line parallel 
to the 3d radius, for the direction of the 3d course, and 
on it lay off the 3d distance ; and so on, through all the 
courses and distances. This done,’ draw a line from the 
centre to the end of the last distance, which will be the 
whole distance made good, and it will cut the circle in a 
point showing the course made good. Lastly; draw aline 
from the end of the last distance to the point representing 
the port bound to, and it will show the distance and course 
yet to bc sailed, to gain that port. 

To work a Traverse , or to compute it by the lYaversc Table , 
qf Difference qf Latitude and Departure. 

Make a little tablet with 6 columns; the 1st for the 
courses, the 2d for the distances, the 3d for the northing, 
the 4th for the southing, the 5th for the easting, and the 
6th for the westing; first entering the several courses and 
distances, in so many lines, in the 1st and 2d columns. 
Then, from the traverse tabic, take out the quantity of the 
northings pr southings, and eastings or westings, answering 
to the several given courses and distances, entering them 
on their corresponding lines, and in the proper columns of 
easting, westing, northing and southing. This done, add 
up into one sum the numbers in each of these last four 
columns, which will give four sums showing tbe whole 
quantity of easting, westing, northing, and southing made 
good ; then take the difference between the whole casting 
and westing, and also between the northing ami southing, 
sp shall these show the spaces made good in these two di¬ 
rections, viz, east or west, and north or south; which being 
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compared with the given difference of latitude and depart- account how many glasses, that is half hours, the ship 
tore, will show those yet to be obtained in sailing to the steers upon any point, 
desired port, and thence the course and distance to it. 

Example. A ship from the latitude 28° 32* north, bound 
to a port distant 100 miles, and bearing SE by N, has run 
the following bourses ami distances, viz, 1st, N w by N dist. 

20 miles ; 2d, sw 40 miles ; 3d, se by E 60 miles; 4th, 
se 35 miles ; 5th, w by s 41 miles ; 6tb, ene 66 miles. 

Required her present latitude, with the direct course and 
distance made good, and those for the port bound to. 

The "numbers being taken out of the traverse table, and 
entered opposite the several courses and distances, the ta¬ 
blet will be as here follows : 


Courses. 

Disl. 

N. 

S. 

E. 

w. 

nw by N 

20 

166 

• 

• 

Ill 

sw 

40 

• 

283 

1 • 

28-3 

NE b E 

60 

33"3 

• 

49 9 

• 

SE 

55 

4 

389 

38"9 

• 

Vf b s 

41 

• 

80 

• 

40-2 

ENE 

66 

25 3 

• 

61-0 

• 



75"2 

75"2 

149"8 

79’t> 



75*2 


7 9'6 




0 


70-2 

Dep. 


where the sums ol the northings and southings, being both 
alike, 75‘2, shows that the ship is come to the same paral¬ 
lel of latitude she set out from. And the difference be¬ 
tween the sums of the castings and westings, shows that 
the ship is 70"2 miles more to the eastward, that being the 
greater. Consequently the course made good is due cast, 
and the distance is 70"2 miles. 

Hut, by the traverse tabic, the northing and easting to 
the proposed course N E by v, and distance 100, are thus, 
viz, northing 83*1 and casting 55*6 
diff. from made good _0_and casting 70’2 

give - - northing 831 and westing 14 0' 
yet to be made good to arrive at the intended port; and 
therefore, by finding these in the traverse table, answering 
to them arc the intended course and distance, viz, distance 
85, and course n 10° w. 

The geometrical construction, according to the method 
before described, gives 
the figure annexed : 
where a is the port 
sailed from, b is the 
port bound to, c is the 
place come to, by sail¬ 
ing the several courses 
and distances a a, ab, 
tc , erf, rfe, and ec ; then 
cb is the distance to bo 
sailed to arrive at the 
port n, and its course, 
or direction with the 
meridian, is nearly 10°, 
or the angle acb, made 

with the eost-and-west line, nearly 80 Note, the radii 
from the centre to the sevcrnl points in the circumference, 
arc omitted, to prevent a confusion in the figure. 

Tra verse- Board, in a ship, a small round board, hang¬ 
ing up in the steerage, and pierced full of holes in lines 
showing the points of the compass: upon which, by mov¬ 
ing a small peg from hole to hole, the steersman keeps an 
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Tra vers E-7ciftfc, in Navigation, is the same with a 
table of difference of latitude and departure; being the 
difference of latitude and departure ready calculated to 
every point, half point, quarter point, degree, &c, of the 
quadrant; and for every distance, up to 50 or 100 or 120, 
&c. Though it may serve for any greater distance what 
ever, l-y adding two or more together; or by taking their 
halves, thirds, fourths, &c, and then doubling, tripling, 
quadrupling, &c, the difference of latitude and departure 
found to those parts of the distance. 

This table is one of the most necessary and useful thing* 
a navigator has occasion for; for by it be can readily re¬ 
duce all his courses and distances, run in the space of 24 
hours,into one course and distance; whence he finds the 
latitude he is in, and the departure from the meridian. . 

One of the best tables of this'kind is in Robertson’s Na¬ 
vigation, at the end of book 7, vol. 1. The distances are 
there carried to 120, for the sake of more easy subdivi¬ 
sions ; and it is divided into two parts ; the first contain¬ 
ing the courses for every quarter point of the compass, 
and the 2d adapted to every 15', or quarter of a degree, 
in the quadrant. See Traverse Sailing . 

specimen of such a traverse tabic is the following, 
otherwise called a table of difference of latitude and de¬ 
parture. The distances arc placed at top and bottom of 
the columns, from 1 to 10; but may be extended to any 
quantity by multiplying the parts, and taking out at seve¬ 
ral times. The courses, or angles of a right-angled tri¬ 
angle, are in a column, on both sides, each in two parts, 
the one containing the even points and quarter points, and 
the other whole degrees, as far as to 45°, or half the qua¬ 
drant, on the left-hand side, and the other hall quadrant, 
from 45° to returned upwards from bottom to top on 
the right-hand side. The corresponding difference of la¬ 
titude and departure arc in two columns below or above 
the distances, viz, below them when the course or angle is 
within 45°, or found on the left-hand side; but ubovc them 
when between 45 and 90°, or found on the right-hand side. 

The same tabic serves also to work all cases of right- 
angled triangles, for any other purposes. For example. 
Suppose a given course be 15°, and distance 35 miles, to 
find the corresponding difference of latitude and the de¬ 
parture : Or, in a right-angled triangle, given the hypothe- 
nuse 35, and one angle 15°, to find the two legs.—Here, 
the distance 3 in the table must be accounted 30, moving 
the decimal point proportionally or one place in the other 
numbers; and those numbers taken out at twice, viz, once 
from the columns under 3 for the 30, and the other from 
the columns under the distance 5. Thus, on the line of 
15°, and under the 

Dist. Lat. * Dcp . 

30 are 28*978 and 7*765 
5 arc 4*830 and 1*294 

therefore for 35 are 33-808 and 9*059 
So that the other {wo legs of the triangle are 33*808 and 
9*059. If the course had been 7$°, or the complement 
of the former, which is only the other angle of the same 
triangle, and which is found on the same line of the table, 
but on the right-hand side of it; then the numbers in the 
columns will be the same as before, and will give the same 
6ums for the two legs of the triangle, only with the con¬ 
trary names, as to latitude and departure, which change 
places. 

3 Y 
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A Tab i.f. of the Difference of Latitude and Departure, for Degrees and Quarter Points . 


Course. II 

!>.»« 

f. 1. 

Dial 

. 2. 

Dial 

3. 

Dial. 

QHI 

Dili. 

5. 

Oniric. 

Pis. 

D. 

L«i. 

Dep. 

Lat. | 

Drp. 

Lu«. 

Dep. 

Lmi. 

msm\ 

Lai. 

Dep. 

D. 

Pt». 



0-9908 

0 0175 

1-9997 

cwm<j 

2-9995 

00524 

3-9994 

0 0698 

4-9992 

0*0873 

89 



w 

0-9994 

O 0349 

1-9988 

0*0fi98 

2 9982 

0-1047 

3-9976 

01396 

49970 

0 1745 

88 


0 i 

■ 

0 9988 

0-01-91 

1-9976 

0*0981 

2-9964 

0-1 472 

3-9952 

0 1963 

4 9940 

02453 





0-9936 

00523 

1-9973 

0*1047 

2 9959 

0-1570 

3-9945 

0-2093 

4-9931 

0-2617 

87 




0-9976 

00698 

1-9951 

0*1395 

2-9927 

0 2093 

3 9903 

0 2790 

4 9878 

03488 

86 



5 

0 9962 

00872 

1 -9924 

01743 

2-9886 

0 2615 

3-9848 

0 3486 

4-9810 

0-4358 

85 


0 -J 


0-9952 

0-0980 

1-9904 

0*1960 

2-9856 

0-2940 

3-9807 

0 3921 

4 9759 

0-4901 


7i 


G 

0-9945 

01045 

1-9890 

0*2091 

2*9836 

0-3136 

3-9781 

0-4181 

49726 

0 5226 

84 



7 

0-9925 

01219 

1-9851 

0*2437 

2 9776 

0 3656 

3-9702 

0 4875 

49627 

0 6093 

83 



8 

0 9903 

01392 

I-9S05 

0*2783 

2-9708 

0-4175 

3 961 I 

0-5567 

49513 

0-6959 

82 


C i 

1 

■ 

0 9392 

0 1467 

1-9784 

0*2933 

2-9675 

O 4402 

3 9567 

0 5869 

4-9459 

0-7337 


TT 


ill 

0 9877 

01564 

1-9754 

0 3129 

2 9631 

0-4693 

3 9508 

0-6257 

4-9384 

0 7822 

SI 



10 

0-98 IS, 

01736 

1 9696 

0-347 3 

2-9544 

0-5209 

3-9392 

0 6946 

4-9240 

0-8682 

80 



11 

0-9816 

01908 

1-9633 

0-3816 

2 94 49 

0 5724 

3-9265 

0 7632 

4 9081 

0 9540 

79 


1 


0-9808 

01951 

1-9616 

0-3902 

2.9424 

0 5853 

3-9231 

0 7804 

4*9039 

0-9754 


7 


12 

0 9781 

0-2079 

1-9563 

0-4158 

2-9344 

0 6237 

3 9126 

0 8316 1 

4 8907 

1 0396 

78 



13 

0-9744 

0-22 50 

1 -948; 

0-4499 

2-9231 

0 6749 

3-8975 

0 8998 j 

4-87 1.8 

11248 

77 



14 

0-9703 

0 2419 

1 -9-406 

0-4838 

2-91 OS 

0 7258 

3-8812 

0 9677 

4 8515 

1 -2096 

76 


1 i < 


0-9700 

0-2130 

1*9401 

0-4860 

2-9101 

0-7 2S9 

3-8801 

0 9719 

48502 

-1-2149 


6 5 


15 

0 9659 

0 2588 

1 -93 19 

0-5176 

2 8978 

0 7765 

3 8637 

1 0353 

; 4 8296 

1 2941 

75 



It* 

0 9613 

0-2756 

1 9225 

0*5513 

2-8838 

O 8269 

3-8450 

11025 

4-8063 

1 -3782 

74 


I { 


0-9569 

0-2903 

1 9139 

0*5800 

2-8708 

0-8709 

3-8278 

11611 

4-7847 

1-4514 




17 

0-9563 

0 2924 

1-9126 

0-5847 

2-8689 

0 8771 

3-8252 

1*1695 

4-7815 

1-4619 

73 



18 

0-95 1 1 

0-3090 

1 -9021 

0-6180 

2 8532 

0 9271 

3-8042 

1-2361 

47553 

1-5451 

72 

4 


19 

0 9455 

0-3256 

1 8910 

0-0511 

2 8366 

09767 

3-7821 

1 -3023 

4-7276 

1-6278 

71 


1 i 


0-9415 

0 3369 

1-8831 

0 6738 

2 8246 

1 0107 

3-7662 

1-3476 

4-7077 

r*0844 


6 l 

A 

20 

0-9397 

0 34_'0 

1 -8794 

0*6 S 40 

2*8191 

1 0261 

3*7588 

1 3681 

4*6985 

1*7101 

70 



21 

0 9336 

0 3584 

1-8672 

0-7 167 

2-8007 

1 0751 

3-7343 

t 4335 

4-6679 

1 7918 

69 



m 

0 9272 

0 3746 

1-8544 

0-7 492 

2-7816 

11238 

3 7087 

1-4984 

4-6359 

1-8730 

68 


o 

m 

0-9239 

0-3827 

1-8178 

0-7654 

2 7716 

I 1480 

3 6955 

1*5307 

4-6194 

1*9134 

• 

6 . 


23 

O 9205 

03907 

1-8410 

0-7815 

2 7615 

1 1722 

3 6820 

1 -5629 

4-6025 

1-9537 

67 



2\ 

0 9135 

04067 

1-8270 

0-8 1 35 

2-7406 

1-2202 

3 6542 

• 1 -6269 

4-5677 

2-0.137 

66 



lb 

0-9063 

0 4226 

1 8126 

0-8452 

2*7 189 

1-2679 

3-6252 

1 -6905 

4-5315 

2-1 131 

65 


2 * 


09040 

0 4276 

1*8080 

0*8551 

2 7120 

1 2827 

3 6160 

1*7102 

4-5199 

2-1378 


5 i 


2H 

0-8988 

0-4381 

1*7976 

0-8767 

2-6964 

1-3151 

3-5952 

1-7535 

4^4940 

2-1919 

64 



27 

0 8910 

0 4540 

1*7820 

0-9080 

2 6730 

1-3620 

3-5640 

1-8160 

4-4550 

2-2699 

m 



2b 

) 8339 

0 4695 

1 7659 

0-9389 

2-6488 

1-4084 

35318 

1-8779 

4-4147 

2 3474 

62 


2 f 


0 88 1 9 

0 47 1 4 

1 7638 

0*9428 

26458 

1^4142 

3-5277 

1 -8850 

4'4096 

2-3570 


51 


29 

0-8746 

0 4848 

1-7492 

0*9696 

2-6239 

1-4544 

3-4985 

1-9392 

4-3731 

2*4240 

61 



30 

0 8660 

0-5000 

1-7320 

1 *0000 

2-5981 

1 -5000 

3-4641 

2 0000 

4 3301 

2-5000 

60 


** 


0-8577 

0-5141 

1-7155 

1*0282 

2-5732 

1-5423 

34309 

2*0564 

42886 

2-5705 

* 


31 

0 8572 

0-5150 

1-714-3 

1*0301 

2-5715 

1-5451 

3-4287 

2 0602 

4-2858 

2-5752 

59 



32 

0 8480 

0-5299 

1-6961 

1-0598 

25441 

1-5896 

3-3922 

2-1197 

4-2402 

2-6496 

58 



33 

0-8387 

0-5446 

1-6773 

1*0893 

2-51 GO 

1-6339 

3-3547 

2*1786 

4* 1934 

27V32 

57. 


5 


0 8315 

0-5556 

1 -6629 

1*1111 

2 4944 

1-6667 

3-3259 

2-2223 

41573 

2-7778 

9 

5. 

L 

31 

0 8290 

0-5592 

1*6581 

1*1184 

2-4871 

1-6776 

33162 

2-2368 

4-1452 

2 7960 

56 



35 

0-8192 

0*5736 

1-6383 

1*1472 

2*4575 

1-7207 

3-2766 

2 2943 

40958 

2-8679 

55 

$ 


36 

0-8090 

0-5878 

1-6180 

1*1756 

2-4271 

1-7634 

3-2361 

2*3511 

4 0451 

2 9389 

54 


3 * 


0 8032 

0 5957 

1-6064 

1*1914 

2-4096 

1-7871 

3-2128 

2-3828 

4-0160 

2-9785 

1 



37 

0-7986 

0 6018 

1-5973 

1*2036 

2-3959 

1 -8054 

3-1945 

2 4073 

3 9932 

30091 

53. 

t m 


.*ift 

0 7880 

00157 

1 -5760 

1*2313 

2 3640 

1-8470 

3*1520 

2-4626 

3-9401 

3r0783 

52 



39 

0 7771 

0 6293 

1-5543 

1*2580 

2*3314 

1-8880 

3*1086 

2-5173 

8-8857 

3*1466 

.51 


3* 


0-7730 

06344 

1 5460 

1*2688 

2*3190 

1-9032 

3 0920 

2-5376 

3-8650 

3-1720- 


*i* 


40 ! 

0 7660 

0 6428 

1-5321 

1*2856 

2*2981' 

1*9284 

3 0642 

2-5712 

3-8302 

3*2139 

50 



41 

0-7547 

0 6561 

1-5094 

1-3121 

226*1 

1-9682 

3-0188 

2-6242 

3-7736 

,3*2803 

49 

i 


42 

0-7431 

0-6691 

1 -4803 

1*3383 

2 2294 

2 0074 

2-9726 

2-6765. 

S 7157 

3-3457 

48 




0-7410 

0-6716 

1-4819 

1*3431 

2-2229 

2-0147 

2-9638 

2-6862 

3*7048 

3*3578 


4*. 


43 

07314 

0-6820 

1-4028 

1*3640 

2*1941 

20460 

2-9254 

2-7280 

3-6568 

3-4100 

47 

1 


44 

0-7193 

06947 

1*4387 

1*3894 

21580 

20840 

2-8774 

27786 

3-5967 

3*4733 

46 

Jr - 

4 

45 

0-7071 

0*707 1 

1*4142 

1*4142 

21213 

2-1213 

2 8284 

2-8264 

3-5355 

3-5355 

45 

4 


£° 

IJcp. 

L«. 

msm 


Dep. 

Lav. 

m xm 

Lav. 

Dep. 



• 1 

s 

A. 

a 

II Din. i. 

* Dist. Q. « 

ivnzsQH 

1 Diet. 4. 



A« 
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A Table qf the Difference of Latitude and Departure, for Decrees and Quarter Points. 


Course. 

Dim. 6. 

Dim. 7- 

Disc. ». 

Dim. 

D.si. io. 

C our«f. 

res. | 

D. 

I-at. 

Dep. 


Dep. 

Lac. Dep. 

I aii. 

Dep. 

l^». 

Dep. 

D 

Pi*. 

o c 

1 

2 

3 

4 

5 

G 

7 

8 

5-9991 

5-9963 

59928 

5 9918 
59854 

5 9772 
5-97 1 J 

5 9071 
5-9553 
5-9416 

0-1047 

0-2094 

0 2944 
0-3 1 40 
0-4185 
0-5229 
0-5881 

0 0272 
0-7 312 
0-8350 

08804 

0-9380 

1-0419 

11449 

11705 

1 2475 

1 -3497 
1-4515 
1-4579 

I -5529 

0-9989 

6-9957 

0 9916 

6 9904 

6 9829 

0 9734 
6-9663 
6-9617 

0 9478 

6 9319 

0- 1 222 

0 24 43 
0-3435 
03064 
0-4883 

0 6101 

0 6861 
07317 
0-8531 
0-9742 

7-1)988 

7-9951 

7-990+ 

7 9800 
7-9805 

7 9696 
7-9615 
7-9562 

7 940+ 
79221 

7-9134 

7-9015 

7-8785 

7 8530 

7 3463 
7-8252 
7-7950 
7-7624 
7-7602 
7-7274 

01390 

0-2792 

0-3925 

0-4187 

0-5580 

0 6972 

0 7841 
0S362 
0-9750 
1-1134 

1" 1738 
1-2515 
1*3892 

1 -5265 
1-5607 

1 -6033 
1-7996 

1 -9354 
1-943;. 

2 0700 

8-9986 

8 9945 
8-9892 

8 987.7 

8 9781 
8-9658 

8 9567 
8-9507 

8 9329 
8-9124 

89026 

3*8892 

8 8633 

8 83 16 
88271 
8*8033 
8*7693 

8 7327 

8 7303 
8-6933 

O'157 1 

0 3141 
0-4410 

0 47 10 
0-6278 
0-7844 
0-8822 

O 9403 
1-0968 
1-2526 

9-9985 

9-9939 

9 9880 
9-9863 

9 97 6 
9-9619 
9*9518 

9 9452 
99255 

9 9027 

O* 17+5 
0*3+90 
0+907 
0*523 V 

0 6976 

0 87 16 
0*9302 j' 
1*0+53 
1-2187 

1 -3917 

1-407 4 
1-5643 
1-7365 

1 -908 1 
1-9509 
20791 

2 2495 

2 4192 

2 4298 

2 5882 

8«> 

88 

87 

80 

83 

81 

83 

82 

SI 

80 

79 

78 

77 

76 

, 7 ' 5 

? i 

^ { 

7 

0-i 

o i 

1 

J J 

9 

10 

1 1 

12 

13 

.14 

15 

5-9351 

5-9201 

5-90S 8 

5 8898 
5-8817 
5-8689 
5-8402 
5-8218 
5-8202 
5-7950 

6-9242 

6-9138 

6-8937 

6 87 14 
6-8655 
6-8470 
6-8206 

6 7921 

6 7902 
67615 

10271 

1 0950 

1 2155 
1-3357 
1-3050 

1 4554 
1-5746 
1-6935 

1 7009 
1-8117 

1-3200 

1-4079 

1-5628 

1 7173 

1 7558 

1- 8712 

2 0246 
21773 
21868 

2- 3204 

9 89 IS 
98769 
9*8 + 81 

9 S1 C>5 

9 8079 
9-7815 

9 7 +37 

9 7030 
9-7003 

9 6593 

> l 

1 i 

2 

IG 

17 

18 

19 

20 
21 
22 

5 7670 

5 7410 
5-7 378 
5-7003 
5-6731 

5 6493 

5 0382 
5-6015 
5-5031 
5-3433 

1-6538 

1-7417 

1-7542 

1-8541 

1- 9534 

2 0313 

2 0521 

2 1502 

2 2 476 

2- 2961 

0-7268 

6 6986 
6 6941 
6-6574 
G 6166 
6 5903 
6-5779 

6 5351 

6 4903 
6-4672 

1 9295 
2-0320 
20466 
2'1631 
2-2790 
2-3582 
2-3941 
2-5086 

2 6222 
2-6788 

T^tibol 

7-6555 

7-6501 

7-6084 

7-5642 

7 5324 
7-5175 
7-4686 

7 4175 1 
7 3910 

2-2051 

2*3223 

2-3390 

2-4721 

2-6045 

2.6951 

2-7362 

2-8669 

2*9969 

3 0015 

8 6 513 

8 6125 

8 0067 

8 5595 
8-5097 
8-4739 
8-4572 
8*402 1 

S 3 447 
8-3149 

2-4807 

2 0126 

2 6313 
2-7812 

2- 9301 

3 0320 
30782 

3 2253 

3 37 15 

3- 4441 

9 6 120 
9-5694 
9-56 JO 
9-5106 
9-4552 
9-4154 
9 3969 
9-3358 
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TREBLE, in Music, the highest or acutest of the four A n Aculangular or Oiygoue Triangle , is that which 
arts in symphony, or that which is heard the clearest and has three acute angles ; as e. 


slnillcst in a concert. In the like sense we say, a treble 
violin, treble hautboy, &c. In vocal music, the treble is 
usually committed to boys and girls; their proper part 
being the treble. The treble is divided into first or highest 
treble, and second or bass treble. The half treble is the 
same with the counter-tenor. 

TRENCHES, in Fortification, are ditches which the 
besiegers cut to approach more securely to the place at¬ 
tacked ; whence they arc called lines of approach. Their 
breadth is 8 or 10 feet, and depth 6 or 7.—They say, 
mount the trenches v that is, go upon duty in them. To 
relieve the trenches, is to relieve such as have been upon 
duty there. The enemy is said to havecleared the trenches, 
when he has driven away or killed the soldiers who guarded 
them. 

Tail of the Trench, is the place where it was begun. 
And the Ihad is the place where itcnd9. 

Opening of the Trenches, is when the besiegers first 
begin to work upon them, or to make them; which is 
usually done in the night. 

TREPIDATION, in (he ancient astronomy, denotes 
what was called a libration of the 8tli sphere; or a mo¬ 
tion which the Ptolemaic system attributed to the firma¬ 
ment, to account for certain almost insensible changes and 
motions observed in the axis of the world ; by means of 
which the latitudes of the fixed stars come to be gradually 
changed, and the ecliptic appears to approach reciprocally, 
first towards one pole and then towards the other.—This 
motion is also called the motion of the first libration. 

TRET, in Commerce, is an allowance made for the 
waste, or the dust, that may bo mixed with any commo¬ 
dity ; which is always 4 pounds on every' 104 pounds 
weight. Sec Tare. 

TRIANGLE, in Geometry, a figure bounded or con¬ 
tained by three lines or sides, and which consequently has 
three angles, whence the figure takes its name. 

Triangles arc either plane or spherical or curvilinear. 
Plane when the three sides of the triangle arc right lines; 
but spherical when some or all of them are arcs of great 
circles on the sphere. 

Plane triangles take several denominations, both from 
the relation of their angles, and of their sides* as below. 
And 1st with regard to the sides. 



An Equilateral Triangle , is that whiqh has all its three 
sides equal to one another ; as a. 

An Isosceles or Equicrural Triangle , is that which has 
two sides equal; as n. 

A Scalene Triangle has all its sides unequal; as c. 
Again, with respect to the angles. 



A Rectangular or Right-angled Triang1c y is that which 
has one right angle; as d. 

An Oblique Triangle is that which has no right angle, 
but all oblique ones; as a or p. 


An Obtusangular or Amblygone Triangle , is that which 
has an obtuse angle; as F. 

A Curvilinear or Curvilincal Triangle f is one that has all 
its three sides curve lines. 

A Mixiilinear Triangle , is one that has its sides some of 
them curves, and some right lines. 

A Spherical Triangle is one that has its sides, or at least 
some of them, arcs of great circles of the sphere. 

Similar Triangles are such as have the angles in the one 
equal to the angles in the other, each to each. 

The Base of a triangle, is any side on which a perpen¬ 
dicular is drawn from the opposite angle, called the ver¬ 
tex : and the two sides about the perpendicular, or th* 
vertex, arc called the legs. 

The chief properties of plane triangles, arc as follow,, 
via, In any plane triangle, 

1. The greatest side is opposite to the greatest angle,, 
and the least side to the least angle, &c. Also, if two 
sides be equal, their opposite angles are equal ; and if the 
triangle be equilateral, or have all its sides equal, it will 
also be equiangular, or have all its angles equal to one 
another.—2. Any side of a triangle is less than the sum,, 
but greater than the difference, of the other two sides.— 
3. The sum of all the three angles, taken together, is equal 
to two right angles.—4. H one side of a triangle be pro¬ 
duced, the external angle, made by it and the adjacent 
side, is equal to the sum of the two opposite internal angles. 
—5. A line drawn parallel to one side of a triangle, cuts 
the other two sides proportionally, the corresponding seg¬ 
ments being proportional,, each to each, and ta the whole 
sides ; and the triangle cut off is similar to the whole tri¬ 
angle. : 

If a perpendicular be let full from any angle of a tri¬ 
angle, as a vertical angle, upon the opposite side as a base ; 
then,. 6. The rectangle of the sum and difference of the 
sides, is equal to twice the rectangle of the base and the 
distance of the perpendicular from the middle of the base. 
—Or, which is the same thing in other words, 7- The dif¬ 
ference of the squares of the sides, is equal to the differ¬ 
ence of the squares of the segments of the base. Or, as 
the base is to the sum of the sides, so is the difference of 
the sides, to the difference of the segments of the base.— 
8. The rectangle of the legs or sides, is equal to the rect¬ 
angle of the perpendicular and the diameter of the circum¬ 
scribing circle. 

If a line be drawn bisecting any angle, to the base or op¬ 
posite side; then, 9. The segments of the base, made by 
the lino bisecting the opposite angle, are proportional to 
the sides adjacent to them.—10. The square o'f the line 
bisecting the angle, is equal to the difference.between the 
rectangle of the sides and the rectangle of the segments of 
the base. 

If a line be drawn from any' angle to the middle of the 
opposite side, or bisecting the base; then, 11. The sum of 
the squares of the sides, is equal to twice the sum of the 
squares of half the base and the line bisecting the base.— 
12. The angle made by the perpendicular from any angle 
and the line drawn from the same angle to the middle of 
the base, is equal to half the difference of the angles at the 
base.— 13. If through any point d, within a triangle abc* 
three lines bf, oh, ik, be drawn parallel to the three 
sides of the triangle; the continual products or solids made 
by the alternate segment* of these lines will be equal ; visr„ 
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or, x DK x DU = DO x DF x DI. 



14 . If three lines al, bm, cn, be drawn from the three 
angles through any point d within a triangle, to the op¬ 
posite sides; the solid products of the alternate segments 
of the sides are equal ; viz, 

AN x BL x CM = AM X CL x BN. 

15. Three lines drawn from the three angles of a tri¬ 
angle to bisect the opposite sides, or to the middle of the 
opposite sides, do all intersect one another in the same 
point D, and that point is the centre of gravity of the tri¬ 
angle, and the distance ad of that point from any angle 
as D, is equal to double the distance dl (torn the opposite 
side; or one segment of any of these lines is double the 
other segment : moreover the sum of the squares of the 
three bisecting lines, is J of the sum of the squares of the 
three sides of the triangle.—16'. Three perpendiculars bi¬ 
secting the three sides of a triangle, all intersect in one 
point, and that point is the centre of the circumscribing 
circle.—17. Three lines bisecting the three angles of a tri¬ 
angle, all intersect in one point, and that point is the cen¬ 
tre 0 of the inscribed circle.—18. Three perpendiculars 
drawn from the three angles of a triangle, upon the oppo¬ 
site sides, all intersect in one point.—1.9. If the three an¬ 
gles of a triangle be bisected by the lines ad, »n, CD 
(3d fig. above), and any one as bd be continued to the op¬ 
posite side at o, and dp be drawn perp. to that side ; then 
is Z.ADO = Z.CDP, or Z.ADP = Z.CDO. 

20. Any triangle may have a circle circumscribed about 
it, or touching all its angles, and a circle inscribed within 
it, or touching all its sides.—21. The square of the side 
of un equilateral triangle, is equal to 3 times the square of 
the radius of its circuins-cribing circle.—22. If the three 
angles of one triangle be equal to the three angles of ano¬ 
ther triangle, cucli to each ; then those two triangles arc 
similar, and their likcsidcs are proportional to one another, 
and the areas of the two triangles are to each other us the 
squares of their like side*.—23. If two triangles have any 
three parts of the one (except the three angles), equal to 
three corresponding parts of the other, each to each \ those 
two triangles arc not only similar, but also identical, or 
having all their six corresponding parts equal, and their 
areas also equal.—24. Triangles standing on the same base, 
and between the same parallels, arc equal ; and triangles 
on equal bases, and having equal altitudes, are equal.-— 
25. Triangles on equal'bases, are to one another as their 
altitudes : and triangles of equal altitudes, arc to onu 
another as their bases; also equal triangles have their 
bases and nltitudcs reciprocally proportional.—2 6 . Any 
triangle is equal to half its circumscribing parallelogram, 
or hulf the parallelogram on the same or an equal base, 
and of the same or equal altitude.—27. Therefore the area 
of any triangle is found, by multiplying the base by the 
altitude, and taking half the product.—28. The area is 
also found thus: Multiply any two sides together, and mul¬ 
tiply tiic product 6y the sine of their included angle, to 
■radius 1, and divide by 2—29- The area is also otherwise 
found thus, when the three sides are given: Add the three 
sides together, and take half their sum ; then from this half 
sum subtract each side severally, and multiply the three 
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remainders and the half sum continually together ; then 
the square root of the last product will be the aica of the 
trianele.—30. In a right-angled triangle, if a perpendicu¬ 
lar be let fall from the right angle upon the hypollicnuso, 
it will divide it into two other triangles similar to each 
other, and to the whole triangle.— 31. In a right-angled 
triangle, the square of the hypoihi nuse is equal to the sum 
of the squares of the two sides ; and, in geneial, any figure 
described on the hypolhenuse, is equal to the sum ot two 
similar figures described on the two sides.— 32 In an iso¬ 
sceles triangle, if a line be drawn from the vertex to any 
point in the base; the square of that line togcth< r with the 
rectangle of the segments of the base, is < qual to the square 
of one of the equal sides.—33. If one angle of a triangle 
be equal to 120° ; the square of the base will be equal to 
the squares of both the sides, together with the rectangle 
of those sides; and if those sides be equal to each other, 
then the square of the base will be equal to three times the 
square of one side, or equal to 12 times the square of the 
perpendicular from the angle upon the base.—34. In the 
same triangle, viz, having one angle equal to 120°; the 
difference of the cubes of the sides, about that angle, is 
equal to a solid contained by the difference of the sides 
and the square of the base; and the sum of the cubes of 
the sides, is equal to a solid contained by the sum of the 
sides and the difference between the square of the base and 
twice the rectangle of the sides. 

There are many other properties of triangles to he found 
in the geometrical writings ; indeed Gregory St. Vincent 
has written a folio volume upon triangles; there arc also 
several in his quadrature of the circle. See also other 
properties under the article Trigonometry, and under 
Right- Angled Triangle. 

Soluttun of Triangles. See Trigonometry. 
Triangle, in Astronomy, one of the 4S ancient 
constellations, situated in the northern hemisphere. There 
is also the southern triangle in tin- southern hemisphere, 
which is a modern constellation. The stars in the northern 
triangle are, in Ptolemy's catalogue 4. in Tycho’s 4, in 
HcveTius’s 12, and in the British catalogue 10. The stars 
in the southern triangle are, in Shurp’s catalogue, 5^ 
Arithmetical Triangle, a kind of numeral triangle, 
or triangle of numbers, being a table of certain numbers 
disposed in form of a triangle. It was so called by Pascal ; ( 
but be was not the inventor of this table, as some writers 
have imagined, its properties having been treated of by 
other authors, some centuries before him, os is shown in 
my Mathematical Tracts, vol. 1, tract 12. 

The form of the triangle is as follows: 


; a 3 i 

} 4 6 4 1 

1 5 • 10 10 5 I 

J 6 15 20 &c 

J 7 21 &c . , 

8 &cc 

\ 9 ’ . 

And it is constructed by adding always the last two 
numbers of the next two preceding columns together, to 
give the next succeeding column of numbers. 

The first vertical column consists of units; the 2d a 
series of the natural numbers 1, 2, 3, 4, 5, \c ; the 3d a 
scries of triangular numbers 1, 3, 6, 10, &c; the 4th a 
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series of pyramidal numbers, &c. The oblique diagonal 
rows, descending from left to right, arc also the same as 
the vertical columns. And the numbers taken on the 
horizontal lines are the co-efficients of the different powers 
of a binomial. Many other properties and uses of these 
numbers have been delivered by various authors, as may 
be seen in the introduction to my Mathematical Tables, 
pa. 7, 8, 75, 76, 77» 8 % 0, 2d edition. 

After these, Pascal wrote n treatise on the Arithmeti¬ 
cal Triangle, which is contained in the 5th volume of his 
works, published at Paris and the Hague in 1779* in 5 
volumes, 8vo. In this publication is also a description, 
taken from the 1st volume of the French Encyclopedic, 
art. Arithmetiquc Machine, of that admirable machine 
invented by Pascal at the age of 19, furnishing an easy 
and expeditious method of making all kinds of arithme¬ 
tical calculations without any other assistance than the 
eye and the hand. 

TRIANGULAR, relating to a triangle ; as 

Triangular Canon , tables relating to trigonometry; 
ts of sines, tangents, secants, tec. 

Triangular Compasses , are such as have three legs 
or feet, by which any triangle, or three points, may be 
taken off at once. 'These arc very useful in the construc¬ 
tion of maps, globes, &c. 

Triangular A 'umbers, arc a kind of polygonal num¬ 
bers; being the sums of arithmetical progressions, which 
have 1 for-the common difference of their terms. 

Thus, from these arithmetical* -12 3 4 5 6, 

are formed the triang. numb. - 13 6 101521, 

or the 3d column of the arithmetical triangle above men¬ 
tioned. 

Because the sum of n terms of such arithmetical pro¬ 


gression is expressed by 


it* 


n 


we shall evidently have 


the same formula to express generally the triangular num¬ 
bers ; or the triangle, which answers to any side repre¬ 
sented by n. 

Thus, if n = 6, the sixth triangular number taken in 
order will be 36 ? 6 = 21. And if n = 15, the triangle 


is 


oas 


is 


3 

= 120 . 


iV = 2. 


The sum of any number n of the terms of the triangular 
numbers, 1, 3, 6, 10, &c, is = 

n’ n* n n n 1 n+3 

7 T a’ or i x ~a~ x —’ 

which is also equal to the number of shot in a triangular 
pile of balls, the number of rows, or the number in each 
side of the base, being n. 

The sum of the reciprocals of the triangular series, 
infinitely continued, is equal to 2; viz, 

1 + i + i + tv ' 

For the rationale and managdfhent of these numbers, 
tee Malcolm’s Arith. book 5, ch. 2; and Sipipson’s Algcb. 
see. 15. 

Triangular Quadrant, is a sector furnished with a 
loose piece, by which it forms an equilateral triangle. 
Upon it is graduated and maiked the calendar, with the 
sun’s place* and other useful lines ; and by the help of a 
string and a plummet, with the divisions graduated on the 
loose piece, it may be made to serve for a quadrant. 

TIUBOMETER, in Mechanics, a term applied by 
Musschenbrock to an instrument invented by him for mea¬ 
suring the friction of metals. It consists of an axis formed 


of hard steel, passing through a cylindrical piece of wood: 
the ends of the axis, which are highly polished, are made 
to rest on the polished semicircular cheeks of various me¬ 
tals, and the degree of friction is estimated by incans of 
a weight suspended by a fine silken string or ribband over 
the wooden cylinder. For a farther description and the 
figure of this instrument, with the results of various expe¬ 
riments performed with it, sec Miisschcnb. lntrod. ad 
Phil. Nat. vol. I, p. 151. 

TRIDENT, is a particular kind of parabola, used by 
Descartes in constructing equations of 6 dimensions. See 
the article Cartesian Parabola. 

TRIGLYPH, in Architecture, is a member of the 
Doric frize, placed directly over each column, and at 
equal distances in the intercolumnation, having two en¬ 
tire glyphs or channels engraven in it, meeting in an angle, 
and separated by three legs from the two dcmi-channels of 
the sides. 

TR1GON, a figure of three angles, or a triangle. 
Trigon, in Astronomy, denotes an aspect of two pla¬ 
nets when they arc 120 degrees distant from each other ; 
called also a trine, being the 3d part of 360 degrees. 

Tricon, in Dialling, an instrument of a triangular 
form. 

Trigon, in Music, denoted a musical instrument, used 
among the ancients. It was a kind of triangular lyre, or 
harp, invented by Ibycus; and was used at feasts, being 
played on by women, who struck-it either with a quill, or 
beat it with small rods of different lengths and weights, to 
occasiop a diversity in the sounds. 

TRIGONAL Numbers. See Triangular Numbers. 
TR1GONOMETER, Armillary. Sec Armillary 
Triqonometcr. 

TRIGONOMETRY, the art of measuring the sides 
and angles of triangles, cither plane or spherical; whence 
it is accordingly called cither plane trigonometry, or sphe¬ 
rical trigonometry. 

Every triangle has 6 parts, viz, 3 sides, and 3 angles; 
and it is necessary that three of these parts be given, to 
find the other three. In spherical trigonometry, the three 
parts that arc given, may be of any kind, cither all sides, 
or all angles, or part the one and part the olher. But 
• in plane trigonometry, it is necessary that one of the 
three parts at least be a side, since from three angles can 
only be found the proportions of the sides, but not the 
.real quantities of them. 

. Trigonometry is an art of the greatest use in the mathe¬ 
matical sciences, especially in-astronomy, navigation, sur¬ 
veying, dialling, geography, &c, &c. . By the aid of it* 
we can determine the magnitude of the earth, the planets 
and stars, their distances, motions, eclipses, and almost 
all other useful arts and sciences. Accordingly we find 
this art has been cultivated from the earliest ages of ma¬ 
thematical knowledge. 

Trigonometry, or the resolution of triangles, is founded 
on the mutual proportions which subsist between the sides 
and angles of triangles; which proportions are known by 
finding the relations betyveen the radius ot a circle and 
ccrtuin other lines drawn in and about the same, called 
chords, sines, tangents, and secants. The ancients Mc- 
nclaus, Hipparchus, Ptolemy, &c, performed their tri¬ 
gonometry, by means of the chords. As to the sines, and 
the common theorems relating to them, they were intro¬ 
duced into trigonometry by the Moors or Arabians, from 
whom this art passed into Europe, with several other 
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branches of science. The Europeans have introduced, 
since the loth century, the tangents and secants, with the 
theorems relating to them. See the history and improve¬ 
ments at large, in the Introduction to my Mathematical 
Tables. 

The proportion of the sines, tangents, &c, to their ra¬ 
dius, is sometimes expressed in common or natural num¬ 
bers, which constitute what arc called the tables of na¬ 
tural sines, tangents, and secants. Sometimes it is ex¬ 
pressed in logarithms, being the logarithms of the said 
natural sines, tangents, «5cc ; and these constitute the table 
of artificial sines, &c. Lastly, sometimes the proportion 
is not expressed in numbers; but the several sines, tan¬ 
gents, &c, are actually laid down upon lines of scales; 
whence the line of sines, of tangents, &c. See Scale. 

In trigonometry, as angles arc measured by arcs of a 
circle described about the angular point, so the whole 
circumference of the circle is divided into a great number 
of parts, as 360 degrees, and each degree into 6*0 minutes, 
and each minute into 00 seconds, *cc; then any angle is 
said to consist of so many degrees, minutes, and seconds, 
as are contained in the arc that measures the angle, or 
that is intercepted between the legs or sides of the angle. 

Now the sine, tangent, and secant, &c, of every degree 
and minute, &c, of a cpiadrant, are calculated to the ra¬ 
dius I, and ranged in tables for use; as also the loga¬ 
rithms of the same; forming the triangular canon. And 
these numbers* so arranged in tables, form every species 
of right-angled triangles, so that no such triangle can be 
proposed, but one similai 4 to it may be there found, by 
comparison with which, the proposed one may be com¬ 
puted by analogy or proportion. 

As to the scales of chords, sines, tangents, &c, usually 
placed on instruments, the method of consti acting them 
is exhibited in the scheme annexed to the article Scale; 
which, having the names added to each, needs no farther 
explanation* 

There arc usually three methods of resolving triangles, 
or the coses of trigonometry; viz, geometrical construc¬ 
tion, arithmetical computation, and instrumental opera¬ 
tion. In the 1st method, the triangle is Constructed by 
drawing and'laying down the several parts of their magni¬ 
tudes given, viz, the sides fr*»m a sc ileof equal parts, and 
the angles from a scale of chords, or other instrument; 
then the unknown pants ar»* measured by the same scales, 
and so they become known. 

In the 2d method, having stated the terms of the pro¬ 
portion according to rule, which terms consist parity of 
the numbers of the given sides, and partly of the sines, &c, 
of angles taken from the tables, the proportion is then 
resolved like all other proportions, in which a 4ll» term is 
to be found from three given terms, by multiplying the 2d 
and 3d together, and dividing the product by the first. 
Or, in working with the logarithms, adding the log. of the 
2 d and 3d terms together, and from the sum subtracting 
the log. of the 1st term, then the number answering to the 
remainder is the 4th term sought. 

- To work a case instrumentally, os suppose by the log. 
line* bn one side of the twu-foot scales: Extend the com¬ 
passes from the 1st term to the 2d, or 3d, which happens 
to be of the same kind with it; then that extent will reach 
from the other term to the 4th. In this operation, for the 
aides of triangles, is used the line of numbers (marked 
Nujd.),;. ami for the angles, the line of sines or tangents 


(marked sin. and tan.) according as the proportion re¬ 
spects sines or tangents. 

In every case of irianglcs, as has Leen hinted before, 
there must be given three parts, one at least ot which must 
be aside. And then the different circumstances, as to the 
three parts that may be givcu, admit ol three cases or va¬ 
rieties only ; viz, 

1st. When two of the three parts given, are a side and 
its opposite angle.—2d, When there are given two sides 
and their Contained angle.—3d, And thirdly, when the 
three sides are given. 

To each of these cases there is a particular rule, or pro¬ 
portion, adapted, for resolving it by. 

1st. The Rule for the 1st Case , or that in which, of the 
three parts that are given, an angle and its opposite side 
arc two of them, is this, viz, That the sides are propor¬ 
tional to the sines of their opposite angles. 

That is, 

As one side given : 

To the sine of its opposite angle : ; 

So is another side given : 

To the sine of its opposite angle. 

Or, As the sine of an angle given : 

To its opposite side : : 

So is the sine of another angle given : 

To its opposite side. 

So that, to find an angle, we must begin the proportion, 
with a given side that is opposite to a given angle; and to 
find a side, we must begin with an angle opposite to a given 


side. 

Note. An angle found by this rule is ambiguous, or un¬ 
certain whether it be acute or obtuse, unless it be a right 
angle, or unless its magnitude be such as to prevent the 
ambiguity; because the sine answers to two angles, which 
are supplements to each other; and accordingly the geo¬ 
metrical construction forms two triangles with the same 
parts that are given, as in the example below ; and when 
there Is no restriction or limitation included in the ques¬ 
tion, cither of them may be taken. 1 he degrees in the 
table, answering to the sine is the acute angle ; but if an 
angle be obtuse, subtract those degrees from 130°, and the 
remainder will be the obtuse angle. When a given angle 
is obtuse or a right one, there can be no ambiguity; for 
then neither of the other angles can be obtuse, and the 
geometrical construction will form but one triangle. 

Ex. Suppose in the 
plane triangle a DC, there 
be given 

ab = 345 yards 
DC = 2 32 yards 
Z.A = 37° 20' 
to find the other side 

and tbc angles. 

1. Gtometricklh /, by Construction. 

Draw an indefinite line, upon which set off ad = 345, 
from some convenient scale of equal parts.—Make the an¬ 
gle a = 37° 20/—With a radius of 232, taken from the 
same scale of equal parts, and centre n, cross ac in the 
two points c, c. Lastly, join bc, bc, and the figure is con¬ 
structed, which gives two triangles, and showing that the 
case is ambiguous. 

Then the sides ac measured by the scale of equal parts,, 
and the angles b and c measured by the line of chords, or 
other instrument, will bc found to be nearly as follow; vi^ 





c 630 3 


TRI 


log. 2 3654880 
97827968 
2*5378191 
- 9*9651269 
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ac 174 4.b27° Z.C 1154° 

or 374i or 7^1° or 64i. 

2. Arithmetically, by Tables of Logs. 
First, to find the angles at c. 

As side bc 232 
To sin. op. Z.A 37° 2o' 

So side a B 345 

To sin. op. 4.C 115° 56' or 64° 24' 
add 4 a 37 20 37 20 

the sum 152 56 101 44 

taken from 180 00 180 00 

leaves 4. n 27 04 or 78 l6. 

Then, to find the side ac. 

As sin 4. a 37' 20* 

To op. side bc 232 

f 27 04 

So sin AB 178 16 

To op. side ac 174‘07 
or, 374 56 


log. 9 7827958 
2-3654880 
9-6580371 
99y08291 
2-2407293 
2-5735213. 


3. Instrument ally, by Gunter's Lines. 

In the first proportion.—Extend the compasses from 
232 to 345 upon the line of numbers; then that extent 
will reach, in the sines, from 374° to 644°, the angle c. 

In the second proportion.—Extend the compasses from 
374° to 27° or 7S4', on the sines; then that extent will 
reach, on the line of numbers, from 232 to 174or 374*; 

the two values of the side ac. , 

2r/ Case, when there are given two sides and their con¬ 
tains! angle, to find the rest, the rule is this; 

As the sum of the two given sides : 

Is to the difference o'f those sides : ; 

So is the tang, of half the snm of the two opposite 
angles, or cotangent of half the given-angle: 

To tang, of half the diff. of those angles. 

Then the half diff. added to the half sum, gives the 
greater of the two unknown angles; and subtracted, leaves 

tbc less of the same two angles. 

Hence, the angles being now all known, the remaining 
3d side will be found by the former case. 

Note. When the triangle is isosceles, the angles at the 
base arc each equal to half the supplement of the gi^en 
angle, or that at the vertex ; whence the third side may be 
found directly by the former case. 

Ex. Suppose, in the triangle abc, there bc given 
ac = 154-33 
bc = 309-86 

4.C = 98° 3' 
to find the other side and 
the angles. 

1. Geometrically. —Draw two indefinite lines making 
the angle c = 98° 3 f : upon these lines setoff ca = 154|, 
and cb = 310: Join the points a and n, and the figure is 
constructed. Then, by measurement, as before, we find 
the 4.A = 57i ; 4.B 244 ; and side ab = 365. 

4 Jp VHlUflWi 

2. By Logarithms, 

As cb + ca = 464*19 

To cb — ca = 155-53 

So tan. 4 a -t- ^n = 40° 584' 

To tan 4 a — $b = 16 134 
sum gives 4. a 57 12 
diff. gives 4. B t4 45 
Then, As sin. 4.B = £4° 45' 

To side ac = 154 33 



So sin 4.C = 98° 3', or 81° 57' - 9 9956993 

‘ To side as = 365 - 2-5622885 

3. InstiumentuUy .— Extend tbc compasses from 404 to 
1554 upon the line of numbers; then that extent will 
reach, upon the line of tangents, from 41° to l6$°. Then, 
in the 2d proportion, extend the composes from 24| J to 
82° on the sines; and that extent will reach, upon tbc 
numbers, from 154* to 365, which is the third side. 

3d Case, is when the three sides arc given, to find the 
three angles; and the method of resolving this case is, to 
let a perpendicular fall from the greatest angle, upon the 
opposite side or base, dividing it into two segment-, and 
the whole triangle into two right-angled triangles: thcp.it 
will be, ’ 

As the base, or sum of the two segments : 

Is to the sum of the other two sides : : 

So is the ditlerence of those sides : 

To the difference of the segments of the base. 

Then half this difference of the two segments added to 
the half sum, or half the base, gives the greater segment, 
and subtracted, gives the less. Hence, in each of the two 
right-angled triangles, there are given the hypotbenuse, and 
the base, besides the right angle, to find the other angles by 
the 1st case. 

Ex. In the triangle abc, suppose there are given the 
three sides, to find the three angles, viz, 

ab = 365 C 

AC = 154-33 
bc = 309-86 
to find the angles. 

1. Geometrically. —Draw the base 
ab = 365: with the radius 154} and centre a describe 
an arc; and with the radius 310 and centre B describe 
another arc, cutting the former in c; then join AC, and bc, 
and the triangle is constructed. And by measuring the 
angles, they arc found, viz, 

4. a = 574° ; 4.B = 24J° ; 4.C = 98° nearly. 

2. Arithmetically. —Haring let fall the perpendicular CP, 
dividing the base into the two segments ap, pu, and the 
given triangle abc into the two right-angled triangles acp, 
bcp. Then 

= 3 65 



As AB 

To CB -t- CA = 464*19 

So CB CA = 

To UP — PA = 
its half = 

I 


log. 2*5622929 

2*6666958 

2-1918142 

2-2962171- 


t aii = 
sum bp = 
dill', a p = 


log. 2*6666958 
2* 1918142 
- 99387803 

9*4638987 


log. 9 6218612 
2*1884504 


155*53 
197*80 

98*90 ' 

182*50 
281*40 
83-60. 

Then, in tbc triangle a pc, right-angled at P, 

As ac = 154-33 - log. 2-1884504 

To sin. 4 .P =90° - - 10*0000000 

So ap . = 83*6 - - 1-9222063 

Tosin.4.ACP= 32^48' - 9 7437559 

i(s comp. 4. A =57 12. 

And in the triangle ncy, right-angled at p, 


As bc = 309*86 

To sin. 4.P = 90° 

So bp = 281*4 _ 

To sin. 4. bqp = 65° 15' 
itscomp. 4.B = 24 45 
Also to 4. acp = 32 48 
add 4. bcp = 65 15 
makes 4 . acb = 9S. 3 


- log. 2.4911655 
100000000 
2*4493241 
99581586 
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3. Instrument ally. —In the 1st proportion, Extend the 
compasses from 365 to 464 on the line of numbers, and 
that extent will reach, on the same line, from 155* to 
19 / 8 nearly.—In the 2d proportion. Extend the com¬ 
passes from l54y«to 83 % 0 on the line of numbers, and that 
extent will reach, on the sines, from Q()° to 32}° nearly. 
—In the 3d proportion. Extend the compasses from 310 
. to 2S\{ on the line of numbers; then that extent will 
reach, on the sines, from 90° to 65}°. 

Another method of resolving this case, and that atone 
operation, is as follows: 

1. Add together the logarithm of half the sum of the 
three given sides and the logarithm of the ditkri ncc be¬ 
tween this half sum and the side opposite the angle sought, 
and find the complement of their sum. 2. 1 hen, to this 
Complement, increased by 10 in the index, add the loga¬ 
rithms of the differences between the said half sum and 
each of the other two sines, and the result, divided by 2, 
will give the tangent of half the required tingle. 

Thus, resuming the same example, to find the angle a, 
the work will be as under: 

ah = 365-00 

AC = 154 33 1 

bc = S09-S6 side op. required Z.A. 

Sum 82 p -19 

i sum 414 595 - log. 2 # 6l7624l 
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arc. Then, by measuring, there will be found ac 
270, and bc = 216. 

2. Arithmetically . 

As radius = lO - log. 10 0000000 

To a B = 10*2 - - 2-2005150 


dif. 10473 


sum 


202007 11 
4-6*376.052 

5*302304S 


10*0000000 

Hf * 

1’6.05437 9 

24154158 

10-4731585 

97365792 


log. complem. of do. 5*302304S 
add - lO'OOOOOOO 

Differences between ( 

ass* 

sym of these - 19*4731585 

tan. 4 -Z.a = 28° 36' £ sum 9 7365792 
_2_ 

- , a 57 12 the same as before. 

The foregoing three cases include all the varieties of 
plane triangles that can happen, both of right and oblique- 
angled triangles. But beside these, there are some other 
theorems that arc usctul upon muny occasions, or suited 
to some particular forms of triangles, which are often 
more expeditious in use than the foregoing general ones; 
one of which, for right-angled triangles, ns the case for 
which it serves so often occurs, may be here inserted, and 
iwas follows: 

Case 4. When, in a right-angled triangle, there are given 
the angles and one leg, to find the other leg, or the hypo- 
then use. Then it will be, 

As radius : . 

t 

To given leg ab : : / 

So tang, adjacent Z.A : || / 

To the opp. leg bc, and *: i Jjp / 

So sec. of same ^ / 

To by pot. ac, * # / 

Ex . In the triangle abc, right-angled £ - 1 

at n, • . 

Given the leg ab = 162*) 
and the 53° 7' 48" > to find bc and ac. 

coiiscq. z.c = 36 52 12 ) ^ 

1. Geometrically. —Draw the leg ab = 162: Erect the 
indefinite perpendicular bc : Make the angle a = 531°, 
and the side ac will cut bc in c, and form the triangle 
Vol. II. 


find bc and ac. 


As radius = lO 
'I*o ab =10*2 

So tan. = 53 7' 

To bc =216 

So sec. a = 53 7 
To ac = 270 


-IS" 


r 4s" 


lO'OOOOOOO 
2-2095 I 50 
10-124937'i 

2-3341322 

10-2218477 

2.43136*27 


3. Inst rumen/ally. —Extend the compasses from 45° at 
the end of the tangents (the ndiu*) to the tangent of 50j° ; 
then that extent will reach, on the line of numbers, from 
16*2 to 216, for bc. Again, extend the compasses from 
36° 52' to 90 on the sines; then that extent will rend., on 
the line of numbers, from 162 to 270 for ac. 

Note, Another method, by making every side radius, U 
often added by the authors on trigo- *; 

noinctry, which is thus: The given A'* 

right-angled triangle being abc; 
make first the hypothenusc ac ru- 
dius, that is, with the extent of ac / \ | 

as a radius, and each of the centres / { • 

a and c, describe arcs cu and ae ; jkT7. ” ii.p 

then it is evident that each leg will .. 

represent the sine of its opposite angle, viz, the leg bc the 
sine of the arc CD or of the angle* a, and the leg ab th* 
sine of the arc a e or of the angle c. Again, making cither 
leg radius, the other leg will represent the tangent of it* 
opposite angle, and the hypothenusc the si cant of the same 
angle; thus, with radius a b ami centre a describing the 
arc bp, bc represents the tangent of that arc, or of the an¬ 
gle a, and the iiypoliicnusc ac the secant of the same; or 
with the radius bc and centre c describing the arc no, the 
other leg ab is the tangent of that arc bc, or of the angle 
c, and the hypothenusc ca the secant of the same. 

And then the general rule for all these cases is this, viz, 
that the sides bear to each other the suino proportions as 
the parts or things which they represent. Aud this is 
called making every side radius. 

For Plane Trigonometry considered analytically, see 
my Course of Mathematics, vol. 3, chap. 3. 

Spherical Trigonometry, is the resolution and cal¬ 
culation of the sides and angles of spherical triangles, 
which arc made by three intersecting arcs of great circles 
on a sphere. Here, any three of the six parts being given, 
even the three angles, the rest can bc found ; and the sides 
are measured or estimated by degrees, minutes, and se¬ 
conds, as well as the angles. 

Spherical Trigonometry is_ divided into right-angled and 
oblique-angled, or the resolution of right and oblique- 
angled spherical triangles. When the spherical triangle 
has a right angle, it is called a right-angled triangle, as 
well as in plane triangles; and when a triangle has one of 
its sides equal to a quadrant of a circle, it is called a quu- 
drantal triangle. 

For the resolution of spherical triangles, there arc va¬ 
rious theorems and proportions, which are similar to those 
in plane trigonometry, by substituting the sines of sides in¬ 
stead of the sides themselves, when the proportion respects 
sines; or tangents of the sides for the sides, when the pro¬ 
portion respects tangents, &c ; some of the principal .of 
which theorems arc as follow : 

Theor . I. In any spherical triangle, the sines of the sides 
•re proportional to the sines of their opposite angles. 

3 Z 
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Thcor.2. In any right-angled triangle, 

As radius 
To sine of one side 
So long, of the adjacent angle 
To tang, of the opposite side. 

Them. 3. If a perpendicular be let fall from any angle, 
upon the base or opposite side of a spherical triangle ; it 
will be. 

As the sine of the sum of the two sides : 

To the sine of their difference • • 

So cotan. \ sum angles at the vertex '• 

To tang, of half their difference. 

Thcor . 4. 

As tang, half sum of the sides 
To tang, half their difference 
£/So tang. }• sum Z.s at iho base 
'i o tang, half tl/eir difference. 

Thcor. 5. 

As cotan. I sum of Z.s at the base 
To tang, half their difference 
So tang. { sum of /.$ at the vertex 
To tang half their difference. 

Thcor . 6\ 

As tang. { sum segments of base 
To tang, half sum of the sides 
So tang, half difference of the sides 
To tang, y diff. segments of base. 

Thcor. 7. 

As sin. sum of Z.s at the base 
To sine of their difference 
So tang. sum segments of base 
To tang, of half their difference. 

Thcor . 8. 

As sin. sum of segments of base 
To sine of their difference 
So sin. sum of angles at the vertex 
To sine of their difference. 

Thcor. 9. 

As sine of the base 
To sine of the vertical angle 
So sin. of diff. segments of the base 
To sin. diff. z.s ut vertex, when the perp. falls 
within 

Or so sin. sum segments of base * 

To sin. sum vertical Z.s, where the perp. falls 
without. 

Thcor. 10. * 

As cosin. half sum of the two sides 
To cosine of half their difference 
So cotang, of half the iucludcd angle 
To tang, half sum of opposite angles. 

Thcor. II... 

As sin. of half sum of two sides 
To sine of half their difference 
So cotang, half the included angle 
To tang. * diff. of the oppos. angles. 

Thcor. 12. 

As cosin. half sum of two angles 
To cosine of half their difference 
So tang, of half the included sides 
To tang, i sum of the opposite aides. 


Thcor . 13. 

As sin. half sum of two angles : 

To sine of half their difference : : 

So tang, half the included side : 

To tang. diff. of the opposite sides. 

Thcor. 14. In a right-angled spherical triangle. 

As sin. sum of hypot. and one side : 

To sin. of their difference : : 

So radius squared . . 

To square of tang, i contained angle. 

Thcor . 15. In any spherical triangle. 

The product of the sinrs of two sides and of the cosine of 
the included angle, added to the product of the cosines of 
those sides, is equal to the cosine of the third side; the 
radius being 1. 

Thcor . 16. In any spherica^trianglc. 

The product of the sines of two ihgles and of the.cosinc 
of the included side, minus the product of the cosines of 
those angles, is equal to the cosine of the third angle; the 
radius being 1. 

By some or other of these theorems may all the cases 
of spherical triangles be resolved, both right-angled and 
oblique : viz, the cases of right-angled triangles by the 
1st and ^d theorems, and the oblique triangles by some 
of the other theorems. 

In treatises on trigonometry are to be found many other 
theorems, as well as synopses or tables of all the cases, 
with the theorem that is peculiar or proper to each. Sec 
the Introduction to my Mathematical Tables, pa. 156 &c;. ■ 
or Robertson's Navigation, vol. 1, pa. 16’2. See also Na¬ 
pier's Catholic or Universal Rule in this Dictionary. 

To the foregoing theorems may be added the following 
synopsis of rules for resolving all the cases of plane and 
spherical triangles, under the title of m 

Trigonometrical Rules . 

1. In a right-lined triangle, whose sides are a, b, c, and 
their opposite angles a, 6, c; having given any three of 
these, of which one is a side; to find the rest. 




Put s for the sine, s' the cosine, t the tangent, and t' the 

cotangent of an arch or angle, to the radius r; also x. for 

a logarithm, and i/ its arithmetical complement. Then 

Case 1. When three sides a, b, c, are given. 

Put p = £(a B c) or semiperimetcr. 

riM t — a) x fr — b)^ 

Then s. \c — r*J - 


And s'. \c = ry' 


P X 


A X B 

(r- c) 


A X B 

r.. s. A c =^.i (n. (p — a) l. (p — b) •+• 


x/a 


i.'s. £ c (i~ p -+- l. (p — c) 
Note, When a = b, then 


jJa 




i/b), 


s - * c = T 


r 

a 


And s' fc = rtj 


*■ - 4c* 


i!» 


Case 2.' Given two sides a, b, and their included angle *. 

Put s = 90 ° — 4c, and t. d = x t. s; then 

. , „4 *B + »* 4* 

a = s -+- d; and b = s — a. And c = vi--- 

+ (a - »)*). 

Or in logarithms, putting L. Q 


= 2 l* (a — b), and 
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L. n = L. 2 a + L. 2b - 4 - 2l. s . \c — 20, \vc shall have 
L. c = i l. (Q -t- u). 

If the angle c be right, or = 90 ° ; then 


3 


t. a — —r; t. b = —r; 

C A 


C = 


-a, or = —-b, or = v/(a* B a ). 


If a = b ; \vc shall have 
— b = 90° — and 


c = 




2 a. 


Case 3. When a side and its opposite angle are among 
the terms given ; then 

' A B C 

- = —- = —: from which equations any term 

5. a s . /• s. c J 

wanted may be found. 

When an angle, as a, is 90°, and a and c arc given ; 
then 

b =v/(a 2 — c : ) =v/(a -f- c) x (a — c). 

And l. b = i (l. (a -t- c) l. (a — c)). 

Note, When two sides a, d, and an angle a opposite to 
onc-of them, are given; if a be less than b, than 6, c, c 
have each two values ; otherwise, only one value. 

II. In a spherical triangle, whose three sides are a, b,c, 
and their opposite angles a> b, c ; any three of these six 
terms being given, to line! the rest. 




Case 1. Given the three sides a # b, c. 

Calling 2 p the perim. or r = } ( A + D + c )« 

AH . * /S.(f — a) x s.(p — ii) 

Then s.ic — r —-- 

T S.A X S.B 

And s'ic = r y/ *’* * - > (> ~ c) . 

l.sAc = \ (l.s.(p - a) -4- l.s.(p-c) + l's.a + l's.b) 
L.S ic = $ ( L.S.P 4- L.S.(P — c) -h L's.A l's.b). 
And the same for the other angles. 

Case 2. Given the three angles. 

Put 2p = a. -4- b ■+■ c. Then 


«.*c = r y/ 


%'p X tf(p-c) 


§M X 

tf(p — a) x s'(/* — b) 
• .a x 


And 


% f \c = r 
z ^ ■ .ax %J> 

L.S.jc = i(L.S'/> "4" L !.'(P “ f) ■+• L's-a + l's.b). 

L.s'lc = i(L.s'(p — a) t.s(p — 6) -4- L's.rt LS.'i*) 

And the same for the other sides. 

Note. The sign > signifies greater than, and < less; 
also, c/5 the difference. 

Case 3. Given a, a, and included angle c. 

To find an anglc'a opposite the side a, 
let r : s'c : : t. a : t. M, like or unlike a, 
as c is > or ^ 90° also » = 
then s. n : s. M : : t. c : t. a, like or unlike 
c as m is > or < b. 

Or let s'^(a b) : s'4(a </5 b) : : t'fc : t. m, 
which is > or < 9 0° as a -4- b is > or <5 180°; 
and s.i(A -h b) : s.(a cob) : : t '\c : t. a, > 90 °. 
then a = m -4- N; and b = m — n. 

Again let r : s'c : : t. a : t. m, like or unlike a as c is 

> or < 90°; andN = BW »r. 

Then s' m : s' v : : 

> or < 90°. Or, 

,. 4C = * S >;C w 


like or unlike k as c is 


In logarithms, put L. q = 2l.s.|(a co b) ; and 
L. R = l. s. a - 4 - L. s. b - 4 - 2l. s. 4c — 20; then 
L s.-Jc = |L.(Q - 4 - r). 

Case -t. Given a, b, and included side c. 

First, let r : s'c : : t. « : t'/«, like or unlike a as c is 
> or < 90'; also n = b rj-. m. 

Then s'« : s'/n : : t. c : t. a, like or unlike n as a is > or 

90'. 


or 


9 o 


Again, let r : s'c 


then s.m. : s.n. 


90° ; 


as c is 


as m is 


Or, let s '(\a -4- b) : s'f (a C/> b) : : t.Jc : t. m, 

as a h- b is > or < 1S0 W ; 
and sAjC« -+- !>) : s4(a b) : : t. : t \\ 

then a = M ± N ; and b = m ^ n. 

: t. a : l'm, like or unlike a 

> or < qo°; 

and n ~ b v> m: 
s'o : s'c, like or unlike a 
> or < b. 

Case 5. Given a, b, and an opposite angle a. 

1st. s. a : s. a. : : s. n : s. b, > or < 90 a . 

2nd. Let r : s'b : : t. a : l'm, like or unlike b as a is 

> or < 90° ; 

and L a : t. b : : s'/n : s'n, lijce or unlike a as a is > or 

< 9«°: 

then c = tn ± n, two values also. 

3dly. Let r : s’a : : t. b : u M, like or unlike b as a is 

> or < yo°; 

and s'b : s'a : : s'm : s'n, like or unlike a as a is > or 

< 90°: 

then c = M i n, two values also. 

But if a be equal to B, or to its supplement, or be¬ 
tween b and its supplement; then is b like to b : also c is 
= m ^ n, and C = M ± n, as b is like or unlike a. 
Case 6. Given a, b, and an opposite side a. 

1st. s. a. • s. a : : s. b : s. b, >• or <3 90 °. 

2nd. Let r : s'6 : : t. a : to t. m, like or unlike b as a is 

> or < 90°; 

and t. a : t. b. : : s. xi : s.n, > or < 90 °: 
then c = m ± n, os a is like or unlike b. 

3dly. Let r : s'a i : t. b : t'm, like or unliko b as a 

> ort- 90°; 

and s'b : s'a : : s. m. : s. n, > or ■< 90°: 
then c = m ± n, as a is like or unlike b. 

But if a be equal to b, or to its supplement, or be¬ 
tween B and its supplement; then n is unlike b, and only 
the less values of n, n, are possible. 

A 'ole. When two sides a, b, and their opposite angles 
a, b, arc known ; the third side c, and its opposite angle 
c, arc readily found thus; 


s.£(a </> b) : s.i(a 

*-tC a w b ) : S -1( A 


b) 

») 


t. 4 (a CO b) ; t.ic. 
t. £(a co 6) ; t. 4c. 






III. In a right-angled spherical triangle, where n is the 
hypothcnusc, or side opposite the right angle/n, p the 
other two sides, and b, p their opposite angles ; any two 
of these five terms being given, to find the rest; the cases f 
with their solutions, arc as in the following table. 

The same tablo will also servo for the quadrantal tri- 
wiglc, or that which has one side = 90 , a being the 

S Z 2 
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an „l c opposite that side, b, r the other two angles, .and its supplement : and mutually change the terras like and 
h, the'r opposite sides : observing, instead of it, to take unhke for each other a here » is concerned. 


Cut* 


Giten | H'*) 1 i 


SOLU HONS. 


II 

B 


«» 


3 


H 

i 


n 

b 


B 

P 


a 

P 


b 

P 


t, 1 s. 11. : r : : S.B : s.A, and is Ilk 

V , r : : : , . n : s > 1 , > or 

p s'n : »■ : : s u : >'p j 

e n 

< 90 ° as n is like or unlike b 

:-; 

11 

P 

p 

r : s n : : s.6 : s.B, like 0 

r : »[0 : : t.ii s t r V > or 

r : s II : : t.h : vp J 

< 90° as H is like or unlike b 

11 

1* 

p 

! , r B ; : i'® i I'.v l , each > or < 90°; both values true 
s'a : r : : s'b : s./> ^ _ ---—- 

11 

b 

p 

. : s ‘ p : i n, > or < 90 ° as n is like or unlike p 
r : s'a : : s ./> : *'b, like b 

•• • «.n : : t.p : t.P. like p ___— 

11 

b 

p 

r : s'n : : s i* : s'n, > or < 90° as b is like or unlike P 
r : s.p : : like B 

r : s.n : : t'r : ,ikc v _—-n- 

11 

B 

P 

r : t 'b : : t 'p : * »«, > or < 

s.p : r ; ; %'b : s’n like b 

s.b : r : : s 'p : s'p like p 

yo° as b is like or umiKc p 


The following propositions and remarks, concerning 
spherical triangles, (selected and communicated by 
the reverend Ncvil Moskelyi.c, d. t>. astronomer royal, 
p. it. s.) will also render the calculations of them perspi- 
cuous, and free from ambiguity. 

“ i. A spherical triangle is equilateral, isoscelar, or 
scalene, according as it has its throe angles all equal, 
or two of them equal, or all three unequal; and race 

versa . 

2. The greatest side is always opposite the greatest 
angle, and the smallest side opposite the smallest angle. 

3. Any two sides taken together, arc greuter than the 

third. . 

4 . If the three angles are all acute, or nil right, or all 
obtuse; the three sides will be, accordingly, a 1 less than 
90°, or equal to 90°, or greater than 90 ; and vice versa. 

5. If from the three angles a, b, c, of a triangle abC, 

as poles, there be described, upon 
the surface of the sphere, three 
arches of a great circle db, dp, 
fp., forming by their intersec¬ 
tions a new spherical triangle 
dep ; each side of the new tri¬ 
angle will be the supplement of 
the angle at its pole; and each 
angle of the same triangle, will be the supplement of the 
side opposite to it in the triangle abc. • 

6'. In any triangle abc, or a fee, right-angled in A, 1st, 
The angles at the hypothenuse arc al- • c 
ways of the same kind as their oppo¬ 
site sides ; 2dly, The hypothenuse is 
less or greater than a quadrant, ac¬ 
cording as the sides including the 
right-angla. are of the same or dif¬ 
ferent kinnl; that is to say, accord¬ 
ing as these same sides aro either both acute or both ob¬ 
tuse, or as one is acute anil the other obtuse. And, tice 
versa, 1st, The sides including the right angle, arc always 
of the same kind as their opposite angles; 2dly, 'I besides 
including tbe right angle will be of the same or different 




kinds, according as the hypothenuse is less or more than 
90°; but one al least of them will be of 90 , if the bypo- 

thcnusc is so.” n , .. 

Analytical TRIGONOMETRY. See my Course ol Ma¬ 
thematics, last vol. 

TRILATERAL, three-sided, a term applied toall figure* 
of three sides,'or triangles. 

TRILLION, in Arithmetic, the number of a million 
of billions, or a million of million of millions., 

TRIMMERS, in Architecture, pieces of timber framed 
at right angles to the joists, against the ways for chimney* 
to support the hearths, and the well-holes for stairs. . 

TRINE Dimension, or threefold dimension, includes 
length, breadth, and thickness. The trine dimension is 

peculiar to bodies or solids. 

TRINITY Sunday, is the next after Whitsunday ; so 
called, because on that day was anciently held a festival 
(as it still continues to be in the Romish church) in honor 
of the lloly Trinity.—The observance of this festival was 
first enjoined by the 6th canon of the council of Arles in 
1260 ; and John the 22d, who distinguished himSelf so 
much by his opinion concerning the beatific vision, tt is 

said, fixed the office for this festival in 1334. 

TRINODA, or Trinodia Terra, in some ancient 

writers, denotes the quantity of 3 perches of land. 

TRINOMIAL, in Algebra, is a quantity, or a root, con¬ 
sisting of throe parts or term*, connected together by the 

signs -*■ or — : as a + 6 — q orr + ^ + z. 

TRIO, ill Music, a part of a concert in which three 
persons sing; or rather a musica composition cmps.«ing 
J>f 3 parts.—Trios are the finest kind of musical compo¬ 
sition, and please most in concerts. 

• TRIONES, in Astronomy, a kind of constellation, or 

assemblage of 7 stars in the Ursa Major, 

Charles’s Wain.—From the Septem Trtoncs the north pole 
takes the denomination Scptcntrip. , ,. . 

TRIPART1TION, is a division by 3, or tbe taking ot 
the 3d part of any number or quantity. 

TRIPLE, threefold. See Ra*io and SubtripIR. 
Triple, in Music, is one of the species of measure or 
time, and i* taken from hence, that the whole, or half 




measure, is divisible into 3 equal parts, and is beaten ac¬ 
cordingly. 

TRIPLICATE Ratio , is the ratio which cubes, or any 
similar solids, bear to each other; and is the cube of the 
simple ratio, or this twice multiplied by itself. Thus 1 to 
8 is the triplicate ratio of 1 to 2, and I to 27 triplicate 
of I to 3. i 

TRIS-Diapason, or Triple Diapason Chord, in Music, 
is what is otherwise called a triple eighth. 

TRISECTION, the dividing a thing into three equal 
parts. The term is chiefly used in geometry, for the divi¬ 
sion of an angle into three equal parts. The trisection of 
an angle geometrically, is one of those great problems 
whose solution has been so much sought for by mathema¬ 
ticians, for 2000 years past; being, in this respect, on a 
footing with the famous one concerning the quadrature of 
the circle, and the duplicaturc of the cube. 

The ancients trisected an angle by means of the conic 
sections, and the book of inclinations ; and Pappus enu¬ 
merates several ways of doing it, in the 4th book of his 
Mathematical Collections, prop. 31, 32, 33, 34, 35, &c. 
He further observes, that the problem of trisecting an an¬ 
gle, is a solid problem,or a problem of the 3d degree, being 
expressed by the resolution of a cubic equation, in which 
way it has been resolved by Vieta, and others of the mo¬ 
derns. See his angular sections, with those of other au¬ 
thors, and the trisection in particular by cubic equations, as 
in Guisne’s Application of Algebra to Geometry,in lTIos- 
pital's Conic Sections, and in Emerson’s Trigonometry, 
book 1, sec. 4. The cubic equation by which the problem 
of trisection is resolved, is as follows: Let 2 c denote the 


chord of a given arc, or angle, and x the chord of the 3d 
part of the same, to the radius 1 ; then is x 3 — 3.r = — 2r, 
by the resolution of which cubic equation is found the va¬ 
lue of x, or the chord of the 3d part of the given arc or 
angle, whose chord is c ; and the resolution of this equa¬ 
tion, by Cardan’s rule, gives the chord 

x=^( -c- v/(^ ~ 1)) 
or x =^( - c + */(c l - 1 ))-^( - c “ ✓ («* - 0). 

TRISPAST, or Tiiispaston, in Mechanics, a machine 
with 3 pulleys, or an assemblage of 3 pulleys, for raising 
orcat weights; being a lower species of the polyspaston. 

° TRITE, in Music, the 3d musical chord in the system 

to f the ancients. ... 

• TRITONE, in Music, a false concord, consisting of 
three tones, or a greater third, and a greater tone. Its ra¬ 
tio or proportion in numbers, is that of 45 to 32. 

TROCHILE, in Architecture, is that hollow ring, or 
cavity, which runs round a column next to the tore. 

TROCHLEA, in Mechanics, one of the mechanic 
powers, more usually called the pulley. 

TROCHOID, in the Higher Geometry, a curve de¬ 
scribed by a point in any part of the radius of a wheel, 
during its rotatory and progressive motions. This is the 
same curve as what is more usually called the cycloid, 
where the construction and properties of it arc shown. 
TRONE Weight, the most ancient of the different 

■weights used in Scotland. _ 

Tiione Pound, in Scotland, contains 20 Scotch ounces. 
Or because it is usual to allow one to the score, the tronc 

pound is commonly 21 ounces. c .' , c . 

Trowe Stone, in Scotland, according to Sir John Skene, 

contains 19 t pounds. ,. , 

TROPHY, in Architecture, on ornament which repre- 


sents the trunk ol a free, charged or encompassed all 
around with arms or military weapons, both offensive and 
defensive. 

TROPICAL, something relating to the tropics. As, 
Tropica l- Hinds. See Wind, and Trade -Winds. 

Tropical Year, the space of time during which the 
sun passes round from a tropic, till his return to it again. 
See V f. a r. 

TROPICS, in Astronomy, two fixed circles of the 
sphere, drawn parallel to the equator, through the solsti¬ 
tial points, or at such distance from the equator, as is equal 
to the sun's greatest recess or declination, or to the obli¬ 
quity of the ecliptic. 

That on the north side of the equator, passes through 
the first point of Cancer, and is therefore called itie Tropic 
i f Cancer. And the other on the south side, passing 
through the first point of Capricorn, is called the Tropic 
of Capricorn. 

To determine the distance between the two tropics, and 
thence the sun's greatest declination, or the obliquity of 
the ecliptic ; observe the sun's meridian altitude, both in 
the summer and winter solstice, and subtract the latter 
from the former, so shall the remainder be the distance be¬ 
tween the two tropics ; and the half of this the quantity 
of the greatest declination, or the obliquity of the ecliptic ; 
the medium of which is now 23^ 27 46" nearly. 

Tropics, in Geography, are two lesser circles of the 
globe, drawn parallel to the equator through the begin¬ 
nings of Cancer and Capricorn, being in the planes of the 
celestial tropics, and consequently at 23° 28' distance 
nearly, either way irom the equator. 

TROY-/frig/''* anciently called trone-weight, is sup¬ 
posed to be taken from a weight of the same name iu 
France, and that from the name of the town of Troyes 
thcie. The original of all weights used in England, was 
a corn or grain of wheat gathered out ot the middle of 
the ear; and, when well dried, 32 of them were to make 
one pennyweight, 20 pennyweights 1 ounce,and 12 ounces 
1 pound troy* Vide statutes of 31 lien, ill; 31 Ed. 1. 
and 12 Hen. VII. But afterward it was thought sufficient 
to divide the said pennyweight into 24 equal parts, culled 
grains, being the least weight now in common use ; so that 
the divisions of troy weight now are these: 

24 groins == 1 pennyweight dwt. 

20 pennyweights = l ounce - oz. 

• 12 ounces = 1 pound lb. . 

By troy-weight are weighed jewels, gold, silver, and all 
liquors. 

TRUCKS, among Gunners, are the small wooden 
wheels fixed on the axlctrccs of gun carriages, especially 
those for ship service, to move them about by. 

TRUE Coiyungiion. Sec True Con junction. 

True Place of a Planet or Star, is u point in the hea¬ 
vens shown by a right line drawn from the centre ot the 
earth, through the centre of the star or planet. 

TRUMPET, Listening or Hearing , is an instrument in¬ 
vented by Joseph Landini, to assist the hearing of per¬ 
sons dull of that faculty, or to assist us to hear persons 
who speak at a great distance. Instruments of this kind 
arc formed of tubes, with a wide mouth, and terminating 
in a small canal, which is applied to the ear. The form 
of these instruments evidently shows how they conduce 
to assist the hearing; for the-greater quantity of the weak 
and languid pulses of the nir being received and collected 
by the large end of the tube,.are reflected to the smuli- 
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cmi, where they are collected and condensed ; thence en¬ 
tering the ear in this condensed state, they strike the tym¬ 
panum with a greater force than they could naturally have 
done from the ear alone. Hence it appears, that a speak¬ 
ing trumpet may be applied to the purpose of a hearing 
tilimpet, by turning the wide end towards the sound, and 
the narrow end to the ear. 

Speaking Trumpet, is a tube of a considerable length, 
from 6 to 15 feet, used for speaking with to make the voice 
he heard to a greater distance. This tube, which is made 
of tin, is straight throughout its length, but opening to a 
largo aperture outwards, and the other end terminating in 
a oroper shape and size to receive both the lips in the act 
of speaking, the speaker pushing his voice or the sound 
outwards, by which means it may be heard at the distance 
of a mile or more. 

The invention of this trumpet is held to be modem, and 
has been ascribed to Sir Samuel Moreland, who called it 
the tuba stentorophonica; and in a work of the same name, 
published at London in 1(571. that author gave an account 
of it, and of several experiments made with it. With one 
of these instruments, of 5| feet long, 21 inches diameter 
at the greater end, and 2 inches at the smaller, tried at 
Deal Castle, the speaker was heard to the distance of 3 
miles, the wind blowing from the shore. 

But it seems that Kircher has a better title to the in¬ 
vention ; for it is certain that he had such an instrument 
before ever Moreland thought of his. That author, in his 
Phonurgia Nova, published in 1673, says, that the trom- 
ba, published last year in England, he invented 24 years 
before, and published in his Mesurgia. $ He adds, that Jac. 
Albanus Ghibbisius and Fr. Escbinardus Ascribe it to him ; 
and that G.Schottus testifies of him, that lie had such an 
instrument in his chamber in the lloman college, with 
which he could call to, and receive answers from the porter. 

But, considering how famous the tube or horn ot Alex¬ 
ander the Great was, it is rather strange that the mo¬ 
derns should pretend to the invention. With his stento- 
rophonic horn or tube he used to speak to his anny, and 
make himself be distinctly heard, it is said, 100 stadia 
or furlongs. A figure of this tube is preserved in the Va¬ 
tican ; and it is nearly the same as that now in use. See 
Stentouoimion ic. 

The principle of this instrument is obvious ; for as 
sound is stronger in proportion to the density of the air, 
it follows 4hat the voice, iu passing through a tube or 
trumpet, must be greatly augmented by the constant re¬ 
flection and agitation of the air through the length of the 
tube, by which it is condensed, and its action on the ex¬ 
ternal air greatly increased at its exit from the tube. It 
lias been found, that a man speaking through a tube of 
4 feet long, may be understood at thc*distance of 500 
geometrical paces; with a tube l6* feet, at the distance 
of 1800 paces; and with a tube 24 feet long, at more 
than 2500 paces. 

Though some advantage in heightening the sound, both 
in speaking and hearing, be derived from the shape of the 
tube, and the width of the outer end, yet the effect dc- 

! )cnds chiefly on its length. As to the form of it, some 
lave asserted that the best figure is that which is formed 
by the revolution of a parabola about its axis; the 
mouth-piece being placed in the focus of the parabola, 
and consequently the sonorous rays rejected parallel to 
the axis of the tube. But Mr. Martin observes, that this 
parallel reflection is by no means essential to increasing the 


sound; on the contrary, it prevents the!infinite number of 
reflections and reciprocations of sound, in which, accord¬ 
ing to Newton, its augmentation chiefly consists ; the aug¬ 
mentation of the impetus of the pulses of air being pro¬ 
portional to the number of repercussions from the sides 
of the tube, and therefore to its length, and to such a 
figure as is most productive of them. lienee lie infers, 
that the parabolic trumpet is the most unfit of any for 
this purpose ; and he endeavours to show, that the loga¬ 
rithmic or logistic curve gives the best form, viz, by a re¬ 
volution about its axis. Martin's Philos. Brit, vol.2, 
pa. 248, 3d edit. 

lipt Cassegrain is of opinion that an hyperbola, having 
the axis of the tube for an asymptote, is the best figure for 
this instrument. Musschcnb. Intr. ad Phil. Nat. tom. 2, 
pa. 926, 4to. For other constructions of speaking-trum¬ 
pets, by Mr. Conyers, see Philos. Trans. No. 141, for 
1678 . . 

TRUNCATED Pyramid or Cme , is the frustum of one, 
being the part remaining at the bottom, after the top is 
cut off bv a plane parallel to the base. Sec Frustum. 

TRUNNIONS, of a piece of ordnance, are those knobs 
or short cylinders of metal on the sides, by which it rests 
on the checks of the carriage. 

Trunnion-/?///;*, is the ring about a cannon, next be¬ 
fore the trunnions. 

TSCHIRNHAUSEN (KnNFROY Walter), an inge¬ 
nious mathematician, lord of Killingswald aqd of Stolzcn- 
berg in Lusatia, where lie was born in l6'51. After hav¬ 
ing served as a volunteer in the army of Holland in 1672, 
he travelled into most parts of Europe, as England, Ger¬ 
many, Italy, France, &c. He went to Paris for the third 
time in 1682 ; where he communicated to the Academy 
of Sciences, the discovery of the curves, called from him, 
Tschirnhauscn’s Caustics ; and the Academy in conse¬ 
quence elected the inventor one of its foreign members. 
On returning to Italy, he was desirous of perfecting the 
science of optics; for which purpose he established two 
glass-works, whence resulted muny new improvements in 
dioptrics and physics, particularly the noted burning- 
glass which he presented to the regent. It was to him 
too that Saxony owed its porcelonc manufactory. Con¬ 
tent with the enjoyment of literary fame, Tschirnhausen 
refused all other honours that were offered him.. Learn¬ 
ing was his sole delight. He searched out then of tal^nte, 
and gave them encouragement. He was often at the ex- 
pence of printing the usefuh»works of other men, for the 
benefit of thfc public ; and died, beloved and regretted, 
the 1 1th of September 1708. 

Tschirnhausen wrote, DeJMcaicina Mentis ct Corporis, 
printed at Amsterdam in lf>87» And the following me¬ 
moirs were printed in the volumes of the'Academy of 
Sciences :— 1. Observations on Burning Glasses of 3 or 4 
feet diameter; vol. 1699-— 2 - Observations on the Gloss 
of a Telescope, convex on both sides, of 32 feet local di¬ 
stance; 1700.—3. On the Radii of Curvature, with the 
finding of Tangents, Quadratures, and Rectifications of 
many curves ; 1701*—4. On the Tangents of Mechani¬ 
cal Curves; 1702.— 5. On a Method of Quadratures; 
1702. ' 

TUBE, a pipe, conduit, or canal; being a hollow.cy¬ 
linder, either of metal, wood, glass, or other matter, for 
the conveyance of air, or water, The term is chiefly 
applied to those used in physics, astronomy, anatomy, 

On other ordinary occasions* wc more usually say pipe. 
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In the memoirs of the French Academy of Sciences, 
Varignon has given a treatise on the proportions for the 
diameters of tubes, to give any particular quantities of 
water. The result of his paper gives these two analo¬ 
gies, viz, that the diminutions of the velocity of water, 
occasioned by its friction against tlie sides of tubes, are as 
the diameters; the tubes being supposed equally long: 
and the quantities of water issuing out at the tubes, are 
as the square roots of their diameters, deducting out of 
them the quantity that each is diminished. 

Tube, in Astronomy, is some times used for telescope; 
hut more properly for that part of it into which the lenses 
are fitted, and by which they are d reeled ami used. 

TUESDAY, the 3d day of the week, so called from 
Tutsco, one of the Saxon Gods, similar to Mars ; lor 
which reason the astronomical mark lor this day of the 
week, is <f . 

'1 L'MBItEL, .is a kind of carriage with two wheels, 
used either in husbandry for dung, or in artillery to carry 
the tools of the pioneers, &c, and sometimes likewise the 
money of an army. 

TUN, is a measure for liquids, as wine, oil, &c. The 
English ton contains 2 pipes, or 4 hogsheads, or 252 
gallons*. • 

TUNE, or Tone, in Music, is that property of sounds 
by which they come under the relation of acute and grave. 
It two or more sounds he compared togcthei in this rela¬ 
tion, they are either equal or unequal in the degree of 
tune: such as arc equal, are called unisons. The unequal 
constitute what are called intervals, which are the diffe¬ 
rences of tone between sounds. ^ 

Sonorous bodies are found to differ in tone: 1st, Ac¬ 
cording to the different kinds of matter; thus the sound 
of a piece of gold, is much graver than tlnit of a piece of 
silver of the same shape and dimensions. 2 d, According 
to the different quantities of the same matter in bodies of 
the same figure; as a solid sphere of brass of i foot dia¬ 
meter, sounds acuter than a sphere of brass of 2 feet 
diameter. 

But the measures of tone arc only to be sought in the 
relations of the motions that are the cause of sound, w hich 
are most discernible in the vibration of chords. Now, 
in general, we tind that in two chords, all things being 
equal, excepting the tension, the thickness, or the length, 
the tones afe different; which difference can only be in 
the velocity of their vibratory motions, by which they 
perform a different number of vibrations in the same time ; 
as it is known that all the small vibrations of the same 
chord are performed in equal times. Now the frequenter 
or quicker those vibrations are, the more acute is the 
tone; and the slower and fewer they arc in the same 
time, by ho much the more grave is the tone. So that 
any given nqtc of a tunc is made by one certain measure 
of velocity of vibrations, that is, such a certain number of 
vibrations of a chord or string, in such a certain part of 
time, constitutes a determinate tone. 

This theory is strongly supported by the best and latest 
writers on music, Holder, Malcolm, Smith, &c, both from 
reason and experience. Dr. Wallis, who owns it very 
reasonable, adds, that it is evident the degrees of acute¬ 
ness arc reciprocally as the lengths of the chords; though, 
he says, he will not positively affirm thufc the degrees of 
acuteness answer the number of vibration^, as their only 
true cause: but bis diffidence arises from hence, that he 


doubts whether the thing has been sufficiently confirmed 
by experiment. 

TU N N AG E. See Ton sage. 

TURN, is used for a circular motion ; in which sense it 
agrees with revolution. 

T urn, in Clock or Watch-work, particularly denotes 
the revolution of a wheel or pinion. In calculation, the 
number of turns which the pinion lias, is denoted in com¬ 
mon arithmetic thus, 5) 60 (12, where the pinion 5, 
playing in a wheel of 60 , moves round 12 times in one 
turn of the wheel. Now by knowing the number of 
turns which any pinion makes in one turn of the wheel 
it works in, is easily found how many turns a wheel or 
pinion has at a greater distance; as 
the contrat-wheel, crown-wheel, &c, 5 ) 55 (11 

by multiplying together the quo- ^ . \5 ( 9 

tients, and the number produced is J >> K J 

the number of turns, as in the exam- 5 ) 40 ( 8 

pie here annexed : the first of these 
three numbers has 11 turns, the next 9* and the last S : 
by multiplying 1 1 by 9> produces 99 ; that is, in one 
turn of the wheel 55, there are 99 turns ol the second 
pinion 5, or the wheel 45, which runs concentrical or on 
the same arbor with the second pinion 5: and again mul- 
tiplying 99 by the last quotient 8, it produces 79'2> which 
is the number of turns the third pinion 5 has. SccClock- 
icorA*, and Pi n ion. 

TURNING to xvindwnrdy in Sea-language, denotes 
that operation in sailing when a ship endeavours to make 
a progress against the direction ol the wind, by a com¬ 
pound course, inclined to the place of her destination.— 
This method of navigation is otherwise called plying to 
windward. 

TUSCAN Order , in Architecture, is the first, the sim¬ 
plest, and the stiongest or most massive ot any. Its 
column has 7 diameters in height ; and its capital, base, 
and entablement, have no ornaments, and hut few mould* 
ings. 

TWELFTH-Day, the festival of the Epiphany, or the 
manifestation of Christ to the Gentiles, so called, as be¬ 
ing the twelfth day, cxclusive,from the nativity orChrist- 
mas-day ; of course it fulls always on the 6th day of 
January. 

TWILIGHT, in Astronomy, is that faint light which 
is perceived before sun-rising, and after sun-setting. T he 
twilight is occasioned by the eartliV atmosphere refract¬ 
ing the rays of the sun, aud reflecting them among its 
particles. 

The depression of the sun below the horizon, at the be¬ 
ginning of the morning, and end of the evening twilight, 
has been variously stated, at different seasons, and by dif¬ 
ferent observers : by Alhazen it was observed to be 19° 5 
by Tycho 17°; by Rotlnnan 24°; by Stcviuus 18°; by 
Cassini 15°; by Riccioli, at the time of the equinox in 
the morning l6°, in the evening 204°; in the summer 
solstice in the morning 21° 25 , and in the winter 17° 15'. 
Whence it appears that the cause of the twilight is varia¬ 
ble ; but, on a medium, about 18 ° of the sun's depression 
will serve tolerably well for our latitude, for the begin¬ 
ning and end of twilight, and according to which Dr. 
Long, (in his Astronomy, vol. 1, pa. 25S) gives the fol¬ 
lowing table, of the duration of twilight, in different lati¬ 
tudes, and for several different declinations of the sun. 
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JfVhcrc c d signify that it is then continual day. c n con¬ 
tinual night, and u. n that the twilight lasts the whole night. 
prob. — To find the Beginning or End of Twilight. 

In this problem, there are given the sides of an oblique 
spherical triangle, to find an angle ; viz, z 
given the side zr the co-latitude of the VX. 
place; r© the co-declination, or polardi- \ n. 

stance ; and /© the zenith distance, which \ | p 

is always equal to 108°, viz, 90° from the \ 

zenith to the horizon, and 18° more for the \ 

sun’s distance below the horizon. Forex- 1 j 

ample, suppose the place London in lati- I / 

tude 51° 32', and the time the 1 st of May, J/ 

when the sun’s declination is 15° 12' north. 0 

Here then zp = 38°28' the. complement of 51° 32 and 
r 0 ~ 74 .° 48 ', the complement of 15° 12'. Then the cal¬ 
culation is as follows. 

V© = 74°,48' 
rz = 38 2S 

r© — pz = 36 20 = n 
zO = 108 00 

r © h- o = 144 20 72° 10' = l(z© -+- t>) 

r O _ u = 71 40 35 50 = i(z© - l>) 

Co-ar. sin. polar dist. = 74" 48' - 0 01547 

Co-ar. sin. colut. - = 38 28 - 0-2061/ 

Sine i(z© i- D) - = 72 10 - 99/861 

Sine i(*© - o) - = 35 50 - 976747 

Suin of these four logs. - - 1.9-90772 

Half sum gives 74° 28i - 9 98386 

Which doubled gives 148 57 lor the angle zpo. 

This 148° 57' reduced to time, at the rate of 15° per 
hour, gives 9 h 55 ro 48', either before or after noon; that 
is, the twilight begins at 2 h 4 m 12‘ in the morning, and 
ends at 9 h 55 m 4 S* in the evening on the given day at 

London. . . 

To find the time of shortest twilight at any given place, 

say, as radius to the sine of tho latitude, so is the tangent 
of t to the sine of the sun’s declination at the time re¬ 
quired.—-The declination of the sun and the latitude of 
the place must be of contrary kinds.—Hence, at about 51 
or 52 degrees north latitude, the twilight will be shortest at 
about the 2d or 3d of March, and the 11th or 12th of 
October. 

TWINKLING qf the Stars, denotes that tremulous 
motion which 18 observed in the light proceeding from the 
fixed stars.—This twinkling in the stars has been variously 
accounted for. Alhazen, a Moorish philosopher of the 
12 th century, considers refraction ns the cuuse of thisphe- 
nomcnon. Vitcllo, in his Optics, (composed before the 
year 1270) pa. 449, ascribes the twinkling of the stars to 
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the motion of the air, in which the light is refracted; and 
he observes, in confirmation of this hypothesis, that they 
twinkle still more when they are viewed in water put into 

motion. ’ . 

l>r. Hooke (Microgr. pa. 231, Sec) ascribes this pheno¬ 
menon to the inconstant and unequal refraction of the ray* 
of light, occasioned by the tremulous motion of the air 
and interspersed vapours, in consequence of variable de¬ 
grees of heat and cold in the air, producing.corroponding 
variations in its density, and alto of the action of the 
wind, which must cause the successive rays to fall upon 
the eye in different directions, and consequently on differ¬ 
ent parts of the retina at different times, and also to hit 
and miss thepupil alternately; and this also is the reason, 
he says, why the limbs of the sun, moon, and planets ap¬ 
pear to wave or dance. 

These tremors of the air are manifest to the eye by the 
undulating motion of shadows cast from high towers ; 
and by looking at objects through the smoke of a chim¬ 
ney, or through steams of hot water, or at objects situated 
beyond hot sands, especially if the air be moved trans¬ 
versely over them. But wheir stars arc seen through tele¬ 
scopes that have large apertures, they twinkle but little, 
and sometimes not at all. For, as Newton has observed, 
(Opt. pa. $8) the rays of light which pass through differ¬ 
ent parts of the aperture, tremble each of them apart, and 
by means of their various and contrary tremors, fall at 
011 c and the snme time upon different points in the bottom 
of the eye, and their quivering motions arc too quick and 
confused to be separately perceived. And all these illu¬ 
minated points constitute one broad lucid point, composed 
of those many trembling points confusedly and insensibly 
mixed with one another by very short and swift tremors, 
and so cause the star to appear broader than it is, and 
without any motion of the whole. 

Di. Jurin, in his Essay on Distinct and Indistinct Vi¬ 
sion, has recourse to Newton’s hypothesis of fits of easy 
refmetion and reflection for explaining the twinkling of 
the stars : thus, he says, if the middle part of the image 
of a star be changed from light to dark, and the adjacent 
ring nt the same time be changed from dark to light, as 
must happen from the least motion of the eye towards or 
: from the star, this will occasion such an appearance as 
twinkling. 

Mr. Michell (Philos. Trans, vol. 57, pa. 269) supposes 
that the arrival of fewer or more rays at one time, espe¬ 
cially from the smaller or more remote fixed stars, may 
• make such an unequal impression on the eye, ns may at 
least have some share in producing this effect : since it 
! may be supposed that even a single partible of light is suf- 
» ficicnt to make a sensible impression on the organs of 
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sight ; so that very few particles arriving at the eye in a 
second of time, pci haps not more than three or four may 
he sufficient to make an object constantly visible. See 
Light. 

Hence, he says, it is not improbable that the number of 
the particles of light which enter the e>e in a second of 
time, even from Sirius himself, may not exceed 3 or 4 
thousand, and from stars of the 2d magnitude they may 
probably not exceed 100. Now the apparent increase 
and diminution of the light, which we observe in the 
twinkling of the stars, seem to be repeated at intervals not 
very unequal, perhaps ab >ut 4 or 5 times in a second. 
He therefore thought it reasonable to suppose, that the in¬ 
equalities which will naturally arise from the chance of 
the rays coming sometimes a little denser, and sometimes a 
little rarer, in so small a number of them, as must fall 
upon the eye in the 4th or 5th part of a second, may be 
sufficient to account for this appearance. 

Since these observations were published however, Mr. 
Michcll (as we are informed by I)r. Priestley in Im Hist, 
of Light, pa 495) has entertained some suspicion, that the 
unequal density of light dot's not contribute to this effect 
in so great a degree as he had imagined ; especially as he 
has observed that even Venus does sometimes twinkle. 
This he once observed her to do remarkably when she was 
about 6 degrees high, though Jupiter, which was then 
about Hi degrees high, and was sensibly less luminous, <lid 
not twinkle at all. If, notwithstanding the great number 
of rays which doubtless come to the eye from such a sur¬ 
face as this planet presents, its appearance be liable to be 
affected in this manner, it must be owing to such undula¬ 
tions in the atmosphere, as will probably render the effect 
of every other cause altogether insensible. 

Musschcnbrock suspects (Introd. ad. Phil. Nat. vol. 2, 
sect. 1741, pa. 707 ) that the twinkling of the stars arises 
from some affection of the eye, as well as the state of the 
atmosphere. For, says he, in Holland, when the weather 
is frosty, and the sky very clear, the stars twinkle most 
manifestly to the naked eye, though not in telescopes ; 
and since he dors not suppose there is any great exhala¬ 
tion, or dancing of the vapour, at that time, he questions 
whether the vivacity of the light, affecting the eye, may 
not he concerned in the phenomenon. 

But this philosopher might have satisfied himself with 
respect to this hypothesis, by looking at the stars near the 
zenith, when the light traverses but a small purt of the 
atmosphere, and therefore might he expected to affect the 
eye most sensibly. For he would have found that they 
do not twinkle ne.hr su much as they do near the horizon, 
when much more of their light is intercepted by the atmo¬ 
sphere. 

Some astronomers have lately endeavoured to explain 
the twinkling of the fixed stars, by the extreme minute¬ 
ness of their apparent diameter ; so that they suppose the 
sight of them is intercepted by every mote that floats in the 
air. To this purpose Dr. Long*observes (Astron. vol. ), 
pa. I/O), that our air near the earth is50 full of various 
kinds of particles, which are in continual motion, that 
some one or other of them it perpetually passing between 
us and any star we look at, which makes us every, moment 
alternately sec it and lose sight of it: and this twinkling 
of the stars, he says, is greatest in those that arc nearest 
the horizon, because they arc viewed through a great quan-. 
tity of thick air, where the intercepting particles arc most 

Vol. II. 


numerous ; whereas stars that are near the zenith do not 
twinkle so much, because we do not look at them through 
so much thick an, and I here fore the intercepting parti¬ 
cles, being fewer, come less frequently before them. With 
respect to the planets, it is observed that, because they are 
much ncaicr to us than the stars, they have a sensible ap¬ 
parent magnitude, so that they are not covered by the 
small particles floating in the atmosphere, and therefore 
do not twinkle, but shine with a steady light. 

The fallacy of this hypothesis appears from the obser¬ 
vation of Mr. Michell, that no object can hide a star from 
us that is not large enough to exceed the apparent diame¬ 
ter of the star, by the diameter of the pupil of the eye ; 
so that if a star were even a mathematical point, or of 
no diameter, the interposing object must still 0e equal 
in size to the pupil of the eye; and indeed it must be 
large enough to hide the star from both eyes at the same 
time. 

The principal cause therefore of the twinkling of the 
star'*, is now acknowledged to be the unequal refraction of 
light, in consequence of inequalities and undulations in the 
atmosphere. 

Besides a variation in the quantity of light, it may here 
be added, that a momentary change 01 colour has like¬ 
wise been obsened in some of the fixed stars. Mr. Mel¬ 
ville (Ldinb. Kssays, vol. 2, pa.Si) asserls, that when one 
looks stedlastly at Sirius, or any bright star, not much 
elevated above the horizon, its colour appears not to be 
constantly white, but as tinctured, at every tw inkling, with 
red and blue. Mr. Melville could not entirely satisfy him¬ 
self as to the cause of this phenomenon ; observing that 
the separation of the colours by the refractive power of 
the atmosphere, is probably too small to be perceived. 
Mr. Michcll’s hypothesis above-mentioned, though not 
adequate to the explication of the tw inkling of the stars, 
may pretty well account for this circumstance. l or the 
red and blue rays being much fewer than those of the in¬ 
termediate colours, and therefore much more liable to in¬ 
equalities from the common effect of chance, a small ex¬ 
cess or defect in cither of them will make a very sensible 
difference in the colour of the stars. 

TYCHONIC System, or Hypothesis , is an order or ar¬ 
rangement of the heavenly bodies, of an intermediate 
nuturc between the Copcrnican and Ptolemaic; and is so 
called from its inventor Tycho Bruh6. Sec System. 

TYMPAN, or Tympanum, in Architecture, is the area 
of a pediment, being that part which is on a level with the 
naked of the frize. Or it is the space included between the 
three cornices of a triangular pediment, or the two cor¬ 
nices of a circular one. 

Tympan is also used for that part of a pedestal called 
the trunk or dye. 

Tympan, among joiners, is also applied to the panncls 
of doors. 

Tympan of an Arch , is a triangular space or table in 
the corners of sides of an arch, usually hollowed and en¬ 
riched, sometimes with branches of laurel, olive-tree, or 
oak; or with trophies, &c ; sometimes with flying figures, 
as fame, &c; or sitting figures, as those representing the 
cardinal virtues. 

Tympan, in Mechanics, is a kind of wheel placed 
round an axis, or cylindrical beam, on the top of which 
are two levers, or fixed staves, for inure easily turning the 
axis about, in order to raise a weight. The tympauum is 
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much the same with the peritrochium ; but that the cy* 
Under of the a.\i> ol the peritrochium much shorter and 
less than the cylinder of the tympanum. 

Tympanum of a machine, is also used for a hollow 
wheel, in which people or animals walk, to turn it; such 
as that of some crams, calenders, &c. 


TYR, in the Ethiopian Calendar, the name of the 5th 
month of the Ethiopian year. It commences on the 25th 
of December of the Julian year. 

TV SI 1 AS, among the Ethiopians, the name of the 4th 
month of their year, commencing the ‘27th of November 
in the Julian year. 


U AND V 

VAC .VAC 


"VT Is a numeral letter, in tlie Roman numeration, dc- 
_ noting 5 or five. And with a dash over the top thus 
. V, it denoted 3000. 

VACUUM, in Physics, a space empty or devoid of all 
matter.— Whether there be any such thing,m nature as an 
absolute vacuum ; or whether the universe be completely 
full, and there be an absolute plenum ; is a question tbat 
has been agitated by the philosophers of all ages. 

The ancients, in their controversies, distinguished two 
kinds; a Vacuum coacervatum, and a Vacuum intersper- 
suin, or disseminutum. 

Vacuum Coacerautum, is conceived as a considerably 
large space destitute of matter ; such, for instance, as there 
would be, should God annihilate all the air, and other 
bodies, within the walls of a chamber.—The existence of 
such a vacuum is maintained by the Pythagoreans, Epi¬ 
cureans, and the Atomists or Corpuscularians ; most of 
whom assert, that such uvncuum actually exists without 
the limits of the sensible world. But the modern Corpus¬ 
cularians, w ho hold a vacuum coacervatum, deny that ap¬ 
pellation ; as conceiving that such u vacuum must be in¬ 
finite, eternal, and uncreated. 

According then to the later philosophers, there is no 
vacuum coacervatum without the bounds of the sensible 
world ; nor would there be any other vacuum, provided 
God should annihilate divers contiguous bodies, than what 
amounts to a mere privation, or nothing; the dimensions 
of such a space, w hich the ancients held to be real, being 
by these held to be mere negations ; that is, in such a place 
there is so much length, breadth, and depth wanting, as 
a body must have to fill it. To suppose then, that when 
all the matter in a chamber is annihilated^ there should 
yet he real dimensions, is to suppose, say they, corporeal 
dimensions without body; which is absurd. 

The Cartesians however deny any vacuum coacervatum 
at all, and assert that if God should immediately annihi¬ 
late all the matter, for example in a chamber, and pre¬ 
vent the ingress of any other matter, the consequence 
would be, that the walls would become contiguous, and 
include no space at all. They add, that if there be no 
matter in a chamber, the walls cannot be conceived other¬ 
wise than ns contiguous; those things being snid to be con¬ 
tiguous, between which there is not any thing intermediate: 
but if there be no body between, there is, say they, no ex¬ 
tension between; extension and body being the same thing: 
and if there be no extension between, then the walls are 
contiguous, and where is the vacuum ?-But this reason¬ 

ing, or rnthcr quibbling, is founded on the mistake, that 
body and extension arc the same thing. 

Vacuum Disscrainatum, or Interspcrsura, i» that sup?- 


posed to be naturally interspersed in and among bodies, in 
the interstices between different bodies, and in the pores 
of the same body. — It is this kind of vacuum which is 
chiefly contested among the modern philosophers ; the 
Corpuscularians strenuously asserting it ; and the Peripa¬ 
tetics and Cartesians as tenaciously denying it. See Car¬ 
tesian and Leibxitzian. 

The great argument urged by the Peripatetics against a 
vacuum intcr*pcrsum, is,‘that there are divers bodies fre¬ 
quently seen to move contrary to their own nature und in¬ 
clination and that for no other apparent reason, but to 
avoid a vacuum : whence they conclude, that nature abhors 
a vacuum ; and give us a new class of motions ascribed to 
the fuga vacui or nature's flying u vacuum. Such, they 
say, is the rise of water in a syringe, on the drawing up 
of the piston ; and such is the ascent of water in pumps, 
und the swelling of the flesh in a cupping glass, &c.—But 
since the weight, elasticity, &c, of the air have been ascer¬ 
tained by sure experiments, those motions und effects arc 
Universally, and justly, ascribed to the gravity and pres¬ 
sure of the atmosphere. <• 

The Cartesians deny, not only the actual existence, but 
even the possibility of a vacuum ; and that on this prin¬ 
ciple, that extension being the essence of mutter, or body, 
wherever extension is, there is matter; but mere space, or 
vacuity, is supposed to be extended ; therefore it is ma¬ 
terial. Whoever asserts an empty spucc, say they, con-, 
ccives dimensions in that space, i. c. he conceives an ex¬ 
tended substance in it; and therefore he denies a vacuum, 
at the same time that he admits it.—But Descartes,, if wc 
may believe some accounts, rejected a vacuum from a 
cpmplaisancc to the taste which prevailed in his time, 
against his own first sentiments; and among his familiar 
friends he used to call his Bystem his philosophical ro¬ 
mance. 

On the other hand, the corpuscular authors prove, not 
only the possibility, but the actual existence, of a vacuum, 
from divers considerations ; particularly from that of mo¬ 
tion in general; and that of the planets, comets, &c, in 
particular; as also from the fall of bodies; from the vibra¬ 
tion of pendulums; from rarefaction and condensation; 
from the different specific gravities of bodies; and also 
from the divisibility of matter into parts. 

1. First, there qould be no linear or progressive motion 
without u vacuum ; for if all space were full of matter, 
no body could be moved out of its place, for want of 
another place unoccupied, to move into. And this argu¬ 
ment was stated even by Lucretius. 

2. The motions of the planets and comets also confirm 
a vacuum* Thus, Newton argues, “. thut there is no such 
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fluid medium as aether," (to till up the porous parts ot all 
sensible bodies, and so make a plenum,) “ se« ms probable ; 
because the planets and comets proceed with so regular 
and lasting a motion, through the Celestial spaces; loi hence 
it appears that those celestial spaces are void ot all sen¬ 
sible resistance, and consequently of all sinsible matter. 
Consequently if the celestial regions were as dens* as water, 
or as quicksilver, they would resist almost as much as water 
or quicksilver; but if they were perfectly dense, without 
any interspersed vacuity, though the matter were ever so 
fluid and subtle, they would resist more than quicksilver 
does: a perfectly solid globe, in such a medium, would 
lose above half its motion, in moving 3 lengths of its dia¬ 
meter ; and a globe not perfectly solid, sucb as the bodies 
of the planets and counts are, would be stopped still 
sooner. Therefore, that the motion of the planets and 
comets may be regular, and lasting, it is necessary that 
the cclesiial spaces be void of all matter; except perhaps 
some few and much rarefied effluvia of the planets and 
comets, and the passing rays of light.” 

3. The same great author also deduces a vacuum from 
the consideration of the weights of bodies; thus: “ All 
bodies about the earth gravitate towards it; and the weights 
of all bodies, equally distant Irom the earth's centre, are 
as the quantities of matter in those bodies. If the aether 
therefore, or any other subtile matter, were altogether 
destitute of gravity, or did gravitate less than in propor¬ 
tion to the quantity of its matter; because (as Aristotle, 
Descartes, and others, argue) it differs from other bodies 
only in the form of matter ; the same body might, by the 
change of its form, gradually be converted into a body of 
the same constitution with those which gravitate most in 
proportion to the quantity of matter: and, on the other 
hand, the heaviest bodies might gradually lose their gra¬ 
vity, by gradually changing their form ; and so the weights 
would depend upon the forms of bodies, and ,might be 
changed with them; which is contrary to all experiment.” 

4. The descent of bodies also proves, that all space is 
not equally lull ; for the same author proceeds, “ If all 
spaces were equally full, the specific gravity of that fluid 
with which the region of the air would, in that case, be 
filled, would not be less than the specific gravity of quick¬ 
silver or gold, or any other the most dense body; and 
therefore neither gold, nor any other body, could descend 
in it. For bodies do not descend in a fluid, unless that 
fluid be specifically lighter than the body. But by the 
air-pump we can exhaust a vessel, till even a bit ol down 
shall fall with a velocity equal to that of gold in the open 
air; and therefore the medium through which this feather 
falls, must be much rarer than that through which the 
gold falls in the other case. The quantity of matter there¬ 
fore in a given space may be diminished by rarefaction : 
and why may it nut be diminished ad infinitum? Add, 
that we conceive the solid particles of all bodies to be of 
the same density; and that they arc only rarefiablc by 
means of their pores; and hence a vacuum evidently 

follows." . .. 

5. >» That there is a vacuum, is evident too from the 

vibrations of pendulums: for since those bodies, in.places 
out of which the air is exhausted, meet with no resistance 
to retard their motion, or shorten their vibrations; it is 
obvious that there is no sensible matter in those spaces, or 
in the occult pores of those bodies. 

6. That there are interspersed vacuities, appears from 
matter’s being actually divided into parts, and from the 


figures of those parts; for, on supposition of an absolute 
plenum, we do not conceive how any part of matter 
could be actually divided from that next adjoining, any 
more than it is possible to divide actually the parts ot ab¬ 
solute space from one another: lor by the actual division 
of the parts of a continuum from each other, we con¬ 
ceive nothing else understood, but the placing of those 
parts at a distance from one another, which in the con¬ 
tinuum were at no distance asunder : but such divisions 
between the parts of matter must imply vacuities between 
them. 

7. As for the figures of the parts of bodies, on the 
supposition of a plenum, they must either be all recti¬ 
linear, or all concavo-convex ; otherwise they would not 
adequately fill space; vvhicli we do not find to be true in 
fact. 

8. The denying a vacuum supposes what it is impossi¬ 
ble for any one to prove to be true, viz, that the material 
world has no limits. 

However, we are told by some, that it is impossible 
to conceive a vacuum. But this surely must proceed 
from their having imbibed Descartes’s doctrine, that the 
essence of body is constituted by extension; as it would 
be contradictory to suppose space without extension. 
l\> suppose that there are fluids penetrating all bodies and 
replenishing space, which neither resist nor act on bodies, 
merely in order to avoid admitting a vacuum, is feigning 
two kinds of matter without any necessity or foundation; 
or is tacitly giving up the question. 

Since then the essence of matter does not consist in 
extension, but in solidity, or impenetrability, the uni¬ 
verse may be said to consist of solid bodies moving in a 
vacuum : nor need wc at all fear, lest the phenomena ol 
nature, most of which are plausibly accounted for from 
a plenum, should become inexplicable when the pleni¬ 
tude is set aside. The principal ones, such as the tides; 
the suspension of the mercury in the barometer; the mo¬ 
tion of the heavenly bodies, and of light, Sec, are more 
easily and satisfactorily accounted for from other prin¬ 
ciples. . * 

Vacuum Hoileanum, is used to express that approach 
to a real vacuum, which wc arrive at by means of the air- 
pump. Thus, any thing put in a receiver so exhausted, 
is said to be put in vacuo; and thus most of the experi¬ 
ments wi|h the air-pump arc said to be performed in va¬ 
cuo, or in vacuo Boileano. 

Some of the principal phenomena observed of bodies 
in vacuo, are; that the heaviest and lightest bodies, as 
gold and a feather, fall.with equal velocity :—that fruits, 
as grapes, cherries, peaches, apples, 6cc, kept lor any 
time in vacuo, retain their nature, freshness, colour, 6c c, 
and those withered in the open air recover their plump¬ 
ness in vacuo :—all light and fire become immediately ex¬ 
tinct in vacuo:—little or no sound is heard from a bill 
rung in vacuo:—a bladder hall full of air, will distend 
the bladder, und lift up 40 pound weight in vacuo:— 
most animals soon expire in vacuo. 

By experiments made.in 1704, Dr. Derham found that 
animals which have two ventricles, und no foramen ovale, 
as birds, dogs, cats, mice, 6cc, die in less than half a mi¬ 
nute ; counting from th'c first cxsuction : u mole died in 
one minute ; a bat lived 7 or 8. Insects, as wasps, bees, 
grasshoppers, &c, seemed dead in two minutes ; hut after 
being left in vacuo 24 hours, they came to life again in 
the open air: snails continued 24 hours in vacuo, with- 

4 A 2 
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out appearing much affected.—Seeds planted in vacuo do 
not grow : Small beer dies, and loses all its taste, in 
vacuo : and air rushing through mercury into a vacuum, 
throws the mercury in a kind of show er upon the receiver, 
and produces a great light in a dark room. 

The air-pump can never produce a perfect vacuum : 
as is evident from its structure, and the manner of its 
working: in effect, every exsuction only takes away a 
part ot the air; so that there is still some left after any 
finite number of exsuctions. For the air-pump has no 


other authors, better distinguish between humid and dry 
fumes, calling the latter exhalations. 

For the manner in which vapours are raised, and again 
precipitated, see Cloud, Dew, Rain, Barometer, and 
particularly Evaporation. 

It may here be added, with respect to the principles of 
solution adopted to account for evaporation, and largely 
illustrated under that article, that Dr. Halley, about the 
beginning of the 18th century, seems to have been ac¬ 
quainted with the solvent power of air on water; for be 


longer any effect but while the spring of the air remaining says, that supposing the earth to be covered with water, 

and the sun to move diurnally round it, the air would of 
itself imbibe a certain quantity of aqueous vapours, and 
retain them like salts dissolved in water; and that the air 
warmed by the sun would sustain a greater proportion of 
vapours, as warm water will hold more dissolved salts ; 
which would be discharged in dews, similar to the preci¬ 
pitation of salts on the cooling of liquors. Philos. 'Frans, 
vol. 3. 

Mr. Eeles, in 1755, endeavoured to account for the 
ascent of vapour and exhalation, and their suspension in 
the atmosphere, by means of the electric fire. The sun, 
he acknowledges, is the great agent in detaching vapour 


n the receiver is able to lift up the valves; and when the 
rarefaction is come to that degree, you can arrive no 
nearer to a vacuum ; unless perhaps the air valves can 
be opened mechanically, independent pf the spring of the 
air, as it is said they are in sonic newly improved air- 
pumps. 

Torricellian Vacuum, is that made in the barometer 
tube, between the upper end and the top of the mercury. 
This is probably never a perfect and entire vacuum ; as 
all fluids are found to yield or to rise in elastic vapours, 
on the removal of the pressure of the atmosphere. Sec 
Torricellian, and Barometer. 


VALVE, in Hydraulics, Pneumatics, &c, is a kind of and exhalations from their masses, whether he acts im- 

' mediately by himself, or by his rendering the electric fire 

more active in its vibrations: but their subsequent ascent 
he attributes entirely to their being rendered specifically 
lighter than the lower air, by their conjunction with elec¬ 
trical fires each panicle of vapour, with the electrical 
fluid that surrounds it, occupying a greater space than 
the same weight of air. Mr. Eeles also endeavours to 
show, that the ascent and descent of vapour, attended 


lid or cover to a tube or vessel, contrived to open one 
way ; but which, the more forcibly it is pressed the other 
way, the closer it shuts the aperture : so that it either ad¬ 
mits the entrance of a fluid into the tube, or vessel, and 
prevents its return; or permits it to escape, and prevents 
its re-entranee. 

Valves are of great use in the air-pump, and other 
wind machines : in which they are usually made of pieces 


of bladder. In hydraulic engines, us the* emboli of by this fire, arc the cause of all the winds, and that they 
pumps, they are mostly of strong leather, of a round furnish a satisfactory solution of the general phenomena 
figure, and fitted to shut the apertures of the barrels or of the weather and barometer. Philos. Trans, vol. 49t 
pipes. Sometimes they are made of two round pieces of pa. 124. 

leather enclosed between two others of brass; having Dr. Darwin, in 1757i published remarks on the theory 
divers perforations, which are covered with another piece of Mr. Eeles, with a view of confuting it; and nttempt- 
of brass, moveable upwards and downwards, on a kind of ing to account for the ascent ot vapours, bv considering 
axis, which goes through the middle of them all. Some- the power of expansion which the constituent parts of 


times thtry are made of brass, covered over with leather, 
and furnished with a fine spring, which gives way upon 
a force applied against it; but on the ceasing of that, 
returns the valve over the aperture. See Pump. See 
also Dcsaguliers* Exper. Philos, vol. 2, pa. *156, and 
pa. 180. ^ ^ * 

VANE, in a ship, &c, a thin slip of some kind of mat¬ 
ter, placed on high in the open air, turning easily round 
on an axi9 or spindle, and veered about by the wind, to 
show its direction or course. 

Vanes, in Mathematical or Philosophical Instru¬ 
ments, are sights mude to slide and move upon cross¬ 
staves, fore-staves, quadrants,&c. 


some bodies acquire by heat, and also that some bodies 
have a greater affinity to heat, or acquire it sooner, and 
retain it longer, than others. On these principles, he 
thinks, it is easily understood how water, whose parts ap¬ 
pear from the acoli'pile to be capable of immeasurable ex¬ 
pansion, should by heat alone become specifically lighter 
than the common atmospbcife^ A small degree of heat is 
sufficient to detach or raise tlfe vapour of water from the 
mass to which it belongs; and the rays of the sun com¬ 
municate heat only to those bodies by which they ara 
refracted, reflected, or obstructed; whence, by their im¬ 
pulse, a motion or vibration is caused in the parts of such 
bodies. Hence he infers, that the sphericles of vapour 


VAPOUR, in Meteorology, a watery exhalation will, by refracting the solar rays, acquire a constant heat, 


raised up cither by the heut of the sun, or any other 
heat, as fire, &c. Vapour is considered us a thin vesicle 
of water, or other humid matter, filled or inflated with 
air; which, being rarefied to a certain degree by the ac¬ 
tion of heat, ascends to some height in the atmosphere, 
where it is suspended, till it returns in form of rain, snow, 
or the like. An assemblage of a number of particles or 
vesicles of vapour, constitutes what is called a cloud. 

Some use the term vapour indifferently, for all fumes 
emitted, cither from moist bodies, as fluids of any kind; 
or from dry bodies, as sulphur, &c. But Newton, and 


though the surrounding atmosphere remain cold. If it be 
asked, how clouds arc supported in the Hbseuce of the 
sun i it must be remembered, that large masses of va¬ 
pour must f6r a considerable time retain mtfch of the 
heat they have acquired in the day ; at the same time re¬ 
flecting how small a quantity of heat was necessary to 
raise them, and that doubtless even a less will be sufficient 
to support them; as from the c^minishcd pressure of the 
atmosphere at a given height, a less power may be able 
to continue them in their present state of rarefaction; 
and lastly, that clouds of particular shapes will be sua- 
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tailed or elevated by the motion they acquire from winds. 
Philos. Trans, vol. 50, pa. 2l6\ 

The quantity ol vapour raised from the sea by the warmth 
of the sun, must be far greater than is commonly ima¬ 
gined. Dr. Halley has attempted to estimate it. tor the 
result of his calculations, see Evaporation. 

For the Effect of Vapour in the Formation of Springs, 
&c, sec Spring, and River. 

VARFNTUS (Bern* AKD) r a learned Dutch geographer 
and physician, of the 17th century, who was author of 
the best mathematical treatise on Geography, intitlcd, 
Gcogiaphia Universalis, in qua atfectiones generalis Tcl- 
luris explicantur. This excellent work has been trans¬ 
lated into all languages, and was honoured by an edition, 
with improvements, by Sir Isaac Newton, lor the use ot 
his academical students at Cambridge. 

VARIABLE, in Geometry and Analytics, is a term ap¬ 
plied by mathematicians, to such quantities as arc con¬ 
sidered in a variable or changeable state, either increas¬ 
ing or decreasing. Thus, the abscisses and ordinates of 
an ellipsis, or other curve line, arc variable quantities ; 
because these vary or change their magnitude together, 
the one at the same lime with the other. ButV>me quan¬ 
tities'may be variable by themselves alone, or while those 
connected with them are constant; as the abscisses of a 
parallelogram, whose ordinates may be considered as all 
equal, and therefore constant. ,Also the diameter of a 
circle, and the parameter of a conic section, are constant, 
while their abscisses are variable. _ 

Variable quantities are usually denoted by the last let¬ 
ters of the/alphabet, 2 , y, x, &c : while the constant ones 
arc denoted by the leading letters, «, b 9 c\ &c. Some au¬ 
thors, instead of variable and constant quantities, use the 
terms fluent and stable quantities. I he indefinitely small 
quantity by which a variable quantity is continually in¬ 
creased or decreased, in very small portions ol time, is 
called the differential, or increment or decrement of that 
quantity. And the rate of its increase or decrease at any 
point,, is called its fluxion ; while the variable quantity 
itself is called the fluent. And the calculation of these, 
*is the subject of the new Methodus Diflcrentialis, or Doc¬ 
trine of Fluxions. 

VARIABLE Motion, in Mechanics, is that motion 
of a body when subject to the continual action of a force 
which changes, or is different at every instant. We have 
instances of variable motion, in the unbending of springs: 
though the velocity continues to be augmented, yet the de¬ 
grees by which the augmentation proceeds are diminish¬ 
ing. It is the same with regard to the degrees by which 
the motion of a ship arrives at uniformity: the action of 
the wind on the sails diminishes in proportion as the vessel 
acquires greater velocity, because the action of the wind 
varies as the difference between its velocity and that of the 


several of the terms which express that law. '1 he origin 
of this calculus is imputed to the circumstance ol certain 
problems concerning the maxima and minima ol quanti¬ 
ties having been proposed by John Bernoulli, to the ma¬ 
thematicians of Europe. Such a problem was that in 
which it was required to find, ol all curves passing through 
two fixed points, and situated in the same vertical plane, 
that along which a body would descend from the highest 
to the lowest point in the least time possible. 


The first geometricians, 


remarking that nothing was 

riz. 

obtained by putting the differential of the time = o, 

found that they could obtain a solution by making the 
time a minimum for two successive elements ot the curve : 
thus, if x, i\ i" were three vertical abscissas, and y, y\ 
y", the corresponding ordinates, the time would be ex¬ 
pressed by 


✓ 


- x)' + (j/ - y 


/ 


fr" _ XV + [xT - vV 


th 


>, gave a 
constant 


x . ... - a' 

differential of which being taken, and put = 

result..,g equation ^ x dy ~ = b > 

quantity; and hence proved the curve to be a cycloid. 
—liuler, with far greater/ analytical knowledge than John 
Bernoulli, next treated 'Ihcso problems in a general 
manner, in his tract entitled, 44 Methodus invemendas 
lineas curvas maximi minimivc proprietatc gaudentes; 
sivc solutio .problematis isoperimetricalatissiino sensu ac¬ 
cept!.” M. Lagrange afterwards gave greater generality 
to this calculus, by making variable not only y, </y, </‘y, 
&c, but also x. 

The explanation of M. Lacroix affords as clear an idea 
of the calculus of variations as any that we are ac¬ 
quainted with. 

44 Suppose," says he, 44 the variable quantities at first 
connected together by an-equation, or by any other de-i 
prudence, to change by reason of the form ol the equa¬ 
tion, or of the relation that results from the dependence 
established between them ceasing to be the same; this 
circumstance cannot be expressed in a more general 
manned, than by regarding the increments ot x and y as 
absolutely independent of each other ; since, in effect, this 
hypothesis not designating any particular relation between 
x and y, comprehends all. It follows thence, tbut the 
calculus of variations can only be employee! for expres¬ 
sions, to which the differential calculus has already been 
applied ; and it differs from the last only by the inde¬ 
pendence which it supposes between the variable quanti¬ 
ties, which before were considered as connected by con¬ 
stant relations. The following example will illustrate 

this notion. The expression which belongs to the 

subtangent of a curve, represents a determinate .function 
of x, wheny is considered as a function whose composi¬ 
tion in terms of x is known: and if this last changes, the 

_ .... . v/r i. 


sail on which it acts. --- --- - 

For an illustration of the different natures of constant first changes also. There will be perhaps some difficulty 
and variable accelerating motions, see the art. Accele- j n conceiving how we can submit to calculation the varia- 
raiion. bility of a function which is only the abstract dependence 

VAlUATION,o/Sufljititi«,inAlgebra. SeeCiiANGES, in which several quantities are with regard to each other: 
and Combination. but this difficulty is removed, by considering that the con- 

Calculus of Vauiations, is that by which, having nection between the quantities y and x changes if the firet 
given an expression or function containing two or more be made to vary independently of the second. Thus, in 
variable quantities, whoso relation is expressed by a de- the oxample before us, if we suppose x to remain the 

terminate law, we find what that function becomes when SJUne> an j „ am j d JL lo change, the relation between x and 
the law itself is supposed to experience any variation in- * dx 

definitely small, occasioned by the variation of one or of y must necessarily have changed also, since these quanti- 
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tics arc the* immediate consequences of that relation : 

form , may alone be made to vary, since il 

1 / 1 / J 

only on one value of y: but, if an expression 




‘j, in the 

til 


depends 

affected by the sign f (denoting the integral of that ex¬ 
pression) be considered, y and ^ must be made to vary 

at the same time; for it follows from the theory for the 
formation of integrals, that the value of a like function de¬ 
pends on the consecutive values of y, which are deduced 

from those of 

“ It is evident that, to take under this point of view 
the differential of any expression whatever, it is sufficient 
to make y 9 dy, d' 2 y y &c, vary without altering x ; but in 
treating this latter quantity as variable as the first, we ar¬ 
rive at results more general and symmetrical than what 
are otherwise obtained, and which lead to, very interesting 
remarks on the nature of the differential forms. For these 
reasons, we shall adopt in this chapter the method of 
making x, dy t d 1 y vary. That the symbols of this new 
species of differentiation, in which x andy are considered 
as independent, may not be confounded with the symbols 
of the first, fn which one of the variable quantities is re¬ 
garded as a function of the other, we shall employ, after 
the manner of Lagrange, the characteristic S ; and we shall 
suppose, with him, that when y changes only by virtue of 
the change of .r, which becomes x dx 9 its differential is 
dy : but that when the relation of y and x varies, these 
two quantities become respectively x 5x f y -+• Sy ; 
and wc note by the name of variations, the increments Sx 
and cy. 

“ Hence it follows that, as du = ^ dx 


a function of x and y) so 


dx 

£u = Sx 

lx 
ydt 


being 


dr 


III applying this to the example wc must regard 

as a function of x and y; whence it results that 
& = p + ,}<£). ami S(r) = = 

dy tly J v dy K dy dy 9 

— Rr ( ~ for Six = dix, My = d$y - " 

M. Lacroix then proves Mr = dSx, &c. After the' 
methods for finding the variations of any function what¬ 
ever, is given the application of the calculus to the, pro¬ 
blems of maxima anil minima. 

Variation, in Astronomy.—The Variation of the 
Moon, called by Bulliald' the Reflection of her Light, is 
the third inequality observed in the moon's motion ; by 
which, when out of the quadratures, her true place dif¬ 
fers from her place twice equated. See Place, Equa¬ 
tion, &c.—Newton makes the moon’s variation to ariso 
partly from the form of her orbit, which is an ellipsis; 
and partly from the inequality of the spaces, which the 
moon describes in cqunl times, by a radius drawn to the 

eartji. . . . 

To find the Greatest Variation. Observe the moon’s lon¬ 
gitude in the octants; and to the time of observation com¬ 
pute the moon's place twice equated ; then the difference 
between the computed and observed place, is thegreutest 
variation. 

Tycho makes the greatest variation 40' 30" ; and Kep¬ 
ler makes il 51' 49". —But Newton makes the greatest va¬ 


riation, at a mean distance between the sun and the earth, 
to be 35' 10": at the other distances, the greatest varia¬ 
tion is in a ratio compounded of the duplicate ratio of the 
times of the moon’s synodical revolution directly, and the 
triplicate ratio of the distance of the sun from the earth 
inversely. And therefore in the sud’s apogee, the great¬ 
est variation is 33' 14", and in his perigee 37' 11"; pro¬ 
vided that the eccentricity of tlite sun be to the transverse 
semidiameter of the orhis magnus, as !&}-j to 1000. Or, 
taking the mean motions of the moon from the sun, as they 
are stated in l)r. Halley’s tables, then the greatest variation 
at the mean distance of the earth from the sun will be 
35' 7", in the apogee of the sun 33' 27", and irt his perigee 
51''. Philos. Nat. Princ. pr. 29, lib. 3. 

V a hi ati on of Curvature , is the rale at which is varied 
the curvature of any curve, except that of the circle, 
which is constant. 

Variation, in Geography, Navigation, &c, a term 
applied to the deviation of the magnetic needle, or com¬ 
pass, from the true north point, cither towards the cast or 
west; called also the declination. Or the variation of 
the compass is properly defined, the angle which a mag 
netic needle freely suspended makes with the meridian line 
on an horizontal plane; or an arch of the horizon, com¬ 
prehended between the true and the magnetic meridians. 
In the sea-language, the variation is usually called north¬ 
easting, or north-westing. 

' All magnetic bodies arc found to range themselves, in 
some sort, according to the meridian ; but they seldom 
agree precisely with it: in one place they decline, from 
the noith toward the cast, in another toward the west; 
and that too differently at different times. 

The variation of the compass could not long remain a 
secret, after the invention of the compass itself: accord¬ 
ingly Ferdinand, the son of Columbus, in his life written 
in Spanish, and printed in Italian at Venice in 1571,’as¬ 
serts, that his father observed it on the 14th of September 
1493: though others seem to attribute the discovery of 
it to Sebastian Cabot, a Venetian, employed in the service 
of our king Henry VII, about the year 1500.—It now ap¬ 
pears however, that this variation or declination of the 
needle was known even some centuries earlier, though it 
docs not appear that the use of the needle itself in navi¬ 
gation was then known. For it seems there is in the libra¬ 
ry of the university of Leyden, a smull manuscript tract 
on the magnet; in Latin, w ritten by one Peter Adsiger, 
bearing date the 8th of Aug fi||jfel 6'9 ; in which the decli¬ 
nation of the needle is partictflhfly mentioned. Mr. Ca- 
vallo has printed the chief part of this letter in the Sup¬ 
plement to his Treatise on Magnetism, with u translation ; 
and it is to be wished he had printed the whole of so cu¬ 
rious a paper. The curiosity of. this letter, says Mr. Ca- 
vnllo, consists in its containing almost all that is at present 
known on the subject, nt least the most remarkable parts 
of it, mixed however with a good deal of absurdity. The 
laws of magnetic attraction, and of the communication of 
that power to iron, the directive property of the natural 
magnet, as well as of the iron that has been touched by it, 
and even the declination of the magnetic needle, arc clearly 
aud unequivocally mentioned in it. 

As this variation differs in different places, Gonzales 
d’Oviedi found there was none at the Azores; whence 
some geographers thought fit in their maps to make the 
first meridian pass through one of these islands; it not 
being then known that the variation altered in time. See 
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London 


Pari 


Uraniburg 

Copenhagen 


Magnet; also Gilbert de Magneto, Lend. l600, pa.4and length it become st 
5 ; or Purchas’s Pilgrims, Loud. l6\!5, book • 2, sect. L back again, birch 
V’arious arc the hypotheses that have been framed to pa. 131. 
account for .this extraordinary phenomenon: we shall Dr. Halley as g 
only notice some of the later, and more probable: just rous observations, a 
premising, that Robert Norman, the inventor of the dip- at the public expei 
pine-needle, disputes against Cortes’s notion, that the varia- this author has thre 
{ion was caused by a point in the heavens; contending history, is very gies 

that it should be sought for in the earth, and proposes how vigation, eVc. 

variations in divers' 

to discover its place. , ; 

The first is that of Gilbert (De Magneto, lib. 4, pa. 151 before appeared t 
See) winch is followed by Cabeus, tec. This notion is, theory will thereto 
that it is the earth, or land, that draws the needle out of observations n is 
its meridian direction : hence they argue, that the needle I rans. No. 148, o 
varied more or less, as it was more or less distant from any Observed Variations 
great continent; and consequently that it it were placed 
in the middle of an ocean, equally distant from equal 
tracts of land on each side, eastward and westward, it Place* observe I at. 

would not decline either to the one or the other, but point ____ 

exactly north and south. Thus, say they, in the Azores 

islands, w hich are equally distant from Africa on the east, London 

and America on the west, there is no variation : but as 

you sail from thence towards Africa, the needle begins to 

decline toward the east, and that still more and more till 

you reach the shore. Proceed still farther eastward, the ^ 

declination gradually diminishes again, by reason ol the Paris 

land left behind on the west, which continues to draw the 

needle. The same also obtains till you arrive at a place 

where the tracts of land on each side are equal ; and there Uraniburg 

again the variation will be nothing. But the misfortune °l cn J fe e11 

is° the law does not hold universally ; for multitudes ot . 

observations of the variation, in different parts, made and an z.ic - 

collected by Dr. Halley, overturn the whole theory. * ,c le _ 

Others therefore have recourse to the frame and com- 
pages of the earth, considered as interspersed with rocks Bay ‘ onne ’ 
and shelves, which being generally found to run towards jjmlson’s p av . 
the polar regions, the needle comes to have a general ten- In Hudson’s Straits 
dency that way ; but it seldom happens that their direction Baflin » s Bay> 
is exactly in the meridian, and the needle bus consequent- g m i,[,» s I 

ly, for the most part, some variation. Sound - J 

Others maintain that divers parts of the earth have dif- 
ferent degrees of the magnetic virtue, as some are more in- g ea 
termixed with heterogeneous matters, which prevent the g t-a 
free action or effect of if, than others are. . Cape St. Augustine 

Others again ascribe all to magnetic rocks and iron Oll'themouth of 7 
mines, which, affording more of the magnetic matter than River Plate j 

other pnrts, attract or draw the needle more. Cape Frio - 

Lastly, others imagine that earthquakes, or high tides, Entrance of "7 
have disturbed and disloculcd several considerable parts Magellan’s > 

of the earth, and so changed the magnetic axis of the globe, Straits - J 

which was origiiynlly the same with the axis of the earth West entrance 7 

itself. _ ... ditto " J 

But none of these theories can be the true one ; for still Baldivia - 
that greut phenomenon, the variation of the variation, i. e. Cape Aguillas - 
the continual change of the declination, in one and the 
same place, is not accountable for, on any of these foun- At Sea 
dutions, nor is it even consistent with them. At Sea 

Doctor Hooke communicated to the Royal Society, in At Sea 
lG74, a theory of the variation; the substance of which is, St. Helena 
tbut the magnet has its peculiar pole, distant 10 degrees Isle Ascension - 
from the pole of the earth, about which it moves, so os to Johanna - 
make a revolution in 370 years: whence the variation, he Mombasa 
says, has altered of late about 10 or 11 minutes every Zocatra - - 

year, and will probably so continue to do for some time, Aden, Mouth of f 
when it will begin to proceed slower and slower, till at Red Sea - j 


length it become stationary and retrograde, and so returu 
back again, iiirch’s Hist, ot the Royal bocicty, vol. 3, 

pa. 131. 

Dr. Halley lias given a new system, the re^-ult ol nume¬ 
rous observations, and even of a number of \o\agcs made 
at the public expence on this account. The light which 
this author has thrown upon this obscure part of natural 
history, is very great, and of important consequence in na¬ 
vigation, &C. In this system he has reduced the several 
variations in divers places to a precise rule, or order, which 
before appeared quite precarious and arbitrary. His 
theory wilb the refore deserve a more ample detail. 1 lie 
observations it is built upon, as laid down in the Thilos. 
Trans. No. 148, or Abr. vol. 2, pa. 624, are as follow : 

Observed Variations of the A eedle in divers places , and at 

diver < times. 


L»ivp»udc 

from 

Luxfm 


Latitude. 


31 n 


2 25 e 48 5 I n I 


12 53 e 


55 5 V n 

55 41 n 


Datit/.ick - - 10 Oe 54 
Montpelier - 4 Of 43 

Brest - - 4 25 w 48 

Rome - - 13 Oe 41 

Bayonne - - 1 20 w 43 

Hudson's Bay - 70 40 w 51 

In Hudson’s Straits 57 0 w 61 

Baffin's Bay, Sir! 

T. Smith's > 80 0t> 78 
Sound - J 

At Sea - - 57 0 w 38 

At Sea - - 31 SO w 43 

At Sea - - 42 ,Ow 21 

Cape St. Augustine 35 30 w 28 
OT.he mouth of 7 53 39 

River Plate \ 


10 Or 
4 O c 
4 25 w 
13 Or 
1 20 w 
70 *0 w 

57 0 w 

• 

80 0» 

57 O w 
31 30 w 
42 0 w 


54 23 n 
43 37 n 
48 23 n 
41 50 n 


43 30 H 
51 On 
61 On 


Yitr nf 
Ohjon*- 
tion. 


I5SO 

1622 

163 y 

1672 

lo83 

1640 

1666 

)6s| 

1672 

1649 

|672 

1679 
167 4 

1680 
1681 
1680 
166S 
1608 


0 n 1616 


38 40 n 
43 50 n 
21 On 
28 0 s 


1682 
1 (»82 
1078 
1670 


Variation 

o' -'CIA «*d. 


II 15 e 

6 Oe 

4 5 e 

2 30 w 

4 30 w 

3 0 e 

0 0 

2 30 w 

2 35 \v 
1 -53 c 

3 45 w 

7 O w 
1 10 w 
1 45 w 

5 0 w 

1 20 \v 

JO 15 \v 
29 30 w 

57 0 w 

7 30 w 
5 30 w 
O 40 e 
5 30 e 


Ow 39 30 s 1670 20 30 e 


Cape Frio - 
Entrance of 1 
Magellan’s > 
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On these observed variations Dr. Halley makes several 
remarks, as to the variation in different parts of the world 
at the time of his writing, eastward and westward, and the 
situation and direction of the lines or places of no varia¬ 
tion : from the w hole he deduces the following theory. 

Dr. Halley’s Theory of the Variation of the Magnetic 
Needle. —That the whole globe of the earth is one greut 
mugnet, having four mugnetical poles, or points of attrac¬ 
tion ; near each pole of the equator two; and that in 
those parts of the world which lie nearly adjacent to any 
one of these magnetic poles, thc.nccdlc is governed by 
it; the nearest pole being always predominant over the 
more remote. 

The pole which at present is nearest to us, he conjec¬ 
tures to lie in or near the meridian of the Lnnd’s-cnd of 
England, and not above 7° from the north pole: by this 
pole, the variations in all Europe and Tartary, and the 
North Sea, are chiefly governed ; though still with some 
regard to the other northern pole, whose situation is in 
the meridian passing about the middle of California, and 
about 15° front the north pole of the world, to which 
the needle has chiefly respect in all North America, and 
in the two oceans on cither side of it, from the Azores 
westward to Japan, and farther. , 

The two southern magnetic poles, he imagines, are ra¬ 
ther more distunt from the south pole of the world ; the 
one being about 16 ° from it, on a meridian 20° to the 
westward of the Magellanic Stieights, or ;;5? west from 
London : this pole commands the needle in*all South 
America, in the Pacific Ocean, and the greatest part of 
the Ethiopic Ocean. The other magnetic pole seems to 
have the greatest power, and the largest dominion of nil, 
ns “ is the most remote from the pole of the world, being 
little less than 20° distant from it, in the meridian which 
passes through New Holland, and the island Pelebes, 
about 120° cast from London: this pole is predominant 
in the south part of Africa, in Arnbia, and the Red Sea, 
in Persia, India, and its islands, and all over the Indian 
tea, from the Capo of Good Hope eastward, to the 
middle of the Great South Sea that divides Asia from 
America. 

Such, he observes, sci ms to be the present disposition 
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of the magnetic virtue throughout the whole globe of the 
earth. It is then shown how this hypothesis accounts 
for all the variations that have been observed ot late and 
how it answers to the several remarks drawn from the 
table, it is there inferred that from the whole it appears, 
that the direction of the needle, in the temperate and 
frigid zones, depends chiefly on the counterpoise of the 
forces of two magnetic poles of the same nature: as also 
why, under the same meridian, the variation should be 
in one place 294 degrees west, and in another 204 de¬ 
grees east. 

In the torrid zone, and particularly about the equator, 
respect must be hud to all the four poles, and their posi¬ 
tions must be well considered, otherwise it will not be 
easy to determine what the variation should be, the nearest 
pole being always strongest; yet' so however as to be 
sometimes counterbalanced by the united forces of two 
more remote ones. Thus, iq sailing from St. Helena, by 
the isle'of Ascension, to the equator, on the north-west 
course, the variation is very little easterly, and unalter¬ 
ably the same in that whole track ; because the South- 
Americun pole (which is much the nearest in the afore¬ 
said places), requiring a great easterly variation, is 
counterpoised by the contrary attraction of the North- 
American and the Asiatic south poles ; each' of 
which singly is, in these parts, weaker than the Arne 
rican south pole; and on the north-west course the 
distance from this latter is very little varied ; and as you. 
recede from the Asiatic south-pole, the balance is still 
preserved by an access toward the North-Aroerican pole. 
In this case no notice is taken of the European north 
pole; its meridian being a little removed from the meri¬ 
dians of these places, and of itself requiring the same 
variations winch are here found. 

After the same manner may the variations in other 
places about the equutor be accounted for, upon Dr. 
Halley’s hypothesis.—But still this will do nothing as to 
accounting for the continual variution or change of the 
declination, in the same plucc. 

To observe the Vaiintion of the Needle. —Dnnv a meri¬ 
dian line, us directed under Meridian ; then a stile be¬ 
ing erected in the middle of it, place a needle upon it, and 
draw the right line which it hangs over. Thus will tho 
quantity of the variation appear. , 

Or thus: As the former method of finding the varia¬ 
tion cannot be applied at sea, others have been devised, 
the principal of which are as follow. Suspend n thread 
and plummet over the compass, till the shadow pass 
through the centre of 'the curd ; observe the rhumb, 
or point of the compass which the shadow touches 
when it is the shortest. For the shadow ig then a 
meridian line; and consequently the variation is deter¬ 
mined. 

• point of the compass on which 

the sun, or snm$ star, rises and sets; bisect the arch in¬ 
tercepted between the rising and setting points, and the 
line ol bisection will be the meridian line; consequently 
the variation is hud as before. The same may also be 
obtained from two equal altitudes of the same star, ob¬ 
served either by duy or night. Or thus: Observe the 
rhumb upon which the sun or star rises and sets; and 
from the latitude of the place find the eastern or western 
amplitude: lor the difference between the amplitude, and 
the distance of the rhumb observed, from the eastern 
rhumb of the card, is the variation sought. 
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Or thus: Observe the altitude of the sun, or some star 
s, whose declination is known; and 
note the rhumb in the compass to 
which it then corresponds. Then 
in the triangle zps, are known three 
sides, viz, pz the co-latitude, ps the 
co-declination, and zs the co-alti- 
tude; the angle pzs is thence found by spherical trigono¬ 
metry; the supplement to which, viz azs, is the azimuth 
from the south. Then the difference between the azimuth 
and the observed distance of the rhumb from the south, 
is the variation sought. See Azimuth Compass. 

The use of the variation is to correct the courses a ship 
lias steered by the compass, which must always be done 
before they are worked, or calculated. 

Variation of the Variation, is a gradual and continual 
change in the variation, observed in any place, by which 
the quantity of the variation is found to be different at 
different times. 


This variation, according to Henry Bond (in his Longi¬ 
tude Found, Lond. 1670, pa. 6), “ was first found to de¬ 
crease by Mr. John Mair; 2dly, by Mr. Edmund Gun¬ 
ter: 3dly, by Mr. Henry Gcllibrand; 4thly, by myself 
(Henry Bond) in l6<10; and lastly, by Dr. Robert Hooke, 
and others, in l665 ;" which they found out by compar- 
ing together observations made at the same place, at dif¬ 
ferent times. The discovery was soon known abroad ; 
for Kirchcr, in his treatise entitled Magncs, first printed 
at Rome in l6’41, says that our countryman Mr. John 
Greaves had informed him of it, and then he gives a let¬ 
ter of Mcrsenne's, containing a distinct account of it. 

This continual change in the variation, is gradual and 
universal, as appears by numerous observations. Thus, 
the variation was, at Paris, 
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the variation towards the conclusion appearing obviously 
to vacillate about a limit. M. dc la Landc (Exposition 
du tfolcul Astronomique) observes, that the variation 
has changed, at Paris, 26° 20' in the space of 150 years, 
allowing that in 1610 the variation was 8° E : and since 
1740 the needle, which was always used by Maraldi, is 
more than 3° advanced toward the west, beyond what 
it was at that period; which is a change after the rate 
nearly of 9\' per year. 

At Cape d’Agulhas, in 1600, it had no variation; 
(whence the Portuguese guve it that name) ; 

in 1622 it was 2 °w 
in 1675 - 8 w 
in I 692 - 11 w 

which is a change of nearly 8' per year, 
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in 1623 - 6 0 £ 

in 1677 - 0 40 f. 

in 1092 - 1 Ow 

which is a change of nearly 5^ per year. 
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which till 1780, is a change after the rate of 10' per year. 
But in the 32 years, from 1780 to 1812, the change was 
only 1° 35', being only at the rate of 3' a year. See 
Philos. Trans. No. 148 and No. 383, and also vol. 45, 
pa. 280, and vol. 66, pa. 393. On the subject of the 
variation, sec also Norman’s New Attractive 1014; Bur¬ 
rows's Discovery of the Variation 15SI ; Bond’s Longi¬ 
tude Found 1676 ; &c. 

Mr. Thomas Harding, in the Transactions of the Royal 
Irish Academy, vol. 4, has given observations on the 
variation of the magnetic needle, at Dublin, which are 
rather extraordinary. lie says the change in the varia¬ 
tion at that place is uniform ; that from the year 
l6'57, in which the variation was nothing (the same 
as at London in that year), it has been going on at 
the medium rate of 12' 20" annually, and was in May 
1791, 27° 23' west; exceeding that at London now 
by 3 or 4 degrees. He brings proof of his assertion of 
the uniformity of the variation, from different authentic 
records, and states the operations by which it is calcu¬ 
lated. He concludes with recommending accuracy in 
marking the existing variation when maps arc made, as 
not only conducing to the exact definition of boundaries, 
but as laying the best foundation for a discovery of the 
longitude by sea or land. 

Theory of the Variation qf the Variation .—According to 
Dr. Halley's theory, this change in the variation of the 
compass, is supposed owing to the difference of velocity 
in the motions of the internal and external parts of the 
globe. From the observations that have been cited, it 
seems to follow, that all the magnetical poles have a mo¬ 
tion westward, but yet not exactly about the axis of the 
earth, for then the variations would continue the same in 
the same parallel of latitude, contrary to experience. 

From the disagreement of such a supposition with ex¬ 
periments therefore, the learned author of the theory in¬ 
vented the following hypothesis: The external parts of 
the globe he considers as the shell, and the internal as a 
nucleus, or inner globe; and between the two be conceives 
a fluid medium. That inner earth having the same com¬ 
mon centre and axis of. diurnal rotation, may revolve 
with our earth every 24 hours : only the outer sphere 
having its turbinating motion somewhat swifter or slower 
than the internal ball; and a very minute difference in 
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length of time, by many repetitions, becoming sensible ; 
the internal parts will gradually recede from the external, 
and they will appear to move, either eastward or westward, 
by the difference of their motions. 

Now, supposing such an internal sphere, having such 
a motion, the two great difficulties in the former hypo¬ 
thesis are easily solved ; for if this exterior shell of earth 
he a magnet, having its pole at a distance from the poles 
ol diurnal rotation ; and if lire internal nucleus be like¬ 
wise a magnet, having its poles in two other places, di¬ 
stant also from the axis; and these latter, by a slow gra¬ 
dual motion, change their place in respect of the external, 
a reasonable account may then be given of the four mag- 
nctical poles before mentioned, and also of the changes of 
the needle's variation. 

The author thinks that two of these poles are fixed, 
and the other two moveable ; viz, that the fixed poles are 
the poles of the external cortex or shell of the earth ; 
ami the other the poles of the inuguctica! nucleus, in¬ 
cluded and moveable within the fornur. From the ob¬ 
servations lie infers, that the motion is westward, and 
consequently that the nucleus has not precisely attained 
the same velocity with the exte rior parts in their diurnal 
rotation; but so very nearly equals it, that in 365 revolu¬ 
tions the difference is scarcely sensible. 

That there is any difference of this kind, arises from 
hence, that the impulse by which the diurnal motion was 
impressed on the earth, was given to the external parts, 
and from thence in time communicated to the internal; 
but so as not yet perfectly to equal the velocity of the first 
motion impressed on the superficial parts of the globe, 
and still preserved by them. 

As to the precise period, observations arc wanting to 
determine it, though the author thinks wc may reasonably 
conjecture that the American pole has moved westward 
46° in 90 years, and that its whole period is performed 
in about 700 years. 

Mr. Whiston, in his New Laws of Magnetism, raises 
several objections against this theory. See Magnetism. 

M. Euler too, the son of the celebrated mathematician 
of that name, has controverted and censured Dr. Halley's 
theory, lie thinks, that two magnetic poles, pluced on 
the surface of the earth, will sufficiently account for the 
variation: and he then endeavours to show, how wc may 
determine the declination of the needle, at any time, and 
on every part of the globe, from this hypothesis. 

Euler first examines the case in which the two mag¬ 
netic poles arc diametrically opposite; 2d, he places them 
in the two opposite meridians, but at unequal distances 
from the poles of the world ; 3d, he places them in the 
same meridians ; finally, he considers them situated in 
two different meridians. These four cases may become 
equally important; because if it is determined that there 
arc only two magnetic poles, and that these poles change 
their situations, it may some time hereafter be discovered 
that they pass through all the different positions. 

Since the needle of the compass ought always to be in 
the plane which passes through the place of observation 
and two magnetic poles, the problem is reduced to the 
discovery of the angle contained between this piano and 
plane of the meridian. M. Euler, after having exa¬ 
mined the different cases, finds that they also express the 
earth's magnetism, represented in the chart published by 
Messrs. Mountaine and Dodson in 1744, particularly 


throughout Europe and North America, if the following 
principles arc established ; viz. Between the arctic pole 
and the magnetic pole 14° 53';—between the antarctic 
pole and the other magnetic pole 29° 23';—the angle at 
the north pole, formed by the meridians passing through 
the two magnetic poles 53° lb';—The longitude of the 
meridian which passes over the northern magnetic 
pole 250 f . 

As the observations which have been collected, with re¬ 
gard to the variation, are for the most part loose and in¬ 
accurate, it is impossible to represent them all with pre¬ 
cision ; and the great variations observed in the Indian 
ocean seem to require, says Euler, that the first three 
quantities should be 14,35, and 65 degrees.—Sec Cavallo's 
Treatise on Magnetism, pa. 117. 

In the memoir of Messrs. Biot and Humboldt, i€ On the 
variations of the terrestrial magnetism in different lati¬ 
tudes," the position of the magnetic equator is deter¬ 
mined from direct observations. The inclination of the 
plane of this circle to the astronomical equator, is stated 
to he 10° 58' 56 i; , its occidental node on that equator 
being at 120° 2 f 5 1 ' longitude, west from Paris, the other 
node at 59° 57' 55" cast of Paris. The points where the 
axis of the magnetic equator pierces the earth's surface, 
are, the northern point at 79^ l f 4 f north lat. and 30° 2' 5" 
west long, from Paris; the southern point is situated in 
the same latitude south, and 149° 57' 55" cast long, 
from Parish 

Variation of the Needle by Heat and Cold , otherwise 
called the Diunial or Daily Variation .—There is a small 
variation of the variation of the magnetic needle, amount¬ 
ing only to a few minutes of a degree in the same place, 
at different hours of the same day, which is only discover¬ 
able by nice observations. Mr. George Graham made 
several observations of this kind in the years 1722 and 
1723, professing himself altogether ignorant of the cause 
of the phenomena he observed. Philos. Trans. No. 383. 

About the year 1750, Mr. Wargenlin, secretary of the 
Swedish Academy of Sciences, look notice both ol the re¬ 
gular diurnal variation of the needle, and also of its being 
disturbed at the time of the aurora borealis, as recorded 
in the Philos. Trans, vol.47, pa. 126. 

About the year 1756, Mr. Canton commenced a series • 
of observations, amounting to near 4000, with an excel¬ 
lent variation-compass, of about 9 inches diameter* The 
number of days on which these observations were made, 
was 603, and the diurnal variation on 574 of them was 
regular, so as that the absolute variation of the needle 
westward was increasing from about 8 or 9 o'clock in the 
morning, till about 1 or 2. in the afternoon, when the 
needle became stationary for some time; after that, the 
absolute variation westward was decreasing, and the rccdle 
came back again to its former situation, or nearl/ so, in 
the night, or by the next morning. Thc.diurnal variation 
is irregular when the needle moves slowly eastward in the 
latter part of the morning, or westward in the latter part 
of the afternoon; also when it moves much cither way 
after night, or suddenly both ways in a short time. These 
irregularities seldom happen more than once or twice in a 
month, and are always accompanied, as far as Mr.Canton 
observed, with an aurora borealis. 

Mr. Canton lays down and evinces, by experiment, the 
following principle, viz, that the attractive power-of the 
magnet (whether natural or artificial) will decrease while 
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the magnet is heating, and increase while it is cooling. 
He then proceeds to account for both the regular and ir¬ 
regular variation. It is evident, he says, that the magnetic 
parts of the earth in the north, on the east side and on 
the west side of the magnetic meridian, equally attract 
the north end of the needle. If then the eastern magnetic 
parts he heated faster by the sun in the morning, than the 
western parts, the needle will move westward, and the ab¬ 
solute variation will increase: when the attracting parts 
of the earth on each side of the magnetic meridian have 
their heat increasing equally, the needle will he stationary, 
and the absolute variation will then be greatest: but when 
the western magnetic parts are either heating faster or 
cooling slower than the eastern, the needle will move 
eastward, or the absolute variation will decrease; and when 
the eastern and western magnetic parts are cooling equally 
fust, the needle will again he stationary, and the absolute 
variation will then he a minimum. 

By this theory, the diurnal variation in the summer 
ought to exceed that in winter ; and accordingly it is 
found by observation, that the diurnal variation in the 
months of June .and July is almost double of that in De¬ 
cember and January. 

The irregular diurnal variation must arise from some 
other cause than that of heat communicated by the sun ; 
and here Mr. Canton has recourse to subterranean heat, 
which is generated without any regularity as to time, and 
which will, when it happens’ in the north, affect the at¬ 
tractive power of the magnetic parts of the earth on the 
north end of the needle. That the air nearest the earth 
will he most warmed by the heat of it, is obvious; and 
this has been often noticed in the morning, before day, by 
means of thermometers at different di>tanccs from the 
ground. Philos. Trans, vol. 48, pa. 526. 

Mr. Canton has annexed to his paper on this subject, a 
complete year's observations; from which it appears, that 
the diurnal variation increases from January to June, and 
decreases from June to December. Philos. Trans, an. 1759, 
pa. 398. Abridg. vol. 11, pa. 421. 

It has also been observed, that different needles, espe¬ 
cially if touched with different loadstones, will differ a few 
minutes in their variation. Sec l’oleni Epist. Phil. Trans. 
No. 421. 

Dr. Lorimer (in the Supp. to Cavallo's Magnetism) ad¬ 
duces some ingenious observations on this subject. It must 
be allowed, says he, according to the observations of se¬ 
veral ingenious gentlemen, that the collective magnetism 
of this earth arises from the magnetistp of all the ferrugi¬ 
nous bodies contained in it, and that the magnetic poles 
should therefore be considered as the centres of the powers 
of those magnetic substances. These poles must therefore 
change their places according as the magnetism of such 
substances is affected ; and if with Mr. Canton we allow, 
that the general cause of the diurnal variation arises from 
the sun’s heat in the forenoon and afternoon of the same 
day, it will naturally occur, that the same cause, being 
continued, may be sufficient to produce the general va¬ 
riation of the magnetic needle for any number of years. 
For wc must consider, that ever since any attentive obser¬ 
vations have been made on this subject, the natural direc¬ 
tion of the magnetic needle in Europe has been constantly 
moving from east to west, and that in other parts of the 
world-it has continued its motion with equal constancy. 

'As we must therefore admit, says Dr. Lorimer, that the 
heat in the different seasons depends chiefly on the suu, 
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ind that the months of July and August are commonly 
the hottest, while January and February are the coldest 
months of the year; and that the temperature of the other 
months falls into the respective intermediate degrees ; so 
we must consider the influence of beat upon magnetism to 
operate in the like manner, viz, that for a short time it 
scarcely manifests itself; yet in the course of a century, 
the constancy and regularity of it becomes sufficiently a|>- 
parent. It would thereforcbe idle to suppose, that such 
an influence could be derived from an uncertain or for¬ 
tuitous cause. But if it be allowed to depend on the con¬ 
stancy of the sun’s motion, and this appears to be a cause 
sufficient to explain the phenomena, we should (agreeably 
to Newtons first law of philosophizing) look no farther. 

As we therefore consider, says he, the magnetic powers 
of the earth to be concentrated in the magnetic poles, and 
that there is a diurnal variation of the magnetic needle, 
these poles must perform a small diurnal revolution pro¬ 
portional to such variation, and return again to the same 
point nearly. Suppose then that tho sun in his diurnal 
revolution passes along the northern tropic, or along any 
parallel of latitude between it and the equator; when be 
comes to that meridian in which the magnetic pole is 
situated, he will be much nearer to it, than in any other; 
and in the opposite meridian he will of course be the far¬ 
thest from it. As the influence of the sun’s heat will 
therefore act most powerfully at the least, and less for¬ 
cibly at the greatest distance, the magnetic pole will con¬ 
sequently describe a figure something of the elliptical kind; 
and as it is well known that the greatest heat of the day 
is some time after the sun lias passed the meridian, the 
longest axis of this elliptical figure will lie north-easterly 
in the northern, and south-easterly in the southern he¬ 
misphere. Again, as the influence of the sun’s heat will 
not from those quarters have so much power, the magne¬ 
tic poles cannot be moved back to the very same point 
from which they set out; but to one which will be a little 
more northerly and easterly, or more southerly and east¬ 
erly, according to the hemispheres in which they are 
situated. The figures therefore which they describe, may 
more properly be termed clliptoidal spirals. 

In this manner the variation of the magnetic needle in 
the northern hemisphere may be accounted lor. But 
with respect to the southern hemisphere we must recollect, 
that though the lines of declination in the northern he¬ 
misphere have constantly moved from west to east, yet in 
the southern hemisphere, it is cquully certain that they 
have moved from east to west, ever since any observations 
have been made on the subject. Hence then the lines of 
magnetic declination, or Halleyan curves, as they arc now 
commonly cnlled, appear to have a contrary motion in the 
southern hemisphere, to what they have in the northern; 
though both the magnetic poles of the earth move in the 
same direction, that is from west to east. 

In the northern hemisphere there was a line of no va¬ 
riation, which had east variation on its eastern side, and 
west variation on its western side. This line evidently 
moved from west to east during the two labt centuries ; the 
lines of east variation moving before it, while the lines of 
west variation followed it with a proportional pace. These 
lines first passed the Azores or Western Islands, then the 
meridian of London, and after a certain number of years 
still later, they passed the meridian of Paris. But in the 
southern hemisphere there was another line of no variation, 
which hud cast variation on t' ‘’western side, and west v»- 
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liation on its eastern; the lines of east variation moving 
before it, while those of the west variation followed it. 
This line of no variation first passed the Cape des Aiguilles, 
and then the Cape of Good Mope; the lines of 5°, 10°, 15°, 
and 20 ° west variation following it, the same as was the 
case in the northern hemisphere, but in the contrary di¬ 
rection. 

We may just farther mention the idea of Dr. Gowin 
Knight, which was, that this earth had originally received 
its magnetism, or rather that its magnetical powers had 
been brought into action, by a shock, which entered near 
the southern tropic, and passed out at the northern one. 
His meaning appears to have been, that this was the course 
of the magnetic fluid, and that the magnetic poles were at 
first diametrically opposite to each other. Though, ac¬ 
cording to Mr. Canton's doctrine, they would not have 
long continued so ; for from the intense heat of the sun 
in the torrid zone, according to the principles already ex¬ 
plained, the north pole must have soon retired to the north¬ 
eastward, and the south pole to the south-eastward. It is 
also curious to observe, that on account of the southern 
hemisphere being colder upon the whole than the northern 
hemisphere, the magnetic poles would have moved with 
unequal pace: that is, the north magnetic pole would 
have moved farther in any given time to the north-east, 
than the south magnetic pole could have moved to the 
south-east. And, according to the opinions of the most 
ingenious authors on this subject, it is generally allowed, 
that at this time the north magnetic pole is considerably 
nearer to the north pole of the earth, than the south mag¬ 
netic pole is to the south pole of the earth. 

. It may farther be added, that several ingenious sea 
officers arc of opinion, that in the western parts of the 
English Cnannel the variation of the magnetic needle has 
already begun to decrease ; having in no part of it ever 
amounted to 25°. There are however other persons who 
assert that the variation is still increasing in the Channel, 
and as far westward as the 15th degree of longitude and 
51° of latitude, at which place they say that it amounts 
to about 30°. 

Of the Variation Chart . Doctor Halley having col¬ 
lected a multitude of observations made on the variation 
of the needle in many parts of the world, was hence en¬ 
abled to draw, on a Mercator's chart, certain lines, show¬ 
ing the variation of the compass in all those places over 
which they passed, in the year 1700 , when he published 
the first chart of this kind, called the Variation Chart. 

From the construction of this chart it appears, that the 
longitude of any of those places may be found by it, when 
the latitude and the variation in that place are known. 
Thus, having found the variation of the compass, draw a 
a parallel of latitude on the chart through the latitude 
found by observation ; and the point where it cuts the 
curved line, whose variation is the same with that ob¬ 
served, will he the ship's place. A similar project of 
thus finding the longitude, from the known latitude and 
inclination or dip of the needle, was before proposed - by 
Henry Bond, in his treatise entitled, The Longitude 
Found, printed in 1676 . 

This method however is attended with two considerable 
inconveniences: 1st, That wherever the variation lines 
run east and west, or nearly so, this way of finding the 
longitude becomes imperfect, as their intersection with 
the parallel of latitude must be very indefinite: and 
among all the trading pof the world, this imperfec¬ 


tion is at present found chiefly on the western coasts of 
Europe, between the latitudes of 45° and 53° ; and on the 
eastern shores of North America, with some parts of the 
Western Ocean and Hudson's Bay, lying between the said 
shores : but for the other parts of the world, a variation 
chart may be attended with considerable benefit. How¬ 
ever, the variation curves, when they runeast and west, 
may sometimes be applied to good purpose in correcting 
the latitude, when meridian observations cannot be had, 
as it often happens on the northern coasts of America, in 
the Western Ocean, and about Newfoundland ; for if the 
variation can be obtained exactly, then the east and west 
curve, answering to the variation in the chart, will show 
the latitude. 

2 dly, As the deviation of the magnetical meridian, from 
.the true one, is subject to continual alteration, therefore 
a chart to which the variation lines arc fitted for any year, 
must in time become useless, unless new lines, showing 
the state of the variation at that time, be drawn on the 
chart: but as the change in the variation is very slow, 
therefore new variation charts published every 7 or 8 
years, will answer the purpose tolerably jvcll. And thus 
it has happened that Halley's variation chart has become 
useless, for want of encouragement to renew it from time 
to time. 

However, in the year 174-4, Mr. William Mountainc 
and Mr. James Dodson published a new variation chart, 
adapted for that year, which was well received; and se¬ 
veral instances of its great utility having been communi¬ 
cated to them, they fitted the variation lines anew for the 
year 1756, and in the following year published the 3d 
variation chart, and also presented to the Royal Society 
a curious paper concerning the variation of the magnetic 
needle, with a set of tables annexed, containing the result 
of upwards of 50 thousand observations, in six periodical 
reviews, from the year 1700 to 1756 inclusive, and 
adapted to every 5 degrees of latitude and longitude in 
the more frequented oceans; which paper and tables 
were printed in the Transactions for the year 1757- 

From these tables of observations, such extraordinary 
and whimsical irregularities occur in the variation, that vtc 
cannot think it wholly under the direction of one general 
and uriiform law ; butratherconclude, with Dr.Knight, in 
the 87th prop, of his Treatise upon Attraction and Repul¬ 
sion, that it is influenced by various and different magnetic 
attractions, perhaps occasioned by the heterogeous com¬ 
positions in the great magnet, the earth. 

Many other observations on the variation of the mag¬ 
netic needle, are to be found in several volumes of the 
Philos. Trans. See particularly vol.48, pa. 875; vol. 50 K 
• pa. 3i29 » vol. 56, pa. 220; and vol. 61, pa. 422. 

Variation Compass. See Co Mr ass. 

Variation qf Curvature , in Geometry, is used for 
that inequality or change which takes place in the curva¬ 
ture of all curves except the circle, by which their cur¬ 
vature is more or less in different parts of them. And 
this variation constitutes the quality of the curvature of 
any line. 

Newton makes the index of the inequality, or variation 
of curvature, to be the ratio of the fluxion of the radius 
of curvature to the fluxion of the curve itself and Mac- 
lnurin, to avoid the perplexity that different notions, con¬ 
nected with the same terms, occasion to' learners, has 
adopted the same definition 2 but he suggests,* that this ratio 
gives rather the variation of the ray of curvature, and that 
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it might have been proper to have measured the variation 
ol curvature rather by the ratio of the fluxion ot the cur¬ 
vature itself to the fluxion of the curve; so that, the cur¬ 
vature being inversely as the radius of curvature, and con¬ 
sequently its fluxion as the fluxion of the radius itself 
directly, and the square of the radius inversely, its varia¬ 
tion would have been directly as the measure of it accord- 
in* 7 to Newton’s definition, and invcisely as the square of 
the radius of curvature. 

According to this notion, it would have been measured 
by the angle of contact contained by the curve and circle 
of curvature, in the same manner as the curvature itself 
is measured by the angle of contact contained by the 
curve and tangent. The reason of this remark may appear 
from this example : The variation of curvature, accord- 
inn to Newton's explication, is uniform in the logarithmic 
spiral, the fluxion of the radius of curvature in this figure 
being always in the same ratio to the fluxion of the curve ; 
and yet, while the spiral is produced, though its curva¬ 
ture decreases, it never vanishes; which must appear a 
strange paradox to those who do not attend to the import 
of Newton’s definition. Newton's Method of Fluxions 
and Inf. Series, pa. 76. Maclaurin’s Flux. art. 386. 
Philos. Tran*. No. 468, pa.312. 

The variation of curvature at any point of a conic sec¬ 
tion, is always as the tangent of the angle contained by 
the diameter that passes through the point of contact, and 
the perpendicular to the curve at the same point, or to 
the angle formed by the diameter of the section and of 
the circle of curvature. Hence the variation of curvature 
vanishes at the extremities of either axis, and is greatest 
when the acute angle, contained by the diameter passing 
through the point of contact and the tangent, i* least. 

When the conic section is a parabola, the variation is 
as the tangent of the angle, contained by the right line 
drawn from the point of contact to the focus, and the 
perpendicular to the curve. See Curvature. 

From Newton’s definition may be derived practical 
rules for the variation of curvature, as follows: 

1 . Find the radius of curvature, or rather its fluxion ; 
then divide this fluxion by the fluxion of the ‘curve, and 
the quotient will give the variation of curvature; exter¬ 
minating the fluxions when necessary, by the equation 
of the curve, or perhaps by expressing their ratio by help 
of the tangent, or ordinate, or subnormal, &c. 

2. Since -^-s, or (putting x = 1) denotes the 

radius of curvature of uny curve z, whose absciss is x, 
and ordinate y\ if the fluxion of this be divided by i, 
and z and l be exterminated, the general value of the va¬ 
riation will come out aj ^ + '• then substitut¬ 

ing the values of /, y, y (found from the equation of the 
curve) into this quantity, it will give the variation sought. 

Ex. Let the curve be the parabola, whose equation is 


ax = y*. Here then 2yj = ax — a, nnd'ji = — ; 

hence y = — = —r, and y — — A . 

— 3jfy* + yd + y*) _ 


8 / 

Therefore ~ -V -— = - 3y + y x = 

~ 22. x (1 -h —) X = —, the variation 

iy *'/ “ « 

bought, limerson’s Flux. pa. 228. 


VA1VIGNON (Petek), n celebrated French matlie- 
matician and pries*!, was born at Caen in 1654, and died 
1722, at 68 years of age. He was the son of an architect 
in middling circumstances, but had a college education, 
bein<* intended for the church. An accident threw a 
copy of Euclid’s Elements in his way, which gave him^a 
strong turn to that kind of learning. r l lie study of geo¬ 
metry led him to the works of Descartes on the same 
science, and there he was struck with that new light 
which has, from thence, spread over the world. 

At this time the abbe St. Pierre, who studied philosophy 
in the same college, became acquainted with him. A 
taste in common for rational subjects, whether physics or 
nietapb) sics, and continual disputations, formed the 
bonds of their friendship. They were mutually service¬ 
able to each other in their studies. The abbe, to enjoy 
Varignon’s company with greater case, lodged him with 
himself; thus, growing still more sensible of his merit, be 
resolved to give him a fortune, that he might fully pursue 
his genius, and improve his talents; and, out of only 18 
hundred livres a year, which he had himself, he conferred 
300 of them on Varignon. 

The abbe, persuaded that he could not do better than 
go to Paris to study philosophy, settled there in 1686, 
with M. Varignon, in the suburbs of St. Jacques. There 
each studied in his own way ; the abbe applying himself 
to the study of men, manners, and the principles of go¬ 
vernment; whilst Varignon was wholly occupied with the 
mathematics. In these solitary suburbs he formed a 
connection with many other learned men; as Dulmmel, 
Duverney, Delahire, &c. Duverncy often asked his as¬ 
sistance in those parts of anatomy connected with mecha¬ 
nics: they examined together the positions of the mus¬ 
cles, and their directions; hence Varignon learned a good 
deal of anatomy from Duverney, which he repaid by the 
application of mathematical reasoning to that subject. 

At length, in 1687, Varignon made himself known to 
the public by a treatise on New Mechanics, dedicated to 
the Academy of Sciences. Mis thoughts on this subject 
were, in effect, quite new. lie discovered truths, and laid 
open their sources. In this work, he demonstrated the 
necessity of an equilibrium, in such cases where it happens, 
though the cause of it is not exactly known. This disco¬ 
very Varignon made by the theory of compound motions, 
and is what this essay chiefly treats upon. 

This new treatise on mechanics was greatly admired by 
the mathematicians, and procured the author two consi¬ 
derable places, the one of geometrician in the Academy 
of Sciences, the other of professor of mathematics in the 
College of Mazarine, to which he was the first person 
raised; 9 

Varignon catched eagerly at the science of infinitesi¬ 
mals as soon as it appeared in the world, and became one 
of its most early cultivators. When that sublime and 
beautiful method was attacked in the Academy itself (for 
it could not escape the fate of all innovations), he became 
one of its most zealous defenders, and in its favour he put 
a violence upon his natural character, which abhorVed all 
contention. He sometimes lamented, that this dispute 
had interrupted him in his enquiries into the integral cal¬ 
culation so far, that it would be difficult for him to ie- 
sume his disquisition where he had left it off. Me sacri¬ 
ficed infinitesimals to the interest of infinitesimals, and 
gave up the pleasure and glory of making a farther pro?- 
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gross in thorn when called upon by duty to undertake 
their defence. 

All the printed volumes of the Academy boar witness 
to his application and industry. His works arc never 
detached pieces, hut complete theories of the laws of mo¬ 
tion, central forces, and the resistance of mediums to 
moving bodies. In these he makes such use of his rules, 
that nothing escapes him that has any connection with the 
subject he treats. 

Geometrical certainty is by no means incompatible 
with obscurity and confusion, and those are sometimes 
so great, that it is surprising a mathematician should not 
lose bis way in so dark and perplexing a labyrinth. The 
works ol Al. V arignon never occasion this disagreeable 
surprise, he makes it his chief care to place every thing 
in the clearest light ; he does not, like some gnat ge¬ 
niuses, consult his ease by declining to take the trouble 
of being methodical, a trouble much greater than that of 
composition itselt; he does not endeavour to acquire a 
reputation for profoundness, by leaving a great dial to be 
guessed by the reader. 

Though Varignon’s constitution did not seem easy to 
be impaired, assiduity and constant application brought 
upon him a severe disease in 1705. Great abilities are 
generally dangerous to the possessors, lie was six months 
in danger, and three years in a languid state, which pro¬ 
ceeded from his spirits being almo>t entirely exhausted. 
Me said that sometimes, when delirious with a fever, he 
thought himself in the midst of a forest, where all the 
leaves of the trees were covered with algebraical calcula¬ 
tions. Condemned by his physicians, his friends, and 
himself, to lay aside all study, he could not, when alone 
in his chamber, avoid taking up a book of mathematics, 
which he hid as soon as he heard any person coming. He 
again resumed the attitude and behaviour of a sick man, 
and seldom had occasion to counterfeit. Our author re¬ 
covered from his disease; but the remembrance of what 
he had suffered did not make him more prudent for the 
future. 

With regard to his character, Fontenellc observes, that 
it was at this time that a writing of his appeared, in 
which he censured Dr. Wallis for having advanced that 
there are certain spaces more than infinite, which.that 
great geometrician ascribes to hyperbolas. He maintain¬ 
ed, on the contrary, that they were finite. The criticism 
was softened with all the politeness and respect imagina¬ 
ble ; but a criticism it was, though lie had written it only 
for himself. He let M. Carr£ see it, when he was in a 
stale that rendered him indifferent about things of that 
kind; and that gentleman, influenced only by the inte¬ 
rest of the sciences, caused it to be printed in the me¬ 
moirs of the Academy of Sciences, unknown to the au¬ 
thor, who thus made an attack against his inclination. 

Notwithstanding his great desire of peace, in the latter 
part of his life he was involved in a dispute. An Italian 
monk, well versed in mathematics, attacked .him on the 
subject of tangents and the angle of contact in curves, such 
as they are conceived in the arithmetic of infinites; he 
answered by the last memoir he ever gave to the Academy, 
and the only one which turned on a dispute. 

In the last two years of his life he was attacked with 
an asthmatic complaint. This disorder increased daily, 
and all remedies were ineffectual. He did not however 
cease from any of his customary busiucss ; so that, after 


] 

having finished his lecture at the College of Mazarine, on 
the 22d of December 1722, he died suddenly the follow¬ 
ing night. 

His character, says Fontenellc, was as simple as his 
superior understanding could require. He was not apt 
to he jealous of the fame cf others: indeed he was at 
the head of the French mathematicians, and one of the 
best in Europe. It must be owned however, that when 
a new idea was offered to him, he was too hasty to object. 
The fire of his genius, the various insights into every sub¬ 
ject, made too impetuous an opposition to those that were 
offered; so that it was not easy to obtain from him a fa¬ 
vourable attention. 

His works that were published separately, were, 

1. Projet d’une Nouvellc Mechanique; 4to, Paris 1687. 

2. Dcs Nouvcllcs Conjectures sur la Pesantcur. 

3. Nouvellc Mechanique ou Statique, 2 tom. 4to, 
1725. 

4. Un Traite du Mouvcmcnt &c de la Mesurcdes Eaux 
Courantes &c. 1725, in 4to. # 

5. Eclaircisscmcnt sur V Analyse des Infinimcnt Petits, 
in 4to. 

(>. Dos Cahiers do Malhcinatiqucs, ou Elemcns de Ma- 
thematiques; in 1731. 

7. Cue Demonstration de la Possibility de la Presence 
r£clle du Corps dc Jesus Christ dans l'Eucharistic; in 
a collection entitled, Pieces Fugitives sur l’Eucharistic, 
published in 1730; an extraordinary thing for a mathe¬ 
matician to undertake to demonstrate; which lie does, as 
might be expected, not mathematically, but sopbisti- 
ctilly. 

As to his memoirs in the volumes of the Academy of 
Sciences, they arc far too numerous to be here particu¬ 
larized ; they extend through almost all the volumes, 
down to his death in 1722. 

VASA Concordia , in Hydraulics, are two vessels, so 
constructed, as that one of them, though full of wine, will 
not run a drop, unless the other, being full of water, run 
also. Their structure and apparatus may be seen inVVol- 
fius. Element. Mathes. tom. 3, 11ydraul. 

VAUBAN (Sebastian lf. Presthe), a very great 
French engineer, was born in 1633. He displayed great 
abilities and skill in many sieges, and his services were re¬ 
warded with the first military honours.* He was made 
gove rnor of Lisle, commissary-general of the fortifica¬ 
tions of France, and afterwards governor of the maritime 
parts of Flanders, und a marshal of France. He died in 
1707, having brought fortification to a degree of perfec¬ 
tion unknown before. His writings on these subjects are 
still in very high esteem. 

VAULT, in Architecture, an arched roof, so contrived, 
os that the* several stones of which it consists, by their 
disposition into the form of a curve, mutually sustain 
each other; as the arches of bridges, &c. 

Vaults aie to be preferred, on many occasions, to sof¬ 
fits, or flat ceilings, as they give a greater rise and eleva¬ 
tion, and aie also more firm and durable. 

The ancients, Salmasius observes, had only three kinds 
of vaults: the first the fornix, made cradle-wise; the 2d, 
the testudo, tortoise-wise, or oven-wise; the 3d, the 
concha, made shell-wise. But the moderns subdivide 
these tbreo kinds into a great many more, to which they 
give different names, according to their figures and use: 
some are circular, others elliptical &c • 
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Again, the sweeps of some arc larger, and others less 
portions of a sphere: all above hemispheres are called 
high, or surmounted vaults; all that are less than hemi¬ 
spheres, arc low, or surbased vaults, &c.—In some the 
height is greater than the diameter; in others it is !c*s: 
there are others again quite flat, only made with haunscs ; 
others oven like, and others growing wider as they 
lengthen, like a trumpet. 

Vaults are cither single, double, cross, diagonal, hori¬ 
zontal, ascending, descending, angular, oblique, pendent, 
&c, &c. There are alsoGothic vaults, with p« ndentive>,«S:c. 

Master Vaults, are those which cover the principal 
parts of buildings; in contradistinction from the less, or 
subordinate Vaults, which only cover some small part ; 
as a passage, a gate, «S:c. 

Double Y ault, is such a one as, being built over ano¬ 
ther, to make the exterior decoration range with the in¬ 
terior, leaves a space between the convexity of the one 
and the concavity of the other ; as in the dome of St. 
Pauls at London, and that of St. Peters at Rome. 

Vaults with Compartit/ients 9 are such whose sweep, or 
inner face, is enriched with panncls of sculpture, sepa¬ 
rated by platbands. These compartiments, which are of 
different figures, according to the vaults, and arc usually 
gilt on a white ground, arc made with stucco, on brick 
vaults; as in the'church of St. Peter's at Rome; and 
with plaster, oh timber vaults. 

Theory of Vaults. — In a semicircular vault, or arch, 
being a hollow cylinder cut by a plane through its axis, 
standing on two imposts, and all the stones that compose 
it being cut and placed in such a manner, as that their 
joints, or beds, being prolonged, do all meet in the centre 
of the vault; it is evident'that all the stones must he cut 
wedge-wise, or wider at top and above, than below ; by 
virtue of which, they sustum each other, and mutually 
oppose the effort of their weight, which determines them 
to fall. 

The stone in the middle of the vault, which is perpen¬ 
dicular to the horizon, and is called the key of the vault, 
is sustained on each side by the two contiguous stone's, 
as by two inclined planes. „ The second stone, which is 
on the right or left of the key-stone, is sustained by a 
third ; which, by virtue of the figure of the vault, is neces¬ 
sarily more inclined to the second, than the second is to 
the first; and consequently the second, in the effort it 
makes to fall, employs a less part of its weight than the 
first. For the same reason, all the stones, reckoning from 
the keystone, employ still a less and less part of their 
weight, to the last; which, resting on the horizontal plane, 
employs no part of its weight, or makes no effort to fall, 

being entirely supported by the impost. 

Now a great point to be aimed at in vaults, is, that all 
the several stones make an equal effort to fall: to effect this, 
it is evident that as each stone, reckoning from the key to 
the impost, employs a still less and less part of its whole 
weight; the first only employing, for example, one-half; 
the 2d, one-third; the 3d, one-fourth; &c; there is no 
other way to make these different parts equal, hut by a 
proportionable augmentation of the whole; that is, the 
second stone must be heavier than the first, the third 
heavier than the second, and so on to the last, which 
should he vastly heavier. 

Lahire demonstrates what that proportion is, in which 
the weights of the stones of a semicircular arch must be 


increased, to be in cquilibrio, or to tend with equal 
forces to fall; which gives the firmest disposition that a 
vault can have. Before him, the architects had no certain 
rule to conduct themselves b) ; but did all at random. 
Reckoning the degrees ol the quadrant of the circle, from 
the keystone to the impost, the length or weight of each 
stone must be so much greater, as it is farther from the 
key. La hi re’s rule is, to augment the weight of each 
stone above that of the keystone, as much ;ts the tangent 
of the arch to the stone exceeds the tangent of the arch 
of half the key. Now the tangent ol the last stone be¬ 
comes infinite, and consequently the weight should be so 
too; but as infinity has no place in practice, the rule 
amounts to this, that the last stone be loaded as much as 
possible, and the others in proportion, that they may the 
better resist the effort which the vault makes to separate 
them; which is called the shoot or drill of the vault. 

M. Parent, and other authors, have since determined 
the curve, or figure, which the extrados or outside of a 
vault, whose intrudes or inside is spherical,ought to have, 
that all the stones may be in cquilibrio. 

'Flic above rule of Lahire’s has since been found not 
accurate, bee Alien, and Bridge. Si e also my Trea¬ 
tise on the Principles of Bridges in my Tracts, and Liner- 
son’s Construction of Arches; also M. Berard’s Statiquc 
do Yontes. 

Key of a Vault. See Key, and \ oussoir. 

Reins or Fillings up of a Vault, are the sides which 
sustain it. 

Pendent ive of a Vault. See Pendrntivf.. 

Impost of a Vault, is the stone upon which is laid the 
first voussoir, or arch-stone ol the vault. 

VLADAR, in Chronology, the 13ih month of the Jewish 
ecclesiastical year, answering commonly to our March ; 
this month is intercalated, to prevent the beginning of Ni- 
san from being removed to the end ot February. 

VliCTIS, in Mechanics, one of the simple mechanical 
powers, more usually called the Lever. 

VECTOR, or Radius Vector , in Astronomy, is a line 
conceived to be drawn from any planet moving round a 
centre, or the focus of an ellipse, to that ceilin', or focus. 
It is so called, because it is that line by which the planet 
seems to be carried round its centre ; and with which it 
describes areas proportional to the times. 

VELOCITY, Celerity , or Swiftness, in Mechanics, is that 
affection of motion, by which a moving body passes over 
a certain space in a certain time. This is always propor¬ 
tional to the space moved over in a given time, when the 
velocity is. uniform, or always the same during that time. 

Velocity is either uniform or variable. Uniform, or 
equal velocity, is that with which a body passes over 
equal spaces in equal times. And it is variable, or unc- 
qu;4« when the spaces passed over in equal times arc un¬ 
equal ; in which case it is either accelerated or retarded 
velocity ; and this acceleration, or retardation, may also 
be equal or uncquul, i.e. uniform or variable, &c. Sec 
Acceleration, and Motion. 

Velocity is also either absolute or relative. Absolute 
velocity is that we have hitherto been considering, in which 
the velocity of a body is considered simply in itself, or as 
passing over a certain space in a certain time. But rela¬ 
tive or respective velocity, is that with which bodies ap¬ 
proach to, or recede from one another, whether they both 
move, or one of them be at rest. Thus, if one body move 
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with the absolute velocity of 2 feet per second, and ano¬ 
ther with that of (i feet per second ; then if they move 
directly towards each other, the relative velocity with 
which they approach is that of 8 feet per second ; but if 
they move both the same way, so that the latter overtake 
the former, then the relative velocity with which that over¬ 
takes it, is only that of 4 feet per second, or only half of 
the former ; and consequently it will require double the 
time of the former before they come in contact together. 

Velocity in a Right Line .—When a body moves with 
a uniform velocity, the spaces passed over by it, in different 
times, are proportional to the times; also the spaces de¬ 
scribed by two different uniform velocities, in the same 
time, are proportional to the velocities ; and consequently, 
when both times and velocities arc unequal, the spaces de¬ 
scribed are in the compound ratio of the times and velo¬ 
cities. That is, s a tv, and s a tv ; or s : $ : : tv : tv. 

Hence also, v : v : : — : or the velocity is as the 

space directly and the time reciprocally. 

But in uniformly accelerated motions; the last degree 
of velocity uniformly gained by a body in beginning from 
rest, is proportional to the time ; and the space described 
from the beginning of the motion, is as the product of the 
time and velocity, or as the square of the velocity, or as 
the square ot the time. That is, in uniformly accele¬ 
rated motions, v <x /, and s oc tv or cc v 2 or <x t*. Ami, 

• • 

in fluxions, s — vt. 

Velocity of Bodies moving in Curves. —According to 
Galileo's system of the descent of heavy bodies, which is 
now universally admitted among philosophers, the veloci¬ 
ties of a body falling vertically are, at each moment of its 
fall, as the square roots of the heights'from whence it has 
fallen; reckoning from the beginning of the descent. 
Hence he inferred, that if a body descend along an in- 
cliued plane, the velocities acquired at different times, will 
be in the same ratio : for since its velocity is all owing to 
its fall, and it only falls as much as there is perpendicular 
height in the inclined plane, the velocity should be still 
measured by that height, the same as if the descent were 
vertical. 

The same principle led him also to conclude, that if a 
body fall through several contiguous inclined planes, ma¬ 
king any angles with each other, much like a stick when 
broken, the velocity would still be regulated after the same 
manner, by the vertical heights of the different planes 
taken together, considering the last velocity as the same 
that the body would acquire by descending through the 
same perpendicular height. 

This conclusion, it seems, continued to be acquiesced in, 
till the year lf>72, when it was demonstrated to be false, 
by James Gregory, in a small piece of his, inti tied Tcnta- 
mina quondam Gcometrica dc Motu Pcnduli ct Projefeto- 
rum. This piece has been very little known, because it 
was only added to the end of an obscure and pseudony¬ 
mous piece of his, then published, to expose the errors and 
vanity of Mr. Sinclar, professor of natural philosophy at 
Glusgow. This little jeu d'esprit of Gregory iscntitled, “The 
great and new Art of Weighing Vanity : or a discovery of 
the Ignorance and Arrogance of the grfcat and new Artist, 
in his Pseudo-Pbilosophical writings: by M. Patrick Ma¬ 
thers, Arch-Bedal to the University of St. Andrews.” In 
the Tcntamina, Gregory shows what the real velocity is, 
which a body acquires by descending down two contiguous 


inclined planes, forming an obtuse angle, and that it is dif¬ 
ferent from the velocity a body acquires by descending 
perpendicularly through the same height; also that the 
velocity on quitting the first plane, is to that with which 
it enters the second, and in this latter direction, as radius 
to the cosine of the angle of inclination between the two 
planes. 

This conclusion, however, Gregory observes, does not 
apply to the motions of descent down any curve lines, be¬ 
cause the contiguous parts of curve lines do not form any 
angle between them, und consequently no part of the vc* 
locity is lost by passing from one part of the curve to the 
other; hence he infers, that the velocities acquired in de¬ 
scending down a continued curve line, are the same as by 
falling perpendicularly through the same height. This 
principle is then applied, by the author, to the motion of 
pendulums and projectiles. 

Varignon too, in the year 1(>93, followed in the same 
track, showing that the velocity lost in passing from one 
right lined direction to another, becomes indefinitely small 
in the course of a curve line; and that therefore the doc¬ 
trine of Galileo holds good for the descent of bodies down 
a curve line, viz, that the velocity at any point of the 
curve, is equal to that which would be acquired by falling 
through the same perpendicular altitude. 

The nature of every curve is abundantly determined by 
the ratio of the ordinates to thc«corrcsponding abscisses; 
and the essence of curves in general may be conceived as 
consisting in this ratio, which may be varied in a thousand 
different ways. But this same ratio will be also that of 
two simple velocities, by whose joint effect a body may 
describe the curve in question ; and consequently the es¬ 
sence of all curves, in general, is the same thing as the 
concourse or combination of all the forces which, taken 
two by two, may move the same body. Thus we have a 
most simple and general equation of all possible curves, 
and of all possible velocities. By means of this equation, 
as soon as the two simple velocities of u body are known, 
the curve resulting from them i> immediately determined. 

It may be observed, in particular, according to this 
equation, that an uniform velocity, combined with a velo¬ 
city that always varies as the square roots of the heights, 
will produce the particular curve of a parabola, inde¬ 
pendent of the angle made by the directions *of the two 
forces that give the velocities ; and consequently a can¬ 
non ball, projected either horizontally or obliquely to the 
horizon, must always describe a parabola, were it not for 
the resistance of the air. 

Circular Velocity. See Circulah. 

Initial Velocity, inGunnery, denotes the velocity with 
which military projectiles issue from the mouth of i\j$ 
piece by which they arc discharged. This, it is now known, 
is much more considerable than was formerly apprehended. 
For the method of estimating it, and the result of a va¬ 
riety of experiments, by Mr. Robins, and myself, &c, sec 
the articles Gun, Gunnery, Projectilb, Resist¬ 
ance, and my Tracts, vols. 2 and 3. 

Mr. Robins had hinted in his New Principles of Gun¬ 
nery, at another method of measuring the initial velocities 
of military projectiles, viz, from the arc of vibration of 
the gun itself, in the act of expulsion, when it is suspended 
by an axis like a pendulum. And Mr. Thompson, in his 
experiments (Philos.Trans, vol. 71, pa. 229), has pursued 
the same idea at considerable length, in a number of expe- 
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riincnts, from which he deduces a rule for computing the 
velocity, which is somewhat different from that o! Mr. Ro¬ 
bins, but which agrees very well with his own experiments. 

This rule however being drawn only from the experi¬ 
ments with a musket barrel, and with a small charge of 
pow der, and besides being different Iroin that in the theory 
as proposed by Robins; it was suspected that it would not 
obtain when applied to cannon, or other large pieces of 
ordnance, of different and various lengths, and to larger 
charges of powder. Tor this reason, a great number of 

Comparison of (he Velocities 


experiments, as related in my Tracts, were instituted with 
cannon of various lengths, and charged with many differ- 
cut quantiticS'of powder ; and the initial velocities of the 
shot were computed both Iroin the vibration ol a ballistic 
pendulum, and from the \ibration of the gun itself; but 
the consequence was, that these two hardly ever agreed to¬ 
gether, and in many cases they differed bv almost 4Co fret 
per second in the velocity. A brief abstract fora com¬ 
parison between these two methods, is contaiutd in the tul- 
lowing tablet, viz, 
by the Gun and Pendulum . 


Gun. 

No. 

1 Ounces. 

4 Ounces. 

. 8 Ounce*. 

11 » Oui.ces. 

Velocity by 1 

* • 

D.ff. 

Vclocii) by 

D.ff. 

Velocity by 

Diff. 

Velocity bv 

— • 



Gun. 

Pend. 

• 

Gun. 

Pend. 

IttSflDV 

Gun. 

Pend. 


(inn. 

Pend. 


1 

o 

3 

4 

830 

803 

.919 

959 

780 

83.5 

950 

.970 

50 

23 

- 1 
-41 

■ 

1100 

1 180 

1300 

1370 

2^9 


1430 

15 SO 
175)0 
1940 

15 

-59 

- 151) 
-27 1 

ESI 

1377 

16*56 

*998 

Clo6' 

— 32 

- 17 1 

-318 

-376 


In this table, the first column shows the number of the 
gun, as they were of different lengths; viz, the length of 
number 1 was 30} inches, number 2 was 40} inches, num¬ 
ber 3 was60 inches, ami number 4 was 83 inches, nearly. 
After the first column, the rest of the tabic is divided into 
four spaces, for the four charges, 2, 4, 8, \6 ounces of 
powder : and each of these is divided into three columns, 
in the first of the three is the velocity of the ball as deter¬ 
mined from the vibration of the gun ; in the second is the 
velocity as determined from the vibration of the pendu¬ 
lum ; and in the third is the difference between the two, 
being so many feet per second, which is marked with the 
negative sign, or —, when the former velocity is too little, 
otherwise it is positive. 

From the comparison contained in this tabic, it appears, 
in general, that the velocities, determined by the two dif¬ 
ferent methods, do not agree together ; and that therefore 
the method of determining the velocity of the ball from the 
recoil of the gun, is not generally true, though Mr. Ro¬ 
bins and Mr. Thompson had suspected it to be so : and con¬ 
sequently that the effect of the infiamed powder on the 
recoil of the gun, is not exactly the same when it is fired 
without a ball, as when it is fired with one. It also ap¬ 
pears, that this difference is no ways regular, neither in the 
different guns with the Same charge of powder, nor in the 
same gun with different charges : that with very small 
charges, the velocity by the gun is greater than that by 
the pendulum but-that the latter always gains upon the 
former, as the charge is increased, and soon becomes equal 
to it ; afterwards it proceeds to exceed it more and more: 
that the particular charge, at which the two velocities 
become equal, is different in the different guns ; and that 
this charge islcss, or the equality sooner takes place, a* the 
gtin is longer. And all this, whether wc use the actual 
velocity with which the ball strikes flic pendulum, or the 
same increased by the velocity lost by the resistance of the 
air, in its flight from the gun to the pendulum. 

Virtual Velocity. Sec Virtual Velocity . 

VENA Contract a, a term employed by Sir Isaac 
Newton to denote that section of a stream of fluid issuing 
from an orifice in the side or bottom of a vessel, at the 
distance of its diameter from the orifice* When a fluid 
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issues from a vessel, the velocity through the orifice docs 
not arise from a continual acceleration of descending par¬ 
ticles by the force of gravity, as in the case of a body 
falling freely, but it is communicated by the-whole pres¬ 
sure of the surrounding fluid ; in consequence of which, 
the water rushing towards the orifice in all directions 
causes a contraction in the stream ; and at a distance from 
the orifice equal to its diameter. Sir Isaac Newton mea¬ 
sured the diameter of the section of the stream (which 
section lie called by the above name), and found it to bo 
to the diameter of the orifice as 21 to 23 : hence, the area 
of the orifice: the area of the vena contractu (they being 
supposed to be similar) : : 25* : 2l 2 , which is very nearly 
as y/ 2 : 1 ; and as the velocity is inversely as the area of 
the section, the velocity at the vena contractu: the velo¬ 
city at the orifice : : : 1. Also from the quantity of 

water, running out in a given time, and the area of the 
vena contracta, Sir Isaac also determined that the velo¬ 
city at the vena contractu is that which a body acquires 
in falling down the altitude of the fluid above the orifice : 
hence the velocity at the orj^ptc (being less than that at 
the vena contracta in the raho of : 1) is that which 
a body would acquire in falling down half the altitude. 
See the art. Water, Motion of. 

VENTILATOR, a machine by which the noxious air 
of any^closc place, as an hospital, gaol, ship, chamber, 
&c, may be discharged and changed for fresh air.—'I’lie 
noxious qualities of bad air have been long known ; 
and Dr. Hales and others haVc taken great pains to 
point out the mischiefs arising from foul air, and to 
prevent or remedy them. That philosopher proposed an 
easy and effectual one, by the use of his ventilators ; the 
account of which was read before the Royal Society in May 
1741 ; and a farther account of it may be seen in his De¬ 
scription of Ventilators, printed at London in 8vo, 1743 ; 
and still farther in part 2, pa.32, printed in 1758; where 
the uses and applications of them are pointed out for ships, 
and prisons, &c. for what is said of the foul air of ships 
may be applied to that of gaols, mines, workhouses, hos¬ 
pitals, barracks, &c. In mines, ventilators may guard 
against the suffocations, and other tcYrible accidentsarising 
from damps. The air of gaols has often proved infectious ; 
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and wo had a fatal proof of this, by the accident that hap¬ 
pened some years since at the Old Bailey sessions. After 
that, ventilators were used in the prison* which were 
worked by a small windmill, placed on the top of New¬ 
gate; ami the prison became more healthy. 

I)r. Hales farther sunizests, that ventilators might be of 

use in making salt; lor which purpose there should be a 

stream ot water to work them; or they might be worked 

by a windmill, and the brine should be in long narrow 

canals, covered with boards of canvas, about a loot above 

the surface of the brine, to coniine the stream of air, so 

as to make it act on the surface of the brine, and carry off 

• r 

the uater in vapours. Thus it might be reduced to a dry 
salt, with a saving of fuel, in winter and summer, or in 
rainy weather, or any state of the air whatever. Venti¬ 
lators, he apprehends, might also serve for drying linen 
hur.g in low, long, narrow galleries, especially in damp or 
rainy weather, and also in drying woollen cloths, alter they 
are fulled or dyed ; and in this case, the ventilators might 
be woiked by the lulling water-mill. Ventilators might 
also be a useful appendage to malt and hop kilns; and the 
same author is farther of opinion, that a ventilation of 
warm dry air from the adjoining stove, with a cautious 
hand, might be of service to tr.ee:> and plants in green¬ 
houses ; where it is well known that air full of the rancid 
vapours which perspire from the plants, is very unfavour¬ 
able to them, as well as the vapours from human bodies 
are to men : for fresh air is as necessary to the healthy 
state of vegetables, as it is to that of animals.—Ventilators 
are also of excellent u^e for drying corn, hops, and malt. 
—Gunpowder may be thoroughly dried, by blowing air 
up through it by means of ventilators ; which is of great 
advantage to the strength of it. These ventilators, even 
the smaller ones, will also serve to purify most easily and 
effectually, the bad air of a ship's well, before a person is 
sent down into it, by blowing air through a trunk, reach¬ 
ing nearly to its bottom. And in a similar manner may 
stinking water, and ill-tasted milk, &c, be sweetened, viz, 
by passing a current of air through them, from bottom to 
top, which will carry the offensive particles along with it. 

For these and other uses to which they might be ap¬ 
plied, as well as for a particular account of the construc¬ 
tion and disposition of ventilators in ships, hospitals, pri¬ 
sons, &c, and the, benefits attending them, sec I lales's Trea¬ 
tise on Ventilators, part 2 passim ; and the Philos. Trans. 
vol.49, pa. 332. 

The method of drawing off air from ships by means of 
fire-pipes, which some have preferred to ventilators, was 
published by sir Robert Moray in the Philos. Trans, for 
1()()5. These arc metal pipes, about 2-J inches diameter, 
one of which reaches from the fire-place to the well of the 
ship, and other three branches go to other paits of the 
ship ; the stove hole and ash hole being closed up, the fire 
is supplied with air through these pipes. The defects of 
these, compared with ventilator*, urc particularly examined 
by Dr. Males, ubi supra, pa. 113. 

In the lutter part of the year 1741, M. Triewald, mili¬ 
tary architect to the king of Sweden, informed the secretary 
to the Royal Society, that he had in the preceding spring 
invented a machine for the use of ships of war, to draw 
out the foul air from under their decks, which exhausted 
36’172 cubic feet of air in an hour, or ut the rate of 21732 
tuns in 24 hours. In 1742 he sent one of these to France, 
which was approved of by the Academy of Sciences ut 


Paris, and the novy of France was ordered to be furnished 
with tlie like ventilators. 

Mr. Erasmus King proposed to have ventilators worked 
by the fire engines, in mints. And Mr. Fitzgerald half sug¬ 
gested an improved method of doing this, which he has also 
illustrated by figures, bee Philos.Trans, vol. 50, pa. 727. 

There are various ways of ventilation, or changing tho 
air ol rooms. Mr. Tidd contrived to admit fresh air into 
a room, by taking out the middle upper sash pane of glass, 
and fixing in its place a frame box, with a round hole in 
its middle, about 6 or 7 inches diameter; in which Stoles 
are fixed, behind each other, a set of stills of very thin 
broad copper-plates, which spread over and cover the cir¬ 
cular hole, so as to make the air which enters the room, 
and turning round these sails, to spread round in thin 
sheets sideways ; and so not Xo incommode persons, by 
blowing directly upon them, as it would do if it were not 
hindered by the sails. 

This method however is very unseemly and disagreeable . 
in good rooms: and therefore, instead of it, the late in¬ 
genious Mr. John Whitehurst substituted another; which 
was, to open a small square or rectanglnr hole in the party 
wall of the room, in the upper part near the cioling, at a 
corner or part distant from the fire ; and before it he 
placed a thin piece of metal or pasteboard, &c, attached 
to the wall in its lower part just -below the hole, but de¬ 
clining from it upwards, so as to give the air, that enters 
by the hole, a direction upwards against the cieling, along 
which it sweeps and disperses itself through the room, 
without blowing in a current against any person. This 
method is very useful to cure smoky chimneys, by thus 
admitting conveniently fresh air. A picture placed before 
the hole prevents the sight of it from disfiguring the room* 
This, and many other methods of ventilating, he meant to 
have published, and was occupied on, when death put an 
end to his useful labours. These have since been pub¬ 
lished, viz in 1794, 4to, by Dr. Willan. 

VENUS, in Astronomy, one of the inferior planets, but 
the brightest, and to appearance the largest, of all the 
planets ; and is designed by the mark $ , supposed to be 
a rude representation of n female figure, with her trailing 
robe. Venus is eusily distinguished from all the other 
planets, by her whiteness and brightness, in which she ex¬ 
ceeds all the rest, even Jupiter himself, and which is so 
considerable, that in a dusky place she causes an object 
to project a sensible shadow, and she is often visible in 
the day-time. Her place in the system is the second from 
the sun, viz, between Mercury and the earth, and in mag¬ 
nitude is about equnl to the earth, or rather a little larger 
according to Dr. Hcrschol’s observations. 

As Venus moves round the sun, in a circle beneath that 
of the earth, she is never seen in opposition to him, nor in¬ 
deed very far from him; but seems to move backward and 
forward, passing him from side to side, to the distance of 
about 47 or 48 degrees, both ways, which is her greatest 
elongation. When she appears west of the sun, which is 
from her inferior conjunction to her superior, she rises be¬ 
fore him, or is a morning star, and is called Phosphorus, 
or Lucifer, or the Morning Star; and when she is east¬ 
wards from the sun, which is from her superior conjunc¬ 
tion to her inferior, she sets after him, or is an evening 
star, rind is then called Hesperus* or Vesper, or the Even¬ 
ing Star: being each of those in its turn for 290 days. 

The. real diameter of Ven\is is nearly equal to that of 
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the earth, being about 79^0 miles; her apparent mean 
diameter seen from the sun, or her horizontal parallax, 
30' 7 ; but as seen from the earth 18"79 according to Dr. 
lierschel, or 16" 4 7 by M.Lalande; her distance Irom the 
sun 68 million ot miles; her eccentricity -r-^tlis °* the 
same, or 490,000 miles ; the inclination of her orbit to 
the plane ot the ecliptic 3° 23'; the points of their inter¬ 
section or nodes are 14° of u and the place of her 
aphelion zz 10°«18'; her axis inclined to her orbit 75° O'; 
her periodical course round the sun 224 days 17 hours ; 
the diurnal rotation about ber axis very uncertain, being 
according to Cassini only 23 hours, but according to the 
observations of Bianchini it is in 24 days 8 hours; though 
Dr. lierschel thinks it cannot be so much; and by M. 
Schroder 23h. 21min. See also Planets. 

Venus, when viewed through a telescope, is rarely seen 
to shine with a full face, but lias phases and changes just 
like those of the moon, being increasing, decreasing, 
horned, gibbous, &c : her illuminated part being con¬ 
stantly turned toward the sun, or directed toward the 
east when she is a morning star, and toward the west when 
an evening star. These different phases of Venus were 
first discovered by Galileo ; who thus fulfilled the pre¬ 
diction of Copernicus: for w hen this excellent astronomer 
revived the ancient Pythagorean system, asserting that the 
earth and planets move round the sun, it was objected that 
in such a case the phases of Venus should resemble those 
of the moon; to which Copernicus replied, that some time 
or other that resemblance would be found out. Galileo 
sent an account of the first discovery of these phases in a 
letter, written from Morencc in I6 % lf, to William de Me¬ 
dici, the duke of Tuscany's ambassador at Prague ; de¬ 
siring him to communicate it to Kepler. The letter is ex¬ 
tant in the preface to Kepler’s Dioptrics, and a translation 
of it in Smith’s Optics, pa. 416*. Having recited the ob¬ 
servations he bad made, lie adds, “ We have hence the 
most certain, sensible decision ahd demonstration of two 
grand questions, which to this day have been doubtful 
and disputed among the greatest masters of reason in the 
world. One is, that the planets in their own nature arc 
opakc bodies, attributing to Mercury what wo have seen 
in Venus: and the other is, that Venus necessarily moves 
round the sun; as also Mercury and the other planets; 
a thing well believed indeed by Pythagoras, Copernicus, 
Kepler, und myself, but never yet proved, as now it is, by 
ocular inspection on Venus.” 

Cassini and Catupani, in the years 1665 and 1666’, both 
discovered spots in the face ot Venus : from the appear¬ 
ances of which the former ascertained her motion about 
her axin ; concluding that this revolution was performed 
in less than a day ; or at least that the bright spot w'hich 
he observed, finished iu period either by revolution or 
libration in about 23 hours. And Lahirc, in 17.90, through 
a telescope of 16 feet, observed spots also in Venus; which 
lie found to be larger than those in the moon. 

'Fhe next observations of the same kind that occur, are 
those of signior Bianchini at Home, in 1726, 1/27, 1728, 
who, with Campani's glasses, discovered several dark spots 
in the disk of Venus, of which he gave an account and a 
representation in his book entitled Hesperi et Phosphori 
Nova Phenomena, published at Home in 172S. From 
several successive observations Bianchini concludes, that 
a rotation of Vcnii9 about her axis was not completed in 
23 hours, as Cassini imagined, but in 24} days; that the 


north pole of this rotation faced the 20th degree of Aqua¬ 
rius, and was elevated 15 above the plane of the ecliptic, 
and that the axis kept parallel to itse lf, during the planet'* 
revolution about the sun. Cassini the son, though he ad¬ 
mits the accuracy of Bianchini’s observations, disputes the 
conclusion drawn from them, and finally oUutvcs, that if 
wo suppose the period of the rotation ot Venus to be 23b. 
20min. it agrees equally well with the observations both 
of his father and Bianchini ; but if she revolve in 24d. bb. 
then his father’s observations must be rejected as of no 
consequence. 

In the Philos. Trans. 1792, are published the results o! 
a course of observations on the planet Venus, begun in the 
year 1780, by M. Schrocter, of LilientBtl, Bremen. From 
these observations, the author infers, that Venus tia^ an 
atmosphere in some respects similar to that of our eaitli, 
but for exceeding that of the moon in density, or power 
to weaken the rays of the sun : that the diurnal period of 
this planet probably much longer than that of other 
planets ; that the moon also has an atmosphere, though 
less dense and high than that of Venus: and that the 
mountains of this planet are 5 or 6 times as high as those 
on the earth. 

Dr. lierschel too, between the years 1777 and 17.93, 
has made a long scries of observations on ttiis planet, ac¬ 
counts of which are given in the Piiilo>. i rans. for 1793. 
The results of these observations are: that the planet re¬ 
volves about its axis, but the time of it is uncertain : 
that the position of its axis is also very uncertain : that 
the planet’s atmosphere is very considerable: that the 
planet has probably hills and inequalities on its surface, 
but be has not been able to see much of them, owing 
perhaps to the great density of its atmosphere: as to the 
mountains of Venus no eye, lie says, which is net consi¬ 
derably better than his, or assisted by much better insliu- 
ments, will ever get a sight of them: and that the appa¬ 
rent diameter of Venus, at the mean distance from the 
earth, is 18"*79# whence it may be inferred, that this 
planet is somewhat larger than the earth, instead of being 
less, as former astronomers have imagined. 

Sometimes Venus is seen in the disk of the sun, in form 
of a dark round spot. These appearances, called transits, 
happen but seldom, viz, when the earth is about' her 
nodes at the time of her inferior conjunction. One of 
the*c transits was seen in England in 1639 by Mr. Hor- 
rox and Mr. Crabtree ; and two in the hist century, 
viz, the one June 6, 1/61, and the other in June 1769. 
There will not happen another of them till tire year 1874. 
See Parallax. Except such transits as these, Venus 
exhibits the same appearances to us regularly every 8 
years; her conjunctions, elongations, and times of rising 
and setting, being very nearly the same, on the same days, 
as before. 

In 1672 ami 1686 , Cassini, with a telescope of 34 feet, 
thought he saw a satellite move round this planet, at the 
distance of about -J- of Venus’s diameter. It bad the 
same phases as Venus, but without any well-defined form ; 
and its diameter scarce exceeded } of the diameter of 
Venus* Dr. Gregory (Astron. lib. 6, prop. 3) thinks it 
more than probable that this was a satellite; and sup¬ 
poses that the reason why it is not more frequently seen, 
is the unfitness of its surface to reflect the rays of 
the sun’s light; as is the case of the spots in the 
moon ; for if the whole disk of the moon were composed 
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of such, he thinks she could not be seen so far as to 
Venus. 

Mr. Short, in 1740, with a reflecting telescope of l6i 
inches focus, perceived a small star near Venus: with 
another telescope of the same focus, magnifying 50 or 60 
times, and fitttd with a micrometer, he found its distance 
from Venus about 10’; and with a magnifying power of 
C IO, lie observed the star assume the same phases with 
Venus; its diameter seemed to be about or somewhat 
less, of the diameter of Venus; its light not so bright and 
vivid, * but exceeding sharp and well defined. Me viewed 
it for the space of an hour ; but never had the good for¬ 
tune to see. it after the lir^t morning. Philos.'Flans. 
No.45J), pa. 6*V6\ 

M. Montaign, of Limoges in France, preparing for ob¬ 
serving the transit of 1701, discovered in the preceding 
month of May a small star, about the distance «>t 20 ' 
from \ f eiius, the diameter of it being about $ of that o! 
the planet. Others have also thought they saw a like 
appearance. And indeed it must be acknowledged, that 
Venus may have a satellite, though it be difficult for us 
to see it. Its enlightened side can never be fully turned 
towards us, but when Venus is beyond the sun; in which 
ease Venus herself appears little larger than an ordinary 
star, and therefore her satellite may be too small to be 
perceived at such a distance. When she is between us 
and the sun, her moon bus its dark side turned towards 
us ; and when Venus is at her greatest elongation, there 
is but half the enlightened side of the moon turned toward 
ns, and even then it may be too far distant to be seen by 
us. Bur it was presumed, that the two transits of )?6l, 
and 1769, would afford opportunity for determining this 
point ; and yet we do not find, though many observers 
directed their attention to this object, that any satellite 
was then seen in the sun’s disk ; unless we except two 
persons, viz, an anonymous writer in the London Chroni¬ 
cle of May 18, who says that he saw the satellite of Ve¬ 
nus on the sun the day of the transit, at St. Neot's in 
Huntingdonshire; that it moved in a track parallel to 
that ol Venus, but nearer the ecliptic ; that Venus quitted 
the sun’s disk at 31 minutes after 8, and the satellite at 
6 minutes after 9; and M. Montaign at Limoges, whose 
account of his observations is in the Memoirs of the Aca¬ 
demy of Paris, whence the following certificate is ex¬ 
tracted:— Certificate. “We having examined, by 
order of the Academy, the remarks of M. Baudoum on 
a new observation of the satellite of Venus, ntade at Li¬ 
moges the 11th of May by M. Montaign. This fourth 
reservation, of great importance for the theory of the 
satellite, has shown that its revolution must be longer than 
appeared by the first three observations. M. Baudouin 
believes it may be fixed at 12 days; us to its distance, it 
appears to him to be 50 semidianietcrs of Venus ; whence 
lie infers that the mass of Venus is equal to that of the 
earth. This mass of Venus is a very essential element to 
astronomy, as it enters into many computations, and pro¬ 
duces different phenomena: &c. 

Signed L’Abb6 De La Caille, 

De La Lande.” 

VERBERATION, in Physics', a term used to express 
the cause of sound, which arises from a vqrberution of 
the air, when struck, in divers manners, by the several 
parts of the Sonorous body first put into ja vibratory mo¬ 
tion. 


VERNAL, something belonging to the spring season : 
as vernal signs, vernal equinox, &c. 

VKPNl Lit, is a scale, or a division, well adapted for 
the graduation of mathematical instruments, so called 
from its inventor Peter Vernier, a gentleman of Franc he 
Cornl6, who publisher! the discovery in a small tract, en¬ 
titled l*a Construction, FUsage, et les Proprietcz du 
Quadrant Nouveau de Mathcmatique &c, printed at 
Brussels in I<5.31. This was an improvement on the me¬ 
thod ot division proposed by Jacobus Curtins, printed by 
Tycho inCluvius’s Astrolabe, in 1593. Vernier’s method 
ol division, or dividing plate, has been very commonly, 
though erroneously, called by the name of Nonius; the 
method of Nonius being very different fiom that of Ver¬ 
nier, and much less convenient. 

When the relative unit of any line is so divided into 
many small equal parts, those parts may he too numerous 
to be introduced, or it introduced, they may he too close 
to 011 c another to be readily counted «>r estimated ; for* 
which reason there have been various methods contrived 
for estimating the aliquot parts of the small divisions, 
into which the relative unit of a line may be commodi- 
ously divided ; and among those methods, Vernier’s has 
been most justly preferred to all others. For a curious 
history of this, and other inventions of a similar nature, 
sec Robins’s Math. Tracts, vol. 2, pa. 265, &c. 

I bis improved method of subdividing scaler divisions, 
was first published by Peter Vernier, a person of dis¬ 
tinction in Frunclie Comte, in a very small tract, icn- 
t it led. The Construction, the Use, and the Properties of a 
New Mathematical Quadrant, &c\ In his dedication, 
having shown its preference to what has been done in the 
affair by Nunez and Clavius, he adds, Mine having all 
these advantages over the others, it is not without reason 
that I call it new and of my own invention. 

In the preface also he claims it as his own invention, 
and says, by it a quadrant of 3 inches is rendered capa¬ 
ble of determining minutes. In his book he shows how 
to apply it to instruments of different dimensions. His 
contrivance is a n\ov cable arch divided into equal parts, 
one less in number thnn the divisions of the portion of the 
limb corresponding to it. 

Vernier’s scale then, is a small moveable arch, or scale, 
sliding along the limb of a quadrant, or Any other gra¬ 
duated scale, and divided into equal parts, that arc one 
less in number, than the divisions of the portion of the 
limb corresponding to it. So, if we want to subdivide 
the graduations on nny scale into (forex.) 10 equal parts; 
we must make the vernier equal in length to 11 of those 
graduations of the scale, but dividing the same length of 
the vernier itself only into 10 equal parts; for then it is 
evident that each • division on the vernier will be Voth 
part longer than the gradations on the instrument, or that 
the division of the former is equal to ^ of the degree on 
the latter, as that gains 1 in 10 upon this. 

Thus let ab be a part of the upper end of a barometer 
tube, the quicksilver standing at the point c; from 28 to 
31 is a part of the scale of inches, viz, from 28 inches 
to 31 inches, divided into lOths of inches; and the 
middle piece, from 1 to 10, is the verifier, that slides up 
and down in a groove, and having 10 of its divisions 
equal to ll-10thsof the inches, for the purpose of sub¬ 
dividing cvety 10th of the inch into 10 parts, or, the 
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inches into centcsms or 100th parts. 

In practice, the method of counting 
is by obsemng. (u hen ibe vernier is 
set tvith its index at top. pointing ex¬ 
actly against the upper surface of 
the mercury in the lube) which di¬ 
vision of the vernier it is that ex¬ 
actly, or nearest, coincides with a 
division in the scale of lOths of 
inches, for that will show the num¬ 
ber of lOOtbs, over the lOths of 
inches next below the index at top. 
bo, in tho annexed figure, the top of 
the vernier is betwten *2 and 3 tenths 
ujmvc the 30 inches of the barome¬ 
ter; and because the 8th division of 
the vernier is seen to coincide with a 
dinsion of the scale, this shows that 
it is 8 centcsms more: so that the 
height of the quicksilver altogether, is 30*28,-that is, 30 
inches, ami 28 hundredths, or 2 tenths and 8 hundredths. 

If the scale were 'not inches and lOths, but degrees of 
a quadrant, &c, then the 8 would be T \ths of a degree, 
or 4S ; or if every division on the scale be 10 minutes, 
then the vernier will subdivide it into single minutes, 
and the 8 will then be 8 minutes. And so for any other 
cascf\ 

By altering the number of divisions, either in the de¬ 
grees or in the vernier, or in both, an angle can be ob¬ 
served to many different degrees of accuracy. Thus, if a 
degree on a quadrant be divided into 12 parts, each be¬ 
ing 5 minutes, and the length of the vernier be 21 such 
parts, or 1 J°, and divided into 20 parts, then 

— x 1 — |Q — l# -- |yy 
11 *10 *240 4 



is the smallest division the vernier will measure to; Or, 
if the length of the vernier be 2^°, al| d divided into 30 


parts, then 

i ^ J__ 

ii ao af*o 

is the smallest* part in this case 




: Also 



is the smallest part when the vernier extends 4}°. Sec 
Robertsons Navigation, book 5, pa. 27.9. 

But though the vernier was thus originally divided into 
one less than the correspondent length on the scale, yet a 
practice has gradually come into use, of dividing it into 
one part more than those of the scale ; so that it is ra>w 
more usual to practise this latter way, than the former. 

M. Delambre, in bin Abr6g6 d'Astronomie, 1813, 
pa. 48, says. The general formula is, to take n — 1 parts of 
the limb, and to divide them into n parts on the vernier, or 

the formula is then the vernier gives the — part 

n fi 

of tlic division of ihe limb. This, says he, I call the 
Direct Vernier , because the numeration on it proceeds in 
the same way as on the limb. ‘There is another, which 
I call the Retrograde, because the numeration on it reads 
the contrary way: tbis is rather less common; and its 

formula is ; but the principle is the same, as well as 

n 


the use. 


For the method of applying the vernier to a quadrant, 
see Hadley's Quadrant. And for the application of 
this instrument to a telescope, and the principles ol its 
construction, see Smith's Optics, book 3, sect. 8<>1. 

VFUSED Sine, of an arch, i* the part ol the diameter 
intercepted between the sine and the commencement of 
the arc; and it is equal to the difference between the ra¬ 
tlins and the cosine. Sec Versed Sis e. And for coversed 
sine, see Cove used Sine. 

V ERTEX of ‘an An^le, is the angular point, or the 
point where the legs or suits of the angle meet. 

Vertex of a Figure, is the uppermost point, or the 
vertex ol the angle opposite to the base. 

Vertex of a Curve , is the extremity of the axis or dia¬ 
meter, or it is the point where the diameter meets the 
curve; which is also the vertex of the diameter. 

Vertex of a Glass, in Optics, the same as its pole. 

Vertex is uUo used, in Astronomy, for the point of 
the hcawns vertically or perpendicularly over our heads, 
also called the zenith. 

Vertex, Path of the . See Path. 

VERTICAL, something relating to the vertex or high¬ 
est point. As, 

Vertical Point, in Astronomy, is the same with ver¬ 
tex, or zenith.— Hence a star is said to be vertical, when 
it happens to be in that point which is perpendicularly 
over any place. 

Vertical Circle, is a great circle of the sphere, pass¬ 
ing through the zenith and nadir of a place.— The vertical 
circles are also called azimuths. The meridian of any 
place is a vertical circle, viz, that particular one which 
passes through the north or south point of the horizon.— 
All the vertical circles intersect one another in the zenith 
and nadir. 

The use of the vertical circles is to estimate or measure 
the height of the stars &c, and their distances from the 
zenith, which is reckoned on these circles ;•*and to find 
their eastern and western amplitude, by observing how 
many degrees the vertical, in which the star lists or sets, 
is distant from the meridian. 

Prime Vertical, is thut verticlc circle, or azimuth, 
which passes through the poles of the meridian ; or which 
is perpendicular to the meridian, and passes through the 
equinoctial points. 

Prime Verticals, in Dialling. See Prime Verticals. 

Vertical of the Sun, is the vertical which passes 
through the centre of the sun at any moment of time.— 
Its use is, in dialling, to find the declination of the plane 
on which the dial is to be drawn, which is done by ob¬ 
serving how many degrees that vertical is distant from the 
meridian, after marking the point or line of the shadow on 
the plane at any times. 

Vertical Dial . See Vertical Dial. 

Vertical Line, in Dialling, is a line in any plane per¬ 
pendicular to the horizon.—This is best found and drawn 
on an erect and reclining plane, by steadily holding up a 
string and plummet, and then marking two points of the 
shadow of the thread on the plane, u good distance from 
each other ; and drawing a line through these marks. 

Vertical Line, in Conics, is a line drawn on the ver¬ 
tical plane, and through the vertex of the cone. 

Vertical Line, in Perspective. See Vertical Line. 

Vertical Plane , in Conics, is a plane passing through 
tlie vertex of a cone, and parallel lv> any conic section. 
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See Plane and 



Vertical Plane, in Perspective. 

Perspective. 

V e UTICAl Angle* , or Opposite Angles, in 
Geometry, arc such as have tlnir legs or 
sides continuations of each other, and 
which consequently have the same vertex 
ot angular point. So the angles a and b 
are vertical angles; as also the angles c and 
(I. \ ertical angles arc equal to each either. 

V ERI 1CI I \ , is that pioperty of the magnet or load¬ 
stone, or of a needle, iScc touched with it, by which it turns 
nr directs itself to some peculiar point, as to its pole.— 
r I he attraction ol the magnet was known long before its 
vert i city. 

\ PHI 1 , a comet, according to some writers rese mbling 
a spit, being nearly the same as the lonlhitcs, only its head 
is rounder, and its train longer and sharper pointed. 

A Lb PER, in Astronomy, called also Hesperus, and the 
Evening Star, is the planet Venus, when she is eastward of 
the sun, and consequently sets after him, and shines as an 
evening star. 

VESPERTINE, in Astronomy, is when a planet is de¬ 
scending to the west after sun-set, or shines as an evening 
star. . 4 

VESTA, one of the small planetary bodies revolving 
between the planets Mars and Jupiter. It was discovered 
by M.Olbers the 2 £)thof March, 1807, and is the nearest 
to Mars ol the 4 small planets. See my Recreations, 
vol. 3, pa. 144. 

V ESTIBULE, in Architecture, a kind of entrance into 
a large building; being an open place before the hall, or 
at the bottom of the staircase. ’ 

VIA LACTEA,in Astronomy, the milky way, or Galaxy. 
See Galaxy. 


Via Solis, or Sun's Way, is used among astronomers, 
for the ecliptic line, or path in which the sun seems always 
to move. 

\ I HR A I ION, in Mechanics, a regular reciprocal mo-* 
tion of a body, as, for example, a pendulum, which being 
freely suspended, vibrates or swings from side to side of 
the vertical line. Mechanical authors, instead of vibra¬ 
tion, often use the term oscillation, especially when speak¬ 
ing cf a body that thus swings by means of its own gra¬ 
vity or weight. 

] he vibrations of the same pendulum arc all isochro¬ 
nal ; that is, they are performed in an equal time, at least 
in the same latitude ; for in lower latitudes they are found 
to be slower than in higher ones. See Pendulum. In 
our latitude, a pendulum 3 % 9J inches long, vibrates se¬ 
conds, making GO vibrations in a minute. 

1 lie vibrations of u longer pendulum Lika up a longer 
time than those of a shorter one, and that in the subdu¬ 
plicate ratio of the lengths, or the ratio of the square foots 
of the lengths. Thus, if ouc pendulum be 40 inches in 
length, and another only 10 inches, the former will be 
double the time of the latter in muking a vibration ; for 
Y 40 : V'iO :: /4 : a/I, that is ns 2 to I. And because 
t »e number of vibrations, made in any given time, is reci¬ 
procally a* the duration of one vibration, therefore the 
number ol such vibrations is in the reciprocal subdupli- 

Cat it* ra \ tl0 'I' 6 pendulums. 

M. Muuton, n priest of Lyons, wrotea treatise, expressly 
to show, that by means of the number of vibrations uf a 
given pendulum, in a certain time, may bo established an 


universal measure throughout the whole world ; and may 
fix the several measures that are in use among us, in such 
a manner, as that they might be recovered again, if at any 
time they should chance to be. lost, as is the case of most 
of the ancient measures, which we now only know by con¬ 
jecture. 

The Vibrations qf a Stretched Chord, or Sirin*, arise 
from its elasticity ; which power being in this case similar 
to gravity, as acting uniformly, the vibrations of a chord 
follow the same laws as those of pendulums. Conse¬ 
quently the vibrations of the same chord equally stretch, 
ed, though they be of unequal lengths, are isochronal, or 
are performed in equal times; and thesquarcs of the limes 
of vibration are to one another inversely as their tensions, 
or powers by which they are stretched. 

The vibrations of a spring too are proportional to the 
powers by which it is bent. Those follow the same laws 
as those of the chord und pendulum; and consequently 
are isochronal ; which is the foundation of spring wutches. 

Vi brations arc also used in Physics, Uc, and forsove- 
rnl other regular alternate motions, Sensation, for in¬ 
stance, is supposed to be performed by means of the vi¬ 
bratory motion of the contents of the nerves, begun by 
external objects, and propagated to the brain. This doc¬ 
trine has been particularly illustrated by Dr. Hartley, who 
has extended it farther than any other writer, in establish¬ 
ing a new theory of our mentul operations. The same 
ingenious author also applies the doctrine of vibrations to 
the explanation of muscular motion, which he thinks is 
performed in the same general manner as sensation and the 
perception of ideas. See his Observations on Man, vol. 1. 

The several kinds and rays of light, Newton conceives 
to make vibrations of divers magnitudes; which, accord¬ 
ing to those magnitudes, excite sensations of several db- 
lours; much after the same manner as vibrations of nir, 
according to their several magnitudes, excite sensations of 
several sounds. Sec the article Colour. 

Heat,'according to the same author, is only an accident 
of light, occasioned by the rays putting a fine, subtile, 
ethereal medium, which pervades all bodies, into a vibra¬ 
tory motion, which gives us that sensation. Sec Heat. 
From the vibrations or pulses of the sumc medium, he 
accounts for the alternate fits of easy reflection and ready 
transmission of the rays.—In the Philosophical Transac¬ 
tions it is observed, that the butterfly, into which the silk¬ 
worm^ is transformed, makes 130 vibrations or motions of 
its wings, in one coition. 

VILTA (Francis j, a vefy celebrated French mathe¬ 
matician, was born in 1540 at Fontcnai, or Fontonai-le- 
CdBt6, in Lower Poitou, a province of France. Ho was 
master of requests at Paris, where he died in 1603, being 
the 63d year of his age. Among other brapp lies of learn¬ 
ing in which he excelled, he was one of the most respecta¬ 
ble mathematicians of the l6lh century, or indeed uf any 
age. His writings abound with marks of great originality, 
and the finest genius, ns well as intense application. In¬ 
deed such was the vigour of his perseverance, that he has 
sometimes remained in his study for three days together, 
without eating or sleeping. His inventions and improve¬ 
ments in nil parts of the mathematics were very consi¬ 
derable. Ho was in a manner the inventor and introducer 
of specious algebra, in which ictters are used instead of 
numbers, ns well as bf many beautiful theorems in that 
science full explanation of which may be found under 
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the article Algebra, and still more in my Tracis, voi.2. 
He made also considerable improvements in geometry and 
trigonometry. Uis angular sections arc a very ingenious 
and masterly performance : by these he was enabled to re¬ 
solve the problem of Adrian Homan, proposed to all ma¬ 
thematicians, amounting to an equation of the doth degree. 
Komanus was so struck with his sagacity, that he imme¬ 
diately quitted his residence of Wirl/.bourg in Franconia, 
and came to France to visit him, and solicit his friend¬ 
ship. Ilis Apollonius Callus, being a restoration of Apol¬ 
lonius's tract on Tangencies, and many other geometrical 
pieces to be found in his works, give proofs of the finest 
taste and genius for true geometrical speculations.—He 
gave some masterly tracts on trigonometry, both plane and 
spherical, which may he found in the collection of his 
works, published at Leyden in 1646, by Schootcn, besides 
another large and separate volume in folio, published in 
the author’s life-time at Paris in I >79, containing exten¬ 
sive trigonometrical tables, with the construction and use 
of the same, which are particularly described in the intro¬ 
duction to my .Logarithms, pa. 4 &c. To this complete 
treatise on trigonometry, plane and spherical, are subjoin¬ 
ed several miscellaneous problems and observations, such 
as, the quadrature of the circle, the duplication of the 
cube, &c. Computations are here given of the ratio of 
the diameter of a circle to the circumference, and of the 
length of the sine of 1 minute, both to a great many 
places of figures; by which he found that the sine of 1 

minute is between 29088S1959 
and 2908882056*; 

also the diameter of a circle being 1000 &c, that the peri¬ 
meter of the inscribed and circumscribed polygon of 
393216 sides, will be as follows, viz, the 

perimeter of the inscribed polygon 31415.926535 

perim. of the circumscribed polygon 31415926537 
and that therefore the circumference of the circle lies be¬ 
tween these two numbers. 

Viola having observed that there were many faults in 
the Gregorian Calendar, us it then existed, he composed a 
new form of it, to which he added perpetual canons, and 
an explication of it, with remarks and objections against 
Clavius, whom he accused of having deformed the true 
Lclian reformation, by not rightly understanding it. 

Besides those, it seems a work greatly esteemed, and the 
loss of which cannot be sufficiently deplored, was his Har- 
.monicon Ccelc>tc, which, being communicated to father 
Mersenne, whs, by some perfidious acquaintance of that 
honest*mindcd person, surreptitiously taken from him, 
and irrecoverably lost, or suppressed, to the great detri¬ 
ment of the literary world. There were also, it is said, 
other works of an astronomical kind, that have been bu¬ 
ried in the ruins of time. 

Victa was also a profound decipherer, an accomplish¬ 
ment that proved very useful to his country. As the dif¬ 
ferent parts of the Spanish monarchy lay very dislant from 
one another, when they had occasion to communicate 
any secret designs, they wrote them in ciphers and un¬ 
known characters, during the disorders of the league : the 
cipher was composed of more than 500 different charac¬ 
ters, which yielded their hidden contents to the penetrating 
genius of Viola alone. His skill so disconcerted the 
Spanish councils for two years, that they published it at 
Rome, and other parts of Europe, that the French king 
had only discovered their ciphers by means of magic. 


VINCULUM, in Algebra, a mark or character, either 
drawn over, or including, or some other way accompany¬ 
ing, a factor, divisor, dividend,&c, when it is compounded 
of several letters, quantities, or terms, to connect them 
together us one quantity, and show that they are to be 
multiplied, or divided, \c, together. 

Victa, 1 think, first Used tie* bar or line over the quan¬ 
tities, fora vinculum, thus a b\ and Albert Girard the 
parenthesis thus (a -f- b ) ; the former way being now 
chiefly used by the English, and the latter by most other 
Europeans. Thus a -+- b x c, or (« b) x c, denotes 
the product of c and the sum a b considered us one 
quantity. Also y/u b , or s /(a -f- />), denotes the 
square root id the sum a b. Sometimes the inaik : is 
set before a compound factor, as a vinculum, especially 
w hen it is very long, or an infinite series ; thus 3a * : 1 — 
2x -f- 3-r- — 4jt ; -+- 5x 5 &c. 

VIN DEMIATRIX, or \ in dem vatou, a fixed star of 
the third magnitude, in the northern w ing of the constel¬ 
lation Virgo. 

VIRGO, in Astronomy, one of the signs or constella¬ 
tions of the zodiac, which the sun enters about the 21st 
or 22d of August ; being one of the 48 old constellations, 
and is mentioned by the astronomers of all ages and na¬ 
tions, whose works have, reached us. Anciently the 
figure was that of a girl, almost naked, with an ear ot 
corn in her hand, evidently to denote the time of harvest 
among the people who invented this sign, whoever they 
were. But the Greeks much altered the figure, with 
clothes, wings, &c, and variously explained the origin ot 
it by their own fables : thus, they tell us that the virgin, 
now exalted into the skies, was, while on earth, that Jus- 
titia, the daughter of Astrams and Ancora, who lived in 
the golden ago, and taught mankind their duty ; but who, 
when their crimes increased, was obliged to leave the 
earth, and take her place in the heavens. Again, Hesiod 
gives the celestial maid another origin, and says she was 
the daughter of Jupiter and Themis. There are also 
others who depart from both these accounts, and make 
her to have been Erigone, the daughter of Icarius; while 
others make her Parthenc, the daughter of ApolR>, who 
placed her there; and others, from the ear of corn, make 
it a representation of Ceres ; and others, from the obscu¬ 
rity of her head, of Fortune. 

The ancients, as they gave each of the 12 months of 
the year to the care of some one of the 12 principal dei¬ 
ties, so they also threw into the protection of each of 
these one of the 12 signs of the zodiac. Hence Virgo, from 
the ear of corn in her hand, naturally fell to the lot of 
Ceres, and wc accordingly find it called Signum Cereris. 

The stars in the constellation Virgo, in Ptolemy's ca¬ 
talogue, arc 32; in Tycho’s 33; in ilcvclius’s 50; and 
in the Britannic 1 10 . 


VIRTUAL Focus , in Optics, is a point in the axis of a 
glass, where the continuation of a refracted ray meets it. 
Thus, let D be the centre, 
and dde the axis of the 
glass ab; upon which 
falls the ray fa. Now 
this ray will not proceed 
straight forward, as ah, after passing the glass, but will 
take the course as ak, being deflected from the perpendi¬ 
cular ad. If then the refracted ray ka be produced, by 
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af, to the axis at F., this point E Mr. Molincux calls 
the Virtual focus, or point of divergence. 

Virtual Velocity, of a point urged by any force, de¬ 
notes the element ol the space which it would describe in 
the direction of the power, when the system is supposed 
to have suflered an indefinitely small derangement. 

The principle of virtual velocities, in mechanics, is 
much used by the foreign mathematicians, and is thus 
enunciated : If any system whatever, of bodies or points, 
be urged on powers in cquilibrio, and there be given to 
tins system any small motion, by virtue of which every 
point describes an indefinitely small space; then the sum 
of the products of each power multiplied by the space, 
which the point where it is applied would describe, ac¬ 
cording to the direction of the same power, will be al¬ 
ways equal to zero or nothing; regarding as positive the 
small spaces described in the direction of the powers; and 
as negative, those described in the opposite sense.—This 
principle is due to Galileo. For its history and demon¬ 
stration, Lagrange, Mecanique, pa. 8. Sec also Four¬ 
nier’s demonstration in 5° Caheir du Journal de I’Lcolc 
l'olytechniquc, 

VIS, a Latin word, signifying force or power ; adopted 
by writers on physics, to express divers kinds of natural 
powers or faculties. 

The term vis is either active or passive : the vis activa 
is the power of producing motion ; the vis pnssiva is that 
of receiving or losing it. The vis activa is again subdi¬ 
vided into vis viva and vis mortua. 

Vis Absolutu, or Absolute Force, is that kind of centri¬ 
petal force which is measured by the motion that would 
be generated by it in u given body, at a given distance, 
and depends on the efficacy of the cause producing it. * 

Vis Acceleratrix , or Accelerating Force, is that ccntri- 
petul force which produces an accelerated motion, and is 
proportional to the velocity which it generates in a given 
time ; or it is as the motive or absolute force directly, and 
as the quantity of matter moved inversely. 

Vis Impressa is defined by Newton to be the action ex¬ 
ercised on any body to change its state, cither of rest or 
uniform motion in a right line.—This force consists alto¬ 
gether in the action; and lias no place in the body after 
the action is ceased: lor the body perseveres in every 
new state by the vis inertia; alone. Thi* vis impressa may 
arise from various causes; as from percussion, pression, 
and centripetal force. 

Vis Inertia. See Inertia. 

The vis inertia;, the same great author elsewhere ob¬ 
serves, is a passive principle, by which bodies persist in 
their motion or rest, and receive motion, in proportion to 
the force impressing it, and resist as much as they arc re¬ 
sisted. See Resistance. 

Vis Insita, or Innatp Force of matter, is a power of re¬ 
sisting, by which every body, as much ns in it lies, endea¬ 
vours to persevere in its present state, whether of rest or 
of motion uniformly forward in a right line. This force 
is always proportional to the quantity of matter in the 
body, and differs in nothing from the vis inertia-, but in 
our manner of conceiving it. 

Vis Centripcta. See Centripetal Force. 

X IS Matrix, or Moving Force of a centripetal body, is 
the tendency of the whole body towards the centre, re¬ 
sulting from the tendency of all the parts, and is propor¬ 
tional to the motion which it generates in a given time; 


so that the vis motrix is to the vis acceleratrix, as the mo¬ 
tion is to the celerity: and as the quantity of motion in a 
body is estimated by the product of the velocity into the 
quantity of matter, so the \ is motrix arises from the vis 
acceleratrix multiplied by the quantity of matter. The 
followers of Leibnitz use the term vis motrix for the force 
of a body in motion, in the same sense as the Newto¬ 
nians use the term vis inertia;; this latter they allow to 
be inherent in a body at rest; but the former, or vis mo¬ 
trix, a force inherent in the same body only while in mo¬ 
tion, which actually carries it from place to place, by 
acting upon it always with the same intensity in every 
physical part of the line which it describes. 

Vis Mortua, and Vis Viva, in Mechanics, are terms 
used by Leibnitz and bis followers for force, which they 
distinguish into two kinds, vis mortua, and vis viva; un¬ 
derstanding by the former any kind of pressure, or an en¬ 
deavour to move, not sufficient to produce actual motion, 
unless its action on a body he continued for some time ; 
afid by the latter, that for.ee or power of acting which re¬ 
sides in a body in motion. . , 

V1SIBLL, something that is an object of vision or sight, 
or the property of a thing seen.*—T he Cartesians say that 
light alone is the prop* r object of vision. But according 
to Newton, coloui alone is the proper object of sight; ' 
colour being that property of light by which the light it¬ 
self is visible, and by which the images of opake bodies 
are painted on the retina. 

As to the Situation and Place of Visible Objects :—Phi¬ 
losophers in general had formerly taken for grunted, that 
the place to which the eye refers any visible object, seen 
by reflection or refraction, is that in which the visual ray 
meets a perpendicular from the object upon the reflecting 
or the refracting plane. That this is the case with respect 
to plane mirrors is universally acknowledged'; and some 
experiments with mirrors of other forms seem to fuvour 
the same conclusion, and thus afford rtuson fox extending , 
the analogy to all cases of vision. If a right line be hold 
perpendicularly over a convex or concave mirror, its 
image seems to make one line with it. The same is the 
case with a perpendicular tight line held within water; 
for the part which is within the water appears to lie u con¬ 
tinuation of that which i9 without. But Dr. Barrow 
called in question this method of judging of the place of 
an object, and so opened u new field of inquiry and de¬ 
bate in this branch of science. This, with other optical, 
investigations, he published in his Optical Lectures, first 
printed in 1674. According to him, we refer every point 
of an object to the place from 'which the pencils of light 
issue, or from which they would have issued, if no re¬ 
flecting or refracting substance' intervened. Pursuing 
this principle, Dr. Barrow proceeded to investigate the 
place in which the ra>s issuing from each of the points 
of an object, and that reach the eye after one reflection 
or refraction, meet; und he found that when the refract¬ 
ing surface was plane, and the refraction was made from 
a denser medium into a rarer, those rays would always 
meet in a place between the eye and a perpendicular to 
the point of incidence. If a convex mirror be used, the 
case will be the -same; but if the mirror be plane, the 
rays will meet in the perpendicular, and bcyond .it if it be 
concave. The same author also determined, according 
to these principles, what form the image of a right line 
will take when it. is presented in different manners to a 
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spherical mirror, or when it is seen through a refracting 
medium. 

Dr. Bairow however notices an objection against the 
maxiin above-mentioned, concerning the supposed place 
of visible objects, and candidly owns that he was not able 
to give a satisfactory solution of it. The objection is this: 
Lei an object be placed beyond the focus of a convex 
lens, and if the eye be close to the lens, it will appear 
confused, but very near to its true place. If the eye be 
a little withdrawn, the confusion will increase, and the 
object will seem to come nearer; and when the eye is 
very near the focus, the confusion will be very great, and 
the object will appear to be close to the eye. But in 
this experiment the eye receives no rays but those that 
are converging; and the point from which they issue is 
so far from being nearer than the object, that it is beyond 
it; notwithstanding which, the object is conceived to be 
much closer than it is, though no very distinct idea can 
be formed of its precise distance.* 

The first person who took much notice of Dr. Barrows 
hypothesis, and the difficulty attending it, was Dr. Berke¬ 
ley, who (in his Essay on a New Theory of Vision, pa. 
30) observes, that the circle formed on the retina, by the 
rays which do not come to a focus, produce the same 
confusion in the eye, whether they cross one another be¬ 
fore they reach the retina, or tend to it afterwards; and 
therefore that the judgment concerning distance will be 
the same in both cases, without any regard to the place 
from which the rays originally issued; so that in this 
case, by receding from the lens, as the confusion in¬ 
creases, which always accompanies the nearness of an 
object, the mind will judge that the object comes nearer. 
See Apparent Distance. 

Rl. Bougucr (in his Traite d'Optiquc, pa. 104) adopts 
Barrow's general maxim, in supposing that we refer ob¬ 
jects to the place from which the pencils of rays seemingly 
converge at their entrance into the pupil. But when 
rays issue from below the surface of a vessel of water, or 
any other refracting medium, he finds that there arc al¬ 
ways two different places of this seeming convergence : 
one of them of the rays that issue from it in the same 
vertical circle, and therefore fall with different degrees 
of obliquity on the surface of the refracting medium ; and 
another, of those that fall upon the surface with the same 
degree of obliquity, entering the eye laterally with respect 
to one another. He says, sometime one of these images 
is attended to by the mind, and sometimes the other; and 
different images may be observed by different persons. 
And he adds, that an object plunged in water affords an 
example of this duplicity of images. 

G. W. Krafft has ably supported Barrow's opinion, that 
the place of any point seen by reflection from the surface 
of any medium, is that in which rays issuing from it, in¬ 
finitely near to one another, would meet; and considering 
the case of a distant object viewed in a concave mirror, 
by an eye very near if, when the image, according to 
Euclid and other writers, would be between the eye and 
the object, and Barrow's rule cannot be applied, he says 
that in this case the speculum may be considered as a 
plane, the effect being the same, only that the image is 
more obscure. Coip. Petrepol. vol. 12, pa. 252, 256. 
See Priestley's Hist, of Light 6cc, pa. 89, 688. 

From the principle above illustrated, several remarkable 
phenomena of vision may be accounted for: as—That if 
Vol. IL 


the distance between two \i>ib!e objects be an angle that 
is insensible, the distant bodies will appear as if conti¬ 
guous : whence, a continuous body being the result of se¬ 
veral contiguous ones, if the distances between sewral 
visibles subtend insensible angles, they will appear one 
continuous body ; which gives a pretty illustration of the 
notion of a continuum—Hence also parallel lines, and 
long vistas, consisting of parallel rows of lice*, scorn to 
Converge more and more the larther thr\ ate extended 
from the eye; and the roofs and floors ot lung extended 
alloys seem, the former to descend, and the latter to 
ascend, and approach each other; because the apparent 
magnitudes of their peipendicular intervals are perpe¬ 
tually diminishing, while at the same tune we mistake 
their distance. 

As to the different Distances of Visible Objects —The mind 
perceives the distance of visible objects, 1st, From the dif¬ 
ferent configurations of the eye, and the manner in which 
the rays strike the eye, and in which the image is im¬ 
pressed upon it. For the eye disposes itself differently, 
according to the different distances it is to see; viz, for 
remote objects the pupil is dilated, and the crystalline 
brought nearer the retina, and the whole eye is made 
more globous; on the contrary, for near objects, the 
pupil is contracted, the crystalline thrust forwards, and 
the eye lengthened. The mode of performing this, how¬ 
ever, has greatly divided the opinions of philosophers. 
See Priestley's Hist, of Light &c, pa. 63S—652, where 
the several opinions of Descartes, Kepler, Lahiro, Lcroi, 
Porterfield, Jurin, Musschenbroek, &c, are stated and ex¬ 
amined. 

Again, the distance of visible objects is judged of by 
the angle the object makes; from the distinct or confused 
representation of the objects; and from the briskness or 
feebleness, or the rarity or density of the rays. 

To this it is owing, 1st, That objects which appear ob¬ 
scure or confused, are judged to be more remote; a prin¬ 
ciple which the painters make use of to cause some of their 
figures to appear farther distant than others on the same 
plane. 2d, Hence also, rooms whose walls arc whitened, 
appear the smaller; that fields covered with snow, or white 
flowers, seem, less than when clothed with grass; that 
mountains covered with snow, in the night time, appear 
the nearer, and that opaque bodies appear the more remote 
in the twilight. 

The Magnitude of Visible Objects .—The quantity or mag¬ 
nitude of visible objects, is known chiefly by tlie angle 
contained between two rays drawn from the two extremes 
of the object to the centre of the eye. An object appears 
so large as is the angle it subtends; or bodies seen under 
a greater angle appear greater; and those under a less 
angle, less, &c. Hence the same object appears greuter 
or less as it is nearer the eye or farther off. And this is 
called the apparent magnitude. 

But to judge of the real magnitude of an object, wo 
must consider the distance; for since a near and a remote 
object may appear under equal angles, though the magni¬ 
tudes be different, the distance must necessarily be esti¬ 
mated, because the magnitude is great or small according 
as the distance is great or small. So that the real mag¬ 
nitude is in the compound ratio of the distance and the 
apparent magnitude; at least when the subtended angle, 
or apparent magnitude, is very small ; otherwise, the real 
magnitude will be in a ratio compounded of the distauct 
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Mul the sine of the apparent magnitude, nearly, or nearer 
still its tangent. 

- Hence, objects seen under the same angle, have their 
magnitudes in the same ratio as their distances. The chord 
o| an arc of a circle appears of equal magnitude from every 
point in the circumference, though one point be vastly 
nearer than another. Or if the eye be fixed in any point 
in the circumference, and a right line be moved round so 
as its extremes be always in the pi riphery, it will appear 
of the same magnitude in every position. And the reason 
is, because the angle it subtends is always of the same 
magnitude. And hence also, the eye being placed in any 
angle of a regular polygon, the sides of it will all appear 
of equal magnitude ; being all equal chords of a circle de¬ 
scribed about it. 

Jf the magnitude of an object directly opposite to the 
eye be equal l<> it> distance from the eye, the whole ob¬ 
ject will be distinctly seen, or taken in by the eye, but 
nothing more. And the nearer you approach an object, 
the ii>s part you see of it.—The least angle under which 
an ordinary object becomes visible, is about one minute 
of a degree. 

0/ the Figure of Visible Objects— This is estimated 
chiefly from our opinion of the situation of the se veral 
I»arts of the object. This opinion of . the situation, &c, 
enables the mind to apprehend an external object under 
this or that figure, more justly than any similitude of the 
images in the retina with the object can ; the images 
being often elliptical, oblong, &c, when the objects they 
exhibit to the mind, are circles, or squares, &c. 

The laws of vision with regard to the figures of visible 
objects are, 1. That if the centre of the eye be exactly in 
the direction of u right line, the line will'appcar only os 
a point. 2. If the eye be placed in the direction of a sur¬ 
face, it will uppear only as a line. 3. If a body be op¬ 
posed directly towards the eye, so as only one plane of 
the surface can radiate on it, the body will appe ar as a 
surface. 4. A remote urch, viewed by an eye in the same 
plane with it, will appear as a right line. 5. A sphere, 
viewed at a distance, appears a circle. 6. Angular figures, 
at a distance, appear round. 7- If the eye look obliquely 
on the centre of a regular figure, ora circle, the true figure 
will not be seen; but the circle will appear oval, &c.° • 

Visible Horizon, Place, b,-c. See the substantives, 

VISION, is the act of seeing, or of perceiving external 
objects by the organ of sight When an object Is so dis¬ 
posed, that the rays of light, coming from all parts of ft, 
enter the pupil of the eye, and present its image on the 
retina, that object is then seen. This is proved by ex¬ 
periment ; for if the eye of any animal be taken out, and 
the skin and fat be curefully stript off from the buck part 
of it, till only the thin membrane, which is called the re¬ 
tina, remains to terminate it behind, and any object be 
placed before the front of the eye, the picture of that ob¬ 
ject will be seen figured as with a pencil on that mem- 

k ne i. T her< ? arc of experiments which prove 

that this is the mechanical effect of vision, or seeing, but 
none of them appear so conveniently ns this, which is 
made with the very eye itself of an animal; an eye of an 
ox newly killed shows this happily, and with very little 
trouble. It will indeed appear singular in this, that the 
object is inverted, iti.the picture thus drawn of it, in the 

eye; and the case is the same in the eye of a living 
person. * b 
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Various other opinions however have been held- con¬ 
cerning the means of vision among philosophers. 

The Platonists and Stoics held vision to be effected by 
the emission ot rays out of the eyes ; conceiving that there 
was a kind of light thus darted out; which, with the light 
of the external air, taking hold as it were of the objects, 
rendered them visible; and thus returning back again to 
the eye, altered and new modified by the contact of the 
object, made an impression on the pupil, which gave the 
sensation ol the object. 

Our illustrious countryman, Roger Bacon, also assent* 
to the opinion (hat visual rays proceed from the eye ; 
giving this reason lor it, that every thing in nature is qua¬ 
lified to discharge its proper functions by its own powers, 
in the same manner as the sun, and other celestial bodies. 
Opus Majus, pa. 289. 

The Epicureans held, that vision is performed by the 
emanation of corporeal sjiecics or images from objects; or 
a kind of atomical effluvia continually flying off from the 
intimate parts of objects, to the eye. 

T*>e Peripatetics hold, with Epicurus, that vision is pro¬ 
duced by the reception of species; but they differ from 
him in the circumstances; for they will have the specie* 
(which they call inlentionales) to be incorporeal. It is 
true, Aristotle s doctrine of vision, delivered in his chapter 
Dc Aspectu, amounts to no more than this, that objects 
must have some intermediate body, that by this they may 
move the organ of sight. To which he adds, in another 
place, (hat when we perceive bodies, it is'their species, 
not their matter, that we receive; as a seal makes an im¬ 
pression on wax, without the wax receiving any thing*of 
the seal. ' » 

But this vague and obscure account the Peripatetics 
have thought proper to improve. Accordingly, what their 
master calls species, the disciple?, understanding of real 
proper species, assert,* that every visible object expresses 
a perfect image of itself in the air contiguous to it; and 
this image another, somewhat less, in thq next air ; and the 
third another; and so on till the last image arrives at the 
crystalline, which they arc of opinion is the chief organfof 
sight, or thar which immediately moves the soul. These 
images they call intentional species. 

The modern philosophers however, as the Cartesians and 
Newtonians, give a better account of vision. They all 
agree, that it is performed by rays of light reflected from 
the several points of objects received in at the pupil, re¬ 
fracted and collected in their passage, through the coats 
and humours to the retina; and this striking, or making 
an impression, on so many points of it; which impression 
is conveyed, by the correspondent capillaments of the 
optic nerve, to the brain, &c. 

Baptism Porta’s experiments with the camera obscura, 
about the.middle of the lfith century, convinced him that 
vision is performed by the intermission of something into 
the eye, and not by visual rays proceeding from th$ eye, 
as had been the general opinion before his time; and he 
was the first who fully satisfied himself and others on this 
subject; though several philosophers still adhered to the 
old opinion. , 

* A* for the Peripatetic series or chain of images, it is a 
mere chimera; and Aristotle's mcalling is better under¬ 
stood without than with them. In fact, Netting these 
aside, the Aristotelian, Cartesian, and Newtonian doc¬ 
trines of vision; are very consistent with one another; for 
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Newton imagines that vision is performed chiefly by the 
vibrations of a fine medium (which penetrates all bodies) 
excited in the bottom of the eye by the rays of light, and 
propagated through the capillaments of the optic nerve, 
to the sensorium. And Descartes maintains, that the 
sun pressing the materia subtilis, with which the whole 
universe is every where tilled, the vibrations and pulses of 
that matter reflected from objects, are communicated to 
the eye, and thence to the sensory : so that the action or 
vibration of a medium is equally supposed in all. 

It is generally concluded then, that the images of ob¬ 
jects are represented on the retina ; which is only an ex¬ 
pansion of the tine capillaments of the optic nerve, and 
from whence the optic nerve is continued into the brain. 
Now any motion or vibration, impressed on one extremity 
of the nerve, will be propagated to the other: hence’the 
impulse of the several rays, sent from the several points 
of the object, will be propagated as they are on the retina 
(that is, in their proper colours, &c, or in particular vi¬ 
brations, or modes of pressure, corresponding to them) to 
the place where those capillaments arc. interwoven into 
the substance of the brain. And thus is vision brought 
to the common case of sensation. 

Experience teaches us that the eye is capable of view-, 
ing objects at a certain distance, without any mental ex¬ 
ertion. Beyond this distance, no mental exertion can be 
of any avail: but, within it, the eye possesses a power of 
adapting itself to the various occasions that occur, the 
exercise of which depends on the volition of the mind. 
Mow this is effected, is a problem that has very much 
engaged the attention of optical writers; but it is doubt¬ 
ed whether it has yet been satisfactorily explained. The 
first theory for the solution of this problem is that of 
Kepler. - He’supposes that the ciliary processes contract 
the diameter of the eye, and lengthen its axis by a mus¬ 
cular power. But Dr. Thomas Young (in some ingenious 
Observations on Vision in the Philos. Trans. 1793) ob¬ 
serves, that these processes neither appear to contain any 
muscular fibres, nor have any attachment by which they 
can be capable of performing this action. 

Descartes useribed this contraction and elongation to. 
a muscularity of the crystalline, of which he supposed 
the ciliary processes to be the tendons: hut he neither de¬ 
monstrated this muscularity, nor sufficiently considered 
the connexion with the ciliary processes. 

De Lahire allows of no change in the eye, except the 
contraction and dilatation of the pupil: this opinion he 
founds on an experiment which Dr. Smith has shown to 
be fallacious. Haller adopted his hypothesis, notwith¬ 
standing its inconsistency with the principles of optics 
and constant experience. 

Dr. Pemberton supposes that the crystalline contains 
muscular fibres, by which one of its surfaces is flattened, 
while the other is made convex : hut he has not demon¬ 
strated the existence of these fibres; and Dr. Jurin has 
proved that such a change os this is inadequate to the 
effect. 

Dr. Porterfield conceives that the ciliary processes 
draw the crystalline forward, and make the cornea more 
convex. But the ciliary processes incapable of this 
action; and it appears from Dr. Juno's calculations, that 
a sufficient motion of this kind requires a very visible in¬ 
crease in the length of th£ axis of the eye; an increase 
which has never yet been observed. 

Dr. Jurin maintains that the uvea, at iu attachment to 


the cornea, is muscular ; and that the contraction ot this 
ring makes the cornea more convex. But this hypothesis 
is not sufficiently confirmed by observation. 

Musschenbroek conjecture* that the relaxation of this 
ciliary zone, which is nothing but the capsule ot the 
vitreous humour where it receives the impression of the 
ciliary processes, permits the coats of the eye to push for¬ 
ward the crystalline and cornea. Such a voluntury re¬ 
laxation however, Dr. Young observes, is wholly without 
example in the animal economy : besides, if it actually 
occurred, the coats of the eye could not act as he con¬ 
ceives; nor could they act in this manner without being 
observed. He adds, that the contraction of the ciliary 
zone is equally inadequate and unnecessary. 

Dr. Young, having examined these theories, and some 
others of less moment, proceeds to investigate a more 
probable solution of this optical difficulty.—Adverting to 
the observation of Dr. Porterfield, that those who have 
been couched have not the power of accommodating the 
eye to different distances; and to the reflections of other 
writers on this subject; he was led to conclude that the 
rays of light, emitted by objects at a small distance, 
could only be brought to foci on the retina by a nearer 
approach of the crystalline to a spherical form; and he 
imagined that no other power was capable of producing 
this change, besides a musrulurity of part or of the 
whole of its capsule :—but, on closely examining, first 
with the naked eye and then with a magnifier, the crystal¬ 
line of an ox's eye turned out of its capsule, lie discovered 
a structure which seemed to remove the difficulties that 
have long embarrassed this branch of optics. 

“ The crystalline of the ox/' says he, u is composed 
of various similar coats, each of which consists of six 
muscles, intermixed with a gelatinous substance, and at¬ 
tached to six membranous tendons. Three of the ten¬ 
dons are anterior, and three posterior; their length is 
about two-thirds of the semidiameter of the coat; their 
arrangement is that of three equal and equidistant rays, 
meeting in the axis of the crystalline; one of the anterior 
is directed towards the outer angle of the eye, and one of 
the posterior towards the inner angle, so that the posterior 
are placed opposite to the middle of the interstices of the 
anterior, and planes passing through each of the six, and 
through the axis, would mark on cither surface six regu¬ 
lar equidistant rays. The muscular fibres arise from both 
sides of each tendon ; they diverge till they reach the 
greatest circumference of the coat; and, having passed 
it, they again converge, till they are attached respectively 
to the sides of the nearest tendons of the opposite surface. 
The anterior or posterior portion of the six, viewed to¬ 
gether, exhibits the appearance of three penniform-ru- 
diated muscles. Tile anterior tendons of aB the coats are 
situated in the same planes, and the posterior ones in the 
continuations of these planes beyond the axis. Such an 
arrangement of fibres can be accounted for on no other 
supposition than that of muscularity. This mass is in¬ 
closed in a stroug membranous capsule, to which it is 
loosely connected by minute vessels and nerves; and the 
connexion is more observable near its greatest circum¬ 
ference. Between the moss and its capsule is found a 
considerable quantity of an aqueous fluid, the liquid of 
the crystalline. 

“ When the will is exerted to view an object at a small 
distance, the influence of the mind is conveyed through 
tho lenticular ganglion, formed from branches of the third 
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anJ fifth pair of nerves by llic filaments perforating the 
sclerotica, to the orbiculus ciliaris, which may he consi- 
dei < il as an annular plexus of nerves and vessels; and 
thence by the ciliary processes to the muscle of the crys¬ 
talline, which, by the contraction of its fibres, becomes 
more convex, and collects the diverging rays to a focus on' 
the retina. 1 he disposition of fibres in each coat is ad¬ 
mirably adapted to produce this change; for, since the 
lea>t surface that call contain a given hulk is that of a 
sphere (Simpson's Fluxions, pa. 480) the contraction of 
any surface must bring its contents nearer to a spherical 
form. The liquid of the crystalline seems to serve as a 
synovia in facilitating the motion, and to admit a suffi¬ 
cient change of the muscular pair, with a smaller motion 
of the capsule." 

Dr. \oung proceeds to inquire whether these fibres 
can produce an alteration in the form of the lens sufii- 
ciently great to account for the known effects; and he 
finds, by calculation, that, supposing the crystalline to 
assume a spherical form, its diameter will be (il2 thou¬ 
sandths of an inch, and its focal distance in the eye *926. 
Then, disregarding the thickness of the cornea, we find 
(by Smith, art. 370) that such an eye wijl collect those 
rays on the retina, which di\crge from a point at the di¬ 
stance of 12 inches and 8 tenths. This is a greater change 
than is necessary for an ox’s eye; for if it be supposed 
capable of distinct vision at a distance somewhat less than 
12 inches, yet it is probably far short of being able to 
collect parallel rays. The human crystalline is suscepti¬ 
ble ol a much greater change of form. The ciliary zone 
may admit of as much extension as this diminution of the 
diameter of the crystalline will require; and its elasticity 
will assist the cellular texture of the vitreous humour, 
and perhaps the gelatinous part of the crystalline, in re¬ 
storing the indolent form.— Dr. Young apprehends that 
the sole office of the optic nerve is to convey sensation to 
the brain ; and that the retina docs not contribute to sup¬ 
ply the lens with nerves.—As the human crystalline re¬ 
sembles that of tlie ox, it may reasonably be presumed 
that the action of both organs depends on the same gene¬ 
ral principles. 

1 his theory of Dr. Young’s however is strongly op¬ 
posed by Dr. Hosack, (Philos.Trans. 1794,pno 2, pa. 1J)6). 
He contests • the existence of the muscles, which Dr. 
Young has described, for several reasons. First f from the 
transparency they must possess; otherwise there would 
be some irregularity in the refraction of those rays which 
pass through the several parts, differing both in shape and 
density. Another circumstance is the number of these 
muscles. Dr. Young describes 6 in each lamina ; and as 
Leuwenhoek makes 2000 lamina;* in all, therefore the 
number of muscles must amount to 12 thousand, the 
action of which, Dr. Hosack apprehends, must exceed 
comprehension. But the existence of these muscles is 
still more doubtful, if the accuracy of Dr. Hosack's ob¬ 
servations be admitted. With the assistance of the best 
glasses, and with the greatest attention, lie could not dis-* 
cover the structure of the crystalline described by Dr. 
\oung, but found it to be perfectly transparcht. He 
first observed the lens in its viscid state, and then exposed 
different lenses to. a moderate degree of heat, so that they 
became opaque and dry; and it was easy to separate the 
distinct layers 'described by Dr. Young. These were so 
numerous as not to admit of having, each of them six 
muscles. Another consideration, which seems to prove 


that these layers possess no distinct muscles, is that, in 
this opaque state, they are not visible, but consist of an 
almost infinite number of concentric fibres, not divided 
into particular bundles, but similar to os manv of the 
finest hairs of equal thickness, arranged in similar order. 

T his regular structure of layers, composed of concentric 
fibres, Dr. Hosack thinks is much better adapted to the 
transmission of the rays of light than the irregular struc¬ 
ture of muscles. Besides, it ought to be consideicd that 
the crystalline lens is not the most essential organ in 
viewing objects at different distances; and if this be the 
case, the power of the eye cannot be owing to any changes 
in this lens. It is a fact, says Dr. Hosack, that we can, 
in a great degree, do without it ; as is the case after 
couching or extraction, by which operation all its parts 
musl be destroyed. l)r. Porterfield, however, and Dr. 
Young, on his authority, maintain that patients, after the 
operation of couching, have not the power of accommo¬ 
dating the eye to different distances of objects. On the 
whole, Di. Hosack concludes that no such muscles, as 
Dr. Young has described, exist, and that he must huve 
been deceived by some other appearances that resembled 
muscles ; neither will he allow the effects ascribed to the 
ciliary processes in changing the shape or situation of the 
lens. * 

Dr. Hosack then proceeds to illustrate the structure 
and use of the external muscles of the eye; which arc 6 
in number, 4 called recti or straight, and 2 oblique, and 
by means of which he thinks the business is effected. 
The common purposes to which these muscles arc sub¬ 
servient are well known: but- besides these. Dr. Hosack 
suggests that it is not inconsistent with the general laws 
of nature, nor even with the animul economy to ima¬ 
gine that, from their combination, they sfioultf have a 
different action and an additional use. In describing 
the precise action of these muscles, he supposes an 
object to be seen distinctly, first at the distunce of 6 
feet ; in which case the picture of it fulls exactly on the 
retina. He then directs his attention to another object at 
the distance of 6 inches, ns nearly as possible in the 
same line. While he is viewing .this, he loses sight of 
the first object, though the rays proceeding from it still 
fall on the eye; and hence he infers that the eye must 
have undergone some change; so that the rajs meet 
cither before or behind the retina. But, as rays from a 
more distant object concur sooner than those from a 
nearer one, the picture of the more remote object must 
fall befire the retina, while the others form a distinct 
image upon it. But yet the eye continued in the same 
lace; and therefore the retina must, by some means, 
live been removed to a greater distance from the fore¬ 
part of the eye, so as to receive the picture of the nearer 
object. This object, he contends, could not be seen di¬ 
stinctly, unless the retina were removed to a greater di¬ 
stunce, or the refracting power of the media through 
which the ruys passed were augmented but as the lens 
is the chief refracting medium, if we admit that this has 
no power of changing itself, wearc under the necessity of 
adopting the fir$t of these two suppositions. 

The next object of inquiry is, how the external muscles 
arc capable of prodtlcing these changes. *The recti are 
strong, broad, and flat, and arise from the hack parfof 
the orbit of the eye; and, passing over the ball ns over a 
pulley, they are inserted by broad flat tendons at the an¬ 
terior pert of the eye. ' The oblique are inserted towards 
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the posterior part by similar tendons. When those dif¬ 
ferent muscles act jointly, the eye being in the horizontal 
position, and every muscle in action contracting itself, 
the tour n eti by their combination must compress the va¬ 
rious parts of the eye and lengthen its axis, while ihe 
oblique muscles serve to keep the eye in its proper direc¬ 
tion and situation. The convexity ot the cornea, by 
means ol its great elasticity, is also increased in pro- 
portion to the degree of pressure, ami thus the rays ot 
light passing through it are necessarily more c* nverged. 
The elongation of the eye serves aUu to lengthen the me¬ 
dia, in the aqueous, crystalline, and vitreous humours 
through which the rays pass, so thaftheir powers ol re¬ 
fraction arc proportionally increased. 1 his is the gene¬ 
ral elf ct of the contraction of the external muscles, ac¬ 
cording to Ur. Hosack’s statement of it: to which n may 
be added, that we possess the same power ot relaxing 
them in proportion to the greater distance of the object, 
till we arrive at the utmost extent of indolent vision. 
Dr. Hosack also illustrates this hypothesis by some ex- 
pertinents. 

The misrepresentations of vision often depend on the 
distance ol the obj- ct. Thus, if an opaque globe he placed 
at a moderate distance from the eye, the picture ot it bn 
the retina will be a circle properly diversified with light 
and shade, so that it will excite in the mind the sensa¬ 
tion of a sphere or globe; but, if the globe be placed at 
a gn at distance from the eve, the distance between those 
lights and shades, which form the picture of a globe, 
will be imperceptible, and the globe will appear no other¬ 
wise than as a circular plane. In a luminous globe, di¬ 
stance is not necessary in order to take off the represen¬ 
tation of prominent and flat; an iron bullet, heated 
very red hot, and held but a few yards distance from the 
eye, appears a plane, not a prominent body; it has not 
the look of a globe, but of a circular plane. It is ow ing 
to this misrepresentation of vision that we see the sun 
and moon flat by the naked eye, and the planets also, 
through telescopes, flut. It is in this light also that astro¬ 
nomers, when they speak of the sun, moon, and planets, 
as they appear to our view, cull them the disks of the 
sun, moon, and planets, which we see. 

The nearer a globe is to the eye, the smaller segment of 
it is visible, the farther off the greater, and at a due di¬ 
stance the half; and, on the same principle, the nearer the 
globe is to the eye, the greater is its apparent diameter, 
that is, under the greater angle it will appear ; the farther 
olf the globe is placed, the less its apparent diameter. 
This is a proposition of importance, for, on this principle, 
we know that the same globe, when it appears larger, is 
nearer to our eye, and, when smaller, is farther off from it. 
Therefore, as the globes of the sun and moon continue al¬ 
ways ol the same size, yet appear sonfeliincs larger and 
sometimes smaller to us, it is evident, that they are some¬ 
times nearer und sometimes farther off from the place 
whence we view them. Two globes, of different magni¬ 
tude, may be made to appear of exactly the same diame¬ 
ter, if they be placed at different distances, and those di¬ 
stances be exactly proportioned to their diameters. To 
this it is owing, that we see the sun and moon nearly of the 
same diameter ; they are, indeed, vastly different in real 
bulk but, as tlie moon is placed greatly nearer to our eyes, 
the apparent magnitude of that smaller globe is nearly the 

saoie with that of the greater. 

In this instance of the sun and moon (for there cannot 
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l»t* a more striking one) we see die misrepresentation of 
vision in I wo or three*several ways. The apparent dinme- 
ters of these globe* are so nearly equal, that, in their se¬ 
veral changes of place, they do, at times, appear to us ab¬ 
solutely equal, or mutually greater than eat li other. Ibis 
•is olten to be seen, but it is ;.t no lime so obvious, and so 
perfectly evinced, as in eclipses <»f the sun, which arc* total. 
In these we see the apparent magnitudes ol the two globes 
vary so much according to tlieii distances, that sometimes 
the moon is large enough exactly to cover the disk of the 
sun, sometimes it is larger, and a pait of it ever\ where 
extends beyond the di**k ot the sun ; and, on the contrary, 
sometimes it is smaller, and, though the eclipse be abso¬ 
lutely ci ntral, yet it is annular, or a part ol the sun’s disk 
is seen in the middle of the eclipsed part, enlightened, and 
surrounding the opaque body ol the moon in form o! a 
lucid ring. 

When an object, which is seen above, without other ob¬ 
jects of comparison, is of a known magnitude, we judge of 
its distance by its apparent magnitude; and custom 
teaches us to do this with tolerable accuracy. This is u 
practical use o! the misrepresentation of msioii. and, in 
the same manner, knowing that we see things which me 
near us, distinctly, and those w Inch are distant, confusedly, 
we judge of the distance of an object by the clearness, or 
contusion, in which we see it. NVe also judge yet more 
easily and truly of the distance of an object by comparing 
it to another seen at the same* time, the distance of winch 
is better known, ami yet more bv comparing it with seve¬ 
ral others, the distances of which are more or less known, 
or more or less easily judged of. These are the circum¬ 
stances which assist us, even by the misrepresentation of 
vision, to judge of. distance ; but, without one or more of 
these, the eye does not, in reality, enable us to judge con¬ 
cerning the distance ot objects. 

This misrepresentation, though it serves us on some oc¬ 
casions, yet is very limited in its effects. 1 hus, though it 
helps us greatly in distinguishing the distance ot objects 
that arc about us, both with respect to ourselves and 
them, and with respect to themselves with one another, 
yet it can do nothing with the very remote. We see that 
immense conca\c circle, in which we suppose the fixed 
stars to be placed, at all this vast remove from us, and no 
change of place that we could make to gy\ nearer to it, 
would be of any avail for determining the distance of the 
stars from one another. It wc look at three or four 
churches from u distance of as many miles, wc see them ^ 
stand in a certain position with regard to one another. 
If we advance a great deal nearer to them, wc see that po¬ 
sition differ, but, if wo move forward only borlO feet, 
the difference is not perceptible. 

Thus, during the last two centuries, numerous doubts 
and disputations bave^becn held among anatomists and 
philosophers, on the immediate mode and nicjyis of vision 
by the eye: some ascribing it to the instrumentality ot the 
retina spread over the bottom or posterior part of the eye ; 
and others to the opaque choroides, immediately behind 
the retina. By dissecting the eyes of animals, to discover 
the natute and uses of the several humours and coats of 
that organ, it appears thut the eye is justly considered as 
a natural achromatic instrument, or camera obscura, in 
which pictures of the external objects are exhibited as 
painted on the retina, by rays introduced through the 
aperture of the pupil. This wus beautifully demonstrated 
by the celebrated discovery of Schciner. By taking the 
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eye ot an ox, recently killed, and stripping the sclerotic 
Coat with the choroides from its posterior portion, care¬ 
fully preserving the retina as it lies upon the vitreous hu¬ 
mour ; then placing the eye in a suitable aperture in the 
window-shutter of a darkened chamber, with the cornea 
outwards, a transparent miniature painting of the external 
landscape, in all its variety of figures and colours, is exhi¬ 
bited on the retina: this experiment established the gene¬ 
ral idea that it is these pictures that we see, the sensations 
of which are conveyed to the sensoiiuin by the optic 
nerve, the expansion of its substance forming the retina. 

I his discovery however introduced a new difficulty: 
the objects exhibited on the retina were found to be com¬ 
pletely inverted, the upper side being undermost, and the 
right side changed to the left, and vice versa• Though this 
inversion might be the natural optical effect-of the struc¬ 
ture of the eye, how comes it that we do not usually see 
objects by our eyes inverted, but always in their natural 
position. I his circumstance led to numerous disquisi¬ 
tions, mechanical, optical, and metaphysical, to account 
for it In the Controversy relating to which arc found the 
names of Kepler, Descartes, Newton, Hooke, Lahirc, 
Berkeley, Porterfield, Smith, Reid, Michell, Priestley, 
Mariottc, Picard, Pacquet, and many others; most of 
these agreeing to the general idea of the retina being the 
chief cause of vision, but mostly endeavouring to account 
for the circumstance of the inversion of the images, while 
nevertheless the objects are seen in their due positions. At 
length it was accidentally discovered by Mariottc, that 
there is a particular pari in the bottom of the eye on which 
no image is painted, or on which the rays have no effect, 
viz, the part where the optic nerve is inserted. Now if the 
retina is only the extension or continuation of this part, 
Mariottc inferred that if this were the cause of vision, 
the insertion of the nerve ought to be at least as sensible 
to the rays of light, as the rest of the retina, which is only 
a diffusion of the former. M. considering farther that the 
choroides lined the whole of the bottom of the eye, ex¬ 
cepting the place of the insertion of the optic nerve, that 
is, the whole of the space exhibiting the painted images, 
he concluded that the choroides was the real seat and 
cause of vision, and not the retina. 

I his discovery and conclusion gave a new turn to the 
question, and the disquisitions of philosophers. Most of 
the before-mentioned persons entered into the dispute, 
some adopting the one opinion and some the other, but 
without coming to any settled and general decision. Dr! 
Porterfield agrees with the most part of optical writers, 
that the retina is the true seat of vision ; and that though 
it is expanded over the whole concave surface of the eye 
as far as the ligamentuin ciliare, yet it is not all equally 
sensible. While Mr. Walker, with several others, is of a 
contrary opinion : towards the close of his disquisition on 
vision this author adds, consistently with the theory just de¬ 
livered, “ I should conclude, that we have a decided proof 
that the posterior part of the retina is utterly insensible, 
»ince at the entrance of the nerve, where it exists in the 
greatest quantity, it can be demonstrated to be so; and 
that visioh is wanting at this spot precisely, becaifte where 
the nerve enters there is no choroides to reflect the mys to 
the sensible anterior portion/' Dr. Reid, also decidedly 
concludes, “We have reason to believe that the ray* of light 
make some impression on the retina ; but we arc not con¬ 
scious of thin impression ; nor have anatomists or philo¬ 
sophers been able to discover the nature and effects of it; 
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whether it produce a vibration in the nerve, or motion of 
some subtile fluid in the nerve, or something different from 
cither, to which we cannot give a name." See an account 
of the several arguments of the different writers, at the 
end of Dr. Priestley’s History of Optics. 

After the contrary ideas and disquisitions of all the 
opticians and physiologists about the preference due to the 
one or the other of the two coats, the retina and the cho- 
roidcs, we have just seen a small pamphlet, part of a pro¬ 
mised greater work, the production of a clergyman of the 
name of Horn, on “ The Scat of Vision,” in 8vo. 1813. 
In this little piece, after a neat and concise account of the 
different hypotheses and arguments of his predecessors in 
this line, the author relates some ingenious experiments 
accompanied with reflections on the subject, and Anally 
deduces a theory which appears more rational and satis¬ 
factory than any of the former. He discharges the retina 
and the choroides each from the sole and exclusive oflice 
that hnd been assigned to it by the former contending 
parties, and assigns to each its necessary, but subordinate 
office, in the faculty of vision, the principle and ultin^utc 
part being performed by the optic nerve, which conveys 
the sensation immediately to the sensorium in the brain. 

After some pertinent reflections this author adds, “ Per¬ 
suaded, therefore, that 1 had actually discovered the true 
origin of the retina, and that it had in consequence lost all 
claim to superior sensibility, and to the principle function 
in vision, 1 was induced, from a general survey of the or¬ 
gan, to conclude that the sole use of this transparent mem¬ 
brane, in the mechanism of vision, is to produce reflec¬ 
tion, in a manner similar to the polished surface of a me¬ 
tallic reflector, or perhaps it might, with more propriety, 
be compared to glass, the choroides behind answering the 
purpose of the metallic coating upon the convex surface 
of a mirror. 

“ In prosecutingthi* inquiry, several circumstances con¬ 
tributed to ditcct my attention to the optic nerve, as the 
grand organ of vision. In surveying the general structure 
of the eye, I was particularly struck with the magnitude 
of this nerve, and the singular manner of its termination 
in the concave surface of the globe. The optici do not, 
like every other pair of nerves, terminate in branches; 
they are the largest in the system, yet tho entire nervous 
substance perforata the globe perpendicularly, presenting 
in its concavity a well defined circular b<ue, fringed with 
the choroides, and covcred'with the retina. The base was 
not only rendered rcmurknbly distinct, by the following 
experiment; but at ihosame time 1 observed a beautiful 
effect produced by light,upon the nerve. Having procu¬ 
red the eye of an ox recently killed, after dividing it trans¬ 
versely, and* abstracting the vitreous humour from its pos¬ 
terior portion, leaving about 4 lines of the nerve attached, 

1 placed the segment of the globe in a suitable aperture 
made in a window-shutter, with the concuve surface in¬ 
wards. Thus situated, having darkened the chamber, the 
base of the nerve exhibited, in its little hemisphere, an ap¬ 
pearance beautifully distinct (did luminous, having a 
striking resemblance to the sun, as seen through one of 
those bi'owuisb fogs with which the atmosphere is some¬ 
times charged in the winter season. The light which pro¬ 
duced this phenomenon, must have pervaded the whole ex¬ 
tent of the nerve; for, being completely inclosed by the 
muscles and fat, it was impossible that any lateral light 
could have contributed to th^appearancei The same 
phenomenon may he seen, though with less effect, by 
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holding a similar portion of the globe between the eye and 
a lighted candle. 

“ The reader must have anticipated, and therefore will 
now readily comprehend the manner in which 1 conceive 
vision to be accomplished. Kays, from all pointsof such ob¬ 
jects as are opposed to the organ, pass through the pupil, 
and, after refraction in the different humours, delineate 
perfect, but inverted pictures, on the retina at the bottom 
of the eye ; these pictures are instantly reflected, in their 
various colours and shades, on the anterior portion o! the 
concavity ; another reflection from hence raises images of 
the external objects near the middle of the vitreous hu¬ 
mour, in their natural order and position; these images 
make due impressions on the opposite base of the nerve, 
which are transmitted by it to the brain : thus the sensa¬ 
tion is produced, and vision performed. 

44 Ever since Scheiner exhibited those beautiful pictures 
on the retina, philosophers have supposed the mind, some - 
how, affected by the impressions made on this membrane; 
but, mistaking the proper organ, they always found the 
optical phenomena, and the sensations of vision, at vari¬ 
ance, and laboured in vain to reconcile them. However, 
having demonstrated, that neither the retina, nor the cho- 
roides, is the immediate seat of vision ; and having re¬ 
stored the optic nerve to that dignified function in the 
theory which it naturally possesses in the organ, all the 
inferior instruments will be found harmoniously cooperat¬ 
ing with it, in producing the various phenomena of vision. 

M It is no longer a question, why the optic nerve has so 
very large a trunk bestowed on it; why the whole nervous 
substance enters the globe perpendicularly , and its circular 
base appears within, destitute of the choroides. If the 
medullary substance had not perforated thcglol>e,or if the 
cboroidc membrane had covered the base of the nerve; 
in either case, it is evident, there could have been no im¬ 
pression made by the images in the eye on the neivous 
substance; consequently, in such a disposition of things, 
there would hgve been no vision. 

4t However, notwithstanding this surprising coincidence 
of things, in favour of the base of the nerve, as the im¬ 
mediate instrument of vision, those conversant with the. 
subject may have foreseen what they deem an insuperable 
objection, which, os soon as it appears, they expi ct to find 
me drop, and the whole superstructure I have been raising 
conie to the ground. In short, it is nothing less than the 
well-known fact, demonstrated by the experiment of Ma- 
riotte, that the organ is totally insensible to the impression 
of light, at the very spot that 1 have fixed on as the proper 
scat of vision. 

44 This phenomenon, I confess, appeared for some time 
a formidable obstacle; still, 1 felt a certain confidence 
powerfully inciting me to perseverance. Ifclorc disposed 
to suspect some error in the conclusions drawn by philo¬ 
sophers from the experiment, than to doubt those princi¬ 
ples, in the structure of the organ, by which the visual 
image is not only rectified, and other difficult phenomena 
solved, but upon which I conceived a satisfactory theory 
of vision might be established; 1 proceeded, the more 
anxiously, to seek another solution of this optical diffi¬ 
culty, than that commonly received. 

“ This insensible spot in the organ of vision is indeed 
the hidden rock, on which the most.specious theories have 
been lost. Philosophers have been guilty pf a fatal over¬ 
sight—they have totally mistaken the real cause of this 
wonderful defect in vision ; and consequently have left the 


most beautiful, if not the most important department of 
physical science, enveloped in mystery, and surrounded 
with difficulties, which they confess to be inexplicable. 
The following optical facts will at once dispel the dark¬ 
ness which has so long hung over this region of philo¬ 
sophy. 

44 If we take a convex lens, and place it in the window 
shutter of a dark room, and the eye be successively di¬ 
rected towards it, three effects will be produced. \\ hen 
the eye is situated farther from the lens than the focus of 
parallel rays, a very distinct, but diminished landscape, 
with all the objects inverted, is seen in the lens. On the 
contrary, if the eye be posited within the focal distance, 
the objects appear in their natural position, enlarged, but 
very indistinct. Now, undoubtedly, the medium distance 
between these two situations, in which the appearance's of 
the objects are so very different, is the true focus of the 
lens, and the place where ihe images would be painted on 
a sheet ol paper interposed. . Hut when the eye is brought 
to occupy this point, no image whatever, in the lens, im¬ 
presses the organ ; a circular spot only is perceived, uni¬ 
formly tingeil with the prevailing colour of the landscape: 
for instance, if the gn uml be coveted with snow, the lens 
appears white; if the surrounding scenery consists of ver¬ 
dant fields, woods, &c, the colour exhibited by the lens is 
green ; or if the prospect ho upward to the sky, ihe lens in 
this case assumes an azure hue. 

44 Thus, the cause of that mysterious defect in the field 
of vision is detected ; the above fact affording a clear de¬ 
monstration of the effect produced oil the base of the optic 
nerve, by the famous experiment with the patch upon the 
wall. Let the wall in this experiment be blue, or green, 
or any colour whatever, the paper is constantly lost in the 
general hue of the ground upon which it is fixed. But if 
the loss of the object proceeded from a real insensibility 
of the nerve, or retina at this place, whatever the colour 
of the wall might be*, a very perceptible dark spot would, 
invariably, be substituted in its stead. So far is this, how¬ 
ever, from being the effect produced by the experiment, 
that, when the wall happens to be white, and even a black 
paper is fixed upon it,np obscurity can be discerned: the 
black patch is entirely lost, and an uniform whiteness takes 
possession of its place. 

44 After this induction of facts, confirmed by the laws 
of optics, the conclusion can no longer be doubtful, that 
the surprising defect in vision, discovered by Muriotte, is 
neither to be attributed to any insensibility in the retina, 
nor to the nerve itself, which is the true scat of vision : 
the phenomenon proceeds solely from the pupil. When the 
base of the nerve is brought, by distorting the organ, into 
a straight direction with the pupil and the object, the pen¬ 
cils of rays, proceeding from the pupil, huve their foci on 
the base ol the nerve ; and therctorc, agreeably to the phe¬ 
nomenon of the It ns ubove described, that portion ol the 
cornea and humours in the axis of the eye, equal to the 
diameter of the pupil, is tinged with the colour of the 
ground upon which the paper is fixed ; therefore, while 
the object, situated in a line with the pupil and base of the 
nerve, makes no impression upon this, still, the surround¬ 
ing objects have their forms distinctly painted upon and 
reflected from the retina. The images, thus formed in the 
vitreous humour, make the same impressions upon the base 
of the nerve, as in ordinary vision: and hence a faithful 
representation is made to the inind of the whole scone, ex¬ 
cept that portion in the centre corresponding to the di- 
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mmsions ot the pupil, &c." Sec Mr. Horn’s tract above 
referred to. 

Vision, in Optics. The laws of vision, brought under 
mathematical demonstrations, make the subject of optics, 
taken in the greatest latitude of that word : for, among 
mathematical writers, optics is generally taken, in a more 
restricted signification, for the doctrine of direct vision : 
catoptrics, for the doctrine of reflected vision ; and diop¬ 
trics, for that of refracted vision. 

Direct or Simple Vision, is that which is performed by 
means of direct rays ; that is, of rays passing directly, or 
in right lines, from the radiant point to the eye. Such is 
that explained in the preceding article. 

'Reflected Vision, is that which is performed by rays re¬ 
flected from speculums, or mirrors^ The laws of which, 
see under Reflection, and Mirror. 

Refracted Vision, is that which is performed by means 
ol rays refracted, or turned out of their way, by passing 
through mediums of different density; chiefly through 
glasses and lenses. The laws of this, see under the article 
Refraction. 

Arch of Vision. See Arcii. 

Distinct Vision, is that by which an object is seen 
distinctly. An object is said to be seen distinctly, when 
its outlines appear clear and well defined, and the several 
parts of it, if not too small, are plainly distinguishable, so 
that they can easily be compared one with another, in re¬ 
spect to their figure, size, and colour. 

In order to such distinct vision, it had commonly been 
thought that all the rays of a pencil, flowing from a phy¬ 
sical point of an object, must be exactly united in a phy¬ 
sical, or at least in a sensible point of the retina. But 
Dr. Jurin has made it appear from experiments, that such 
an exact union of rays is not always necessary to distinct 
vision. __ He shows that objects may be seen with sufficient 
distinctness, though the pencils of rays issuing from the 
points of them do not unite precisely in the same point on 
the retina; but that since, in this case, pencils from either 
point either meet before they reach the retina, or tend to 
meet beyond it, the light that conies from them must cover 
a circular spot on it, and will therefore paint the image 
larger than perfect vision would represent it. Whence it 
follows, that every object, placed either too near or too re¬ 
mote for perfect vision, will appear larger than it is by a 
.penumbra of light, caused by the circular spaces, which 
are illuminated by pencils of rays proceeding from the ex¬ 
tremities of the object. 

The smallest distance of perfect vision, or that in Which 
tin* rays of a single pencil are collected into a physical 
point on the retina in the generality of eyes, Dr. Jurin, 
from a number of observations, states at 5, 6 , or 7 inches. 
The greatest distaifcc of distinct and perfect vision he 
tound was more difficult to determine ; but by consider¬ 
ing the proportion of all the parts of the eye, and the re- 
fructivc power of each, with the interval that may be 
discerned between two stars, the distance of which is 
known, he fixes it, in some cases, at 14 feet 5 inches; 
though Dr. Porterfield had restricted it to 27 inches only, 
with respect to his own eye. 

For other observations on this subject, see Jurin's 
Essay on Distinct and Indistinct Vision, at the end of 
Smith s Optics; and Robins's Remarks on the same, in 
his Math. Tracts, vol. 2, pa. 278 &c. See also an inge¬ 
nious paper on Vision in the Philos. Trans. 1793. pa. 169 , 
by Dr. Thomas Young. 


Field n/V ision. See Field. 

VISUAL, relating to sight, or seeing. 

Visual Angle, is the angle under which an object is 
teen, or which it subtends. Sec Angle. 

Visual Line. See Line. 

Visual Point, in Perspective, is a point in the hori¬ 
zontal line, where all the ocular rays unite. T hus, a 
person standing in a long straight gallery, and looking 
forward ; the sides, floor, and deling seem to meet and 
touch one another in this point, or common centre. 

Visual Roys, arc lines of light, conceived to come 
from an object to the eye. 

VITELLIO, or Vitello, a Polish mathematician, 
of the 13th century, as he flourished about 1254. Wc 
have of his a large Treatise on Optics, the best edition of 
which is that of 1572. Vitello wus the first optical writer 
of any consequence among the modern Europeans. He 
collected all that was given by Euclid, Archimedes, 
Ptolemy, and Alhuzen; though his work is of but little 
use in the present day. 

VITREOUS Humour, or Vitrcus Humor, denotes the 
third or glassy humour of the'eye; thus called from its 
resemblance to nudted glass. It lies under the crystal¬ 
line ; by the impression of which, its fore part is rendered 
concave. It greatly exceeds in quantity both the aqueous 
und crystalline humours taken together,and consequently 
occupies much the greatest part of the cavity of the globe 
of the eye. Schciner says, that the refractive power of 
this humour is a medium between those of the aqueous, 
which does not differ much from water, and of the crystal¬ 
line, which is nearly the same with gluss.- Hawksbcc 
makes its refractive power the same with that of water; 
and, according to Robertson, its specific gravity agrees 
nearly with that of water. 

VITRUVIUS (Marcus Vitruvius Pollio), a ce¬ 
lebrated Roman architect, of whom however nothing par¬ 
ticular is known, but what is to be collected from his ten 
books De Arcliitcclura, still extant. In the preface to 
the sixth book he states, that he was carefully cducuted 
by his parents, and instructed in the whole circle of arts 
and sciences ; a circumstance which he speaks of with 
much gratitude, laying it down as certain, that no man 
can In- a complete architect, without some knowledge 
and skill in every one of them. And in the preface to 
the first book he informs us, that he was known to Julius 
Caesar; that he wus afterwards recommended by Octavia 
to her brother Augustus Cresar; and that he was so fa¬ 
voured and provided for by this emperor, us to be out of 
all fear of poverty as long-Rs he might live. 

It is supposed that Vitruvius was born either nl Rome 
or Verona; but it is not known which. His books of ar¬ 
chitecture are addressed to Augustus Caesar, and not 
only show consummate skill in that particular science, 
but also very uncommon genius and natural abilities. 
Cardan, in his 16th book Dc Subtilitatc, ranks Vitru¬ 
vius as one of the 12 persons, whom he supposes to ha\e 
excelled all men in the force of genius and invention; and 
would nut have scrupled to have given him the 'first place, 
if it could be imagined that he had delivered nothing but 
his own discoveries. Those 12 persons were, Euclid, 
Archimedes, Apollonius Pergajus, Aristotle, Archytas of 
Tarcntum, Vitruvius, Achindus, Mahomet Jbn Moses 
the inventor or improver of Algebra, Dun.sScotus, Richard 
Suissct surnamed the Calculator, Galen, and Hcbqr of 
Spain. 
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The architecture of Vitruvius has been often printed ; 
but the best edition is that of Amsterdam in 1649. Per- 
rault also, the noted French architect, gave ail excellent 
French translation of the same, with the addition of notes 
and figures; the first edition of which was published at 
Paris in )673, and the second, much improved, in 1684. 
—Mr. William Newton too, an ingenious architect, and 
late surveyor to the works at Greenwich Hospital, pub¬ 
lished in 17S0 &c,-curious commentaries on Vitruvius, 
illustrated with figures ; to which is added a description, 
with figures, of the Military Machines used by the An¬ 
cients. 

VIVIAN I (Vincentio), a celebrated Italian mathe¬ 
matician, was born at Florence in 1621 or l6‘22. He 
was the last disciple of the illustrious Galileo, and lived 
with him from the 17th to theSOih year of his age. Alter 
the death of his great master, he passed two or three years 
more in prosecuting geometrical studies without interrup¬ 
tion; and in this time it was that he formed the design of 
his Restoration of Aristeus. This ancient geometrician, 
who was contemporary with Euclid, had composed five 
books of problems De Locis Solicits, the bare propositions 
of which were collected by Pappus, but the books are 
entirely lost; which Viviani undertook to restore by the 
force of his genius. 

He discontinued this work, however, before it was 
finished, in order to apply himself to another of the same 
kind; and that was, to restore the 5th book of Apollo¬ 
nius's Conic Sections. While he was engaged in this, the 
famous Borelli found, in the library of the grand duke of 
Tuscany, an Arabic manuscript, with a Latin inscription, 
which imported, that it contained the 8 books of Apollo¬ 
nius's Conic Sections; of which the 8th however was not 
found to be there. He carried this manuscript to Rome, 
in order to translate it, with the assistance of a professor 
of the Oriental languages. Viviani, very unwilling to lose 
the fruits of his labours, procured a certificate that lie 
did not understand the Arabic language, and knew nothing 
of that manuscript: lie was so jealous on this head, that 
lie would not even suffer Borelli to send him an account of 
any thing relating to it. At length he finished his book, 
and published it, 1659, in folio, with this title, Dc Maxi- 
mis & Minimis Geometrica Divinatio in quintum Coni- 
corum Apollonii Pergan. It was found that he bad 
more than divined; as he seemed superior to Apollonius 
himself. 

After this, Viviani was obliged to interrupt his studies 
for the service of his prince, in an affair of great import¬ 
ance, which was, to prevent the inundations of the Tiber, 
in which Cassini and he were employed for some time, 
though nothing was entirely executed. 

In 1664 he bad the honour of a pension from Louis the 
14tb, a prince to whom he was not subject, nor could 
indeed be useful. In consequence he resolved to finish 
his Divination on Aristeus, with a view to dedicate it to 
that prince; but he was interrupted in this task again by 
public works, and s6me ncgociations which his royal 
master intrusted to him.—In 1666 he was honoured by 
the grand duke with the title of his first mathematician.— 
He resolved three problems, which had been proposed to 
all the mathematicians of Europe, and dedicated the 
work to the memory of Mr. Chapclain, under the title of 
Enodatio Problematum &c.—He proposed the problem 
of the quadrablc spherical surface, of which Leibnitz and 
J'Hospital gave solutions by the Calculus Differentialis. 
Vol.IL 


—In 1669, he was chosen to fill, in the Royal Academy 
of Sciences, a place among the 8 foreign associates. This 
new favour reanimated Ins zeal; and he published three 
books of his Divination on Aristeus, at Florence in 1701, 
which he dedicated to the king of France. It is a thin 
folio, entitled, De Locis Solicits secunda Divinatio Geo¬ 
metrica, &c. 'Ibis was a second edition enlarged; the 
first having been printed at Florence in 1673.—Viviani 
employed the fortune, which he had raised by the boun¬ 
ties of his prince, in building a magnificent house at Flo¬ 
rence; in which he placed a bust of Galileo, with several 
inscriptions in honour of that great man ; and died in 
1703, at 81 years of age. 

\ iviani had, says I ontciiellc, that innocence and sim¬ 
plicity oi manners which persons commonly preserve, who 
have less commerce with men than with books ; without 
that roughness, and a certain savage fierceness, which those 
often acquire who have only to deal with books, not with 
men. lie was affable, modest, a steady and faithful 
friend, and, what includes many virtues in tine, he was 
grateful in the highest degree for favours. 

ULLAGE, of a Cask, in Gauging, is so much as it 
wants of being lull. 

L LLOA (Don Antonio de), a learned Spaniard, 
was born in 1716, and died in 1795. His progress in 
science was so rapid, that at the age of 18 he was asso¬ 
ciated with George Juan and la Condaminc,at the instance 
of Louis the 15th of France, and under the patronage of 
the king of Spain, to proceed to South America, to make 
observations for ascertaining the figure of the earth. He 
continued in America till 1744, when returning, he was 
taken prisoner, and brought to England, where he was 
elected a r. n.s. He was afterwards made governor of 
Louisiana. An account of his voyage was published at 
Madrid in 1748, in 5 vols. 4to. 

ULTERIOR, in Geography, is applied to some part 
of a country or province, which, with regard to the rest 
of that country, is situate on the farther side of a river, 
or mountain, or other boundary, which difidcs the 
country into two parts. 

ULTIMATE Ratios. Sec Prime, &c. 

ULTRAMUNDANE, beyond the world, is that part 
of the universe supposed to be without or beyond the li¬ 
mits of our world or system. 

UMBILICUS, and Umbilical Point , in Geometry, 
the same with focus. 

UMBRA, a Shadow. Sec Light, Shadow, Penum¬ 
bra, &c. 

UNCIA, a term generally used for the 12th part of 
a thing ; in which sense it occurs in Latin writers, both 
for a weight, called by us an ounce, and a measure 
.called an inch. 

UNCI/E, in Algebra, first used by Vieta, are the num¬ 
bers prefixed lo the letters in the terms of any power of 
a binomial; now more usually, and generally, called co¬ 
efficients Thus, in the 4th power of a + b f viz, a 4 
•Ui*b 4 ab z -+■ b\ the unci«E arc 1, 4, 6, 4, 1. 

Briggs first showed how to find these unci®, one from 
another, in any power, independent of the foregoing 
powers. They are now usually found by what is culled 
Newton's binomial theorem, which is the same rule as 
Briggs's, but in another form. Sec Binomial. 

UN DECAGON, is a polygon of eleven sides. 

• If the side of a Tegular undccagon be 1, its area will be 
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9*3656399 — ^ x tang, of 73 -! 7 t degrees; and there¬ 
fore if this number be multiplied by the square of the side 
of any other regular undecagon, the product will be the 
area of that undecagon. See iny Mensuration, pa. 85, 
&c, 4th edit. 

UNDETERMINED, is sometimes used for Indetek- 

MIN ATE. 

UNDULATORV Motion 9 is applied to a motion in the 
air, by which its parts are agitated like the waves of the 
sea ; as is supposed to be the case when the string of a 
musical instrument is struck. This undulatory motion of 
the air is supposed the matter or cause of sound.—In- 

sonic authors choose'to call this 

a vibratory motion. 

UNEN EN Number, the same as odd number, or such 
as cannot be divided by « without leaving 1 remaining. 
The series of uneven numbers arc 1, 3, 5, 7,9, &c. See 
Number, and Odd Number. 

UNFORMED Stars, are such as were not contained 
in the constellations. But on the modern celestial "lobes, 
the constellations arc made to include those unformed 
stars. 

UNGULA, in Geometry, is a part cut off a cylinder, 
cone, &c, by a plane passing obliquely through the base, 
and part of the curve surface; so called from its resem¬ 
blance to the (ungula) hoof of a horse &c. For the 
contents &c of such ungulns, see my Mensuration, pa. 
lGl, &c, 4th edition. 

UNICORN, in Astronomy. See Mokoceros. 

UNIFORM or Equable Motion , is that by which a 
hotly passes always with the same celerity, or over equal 
spaces in equal times. See Motion. —In uniform mo¬ 
tions, the spaces described or passed over, arc in the com¬ 
pound ratio of the times and velocities; but the spaces 
are simply as the times, when the velocity is given ; and 
as the velocities, when the time is given. 

Uniform Matter, in Natural Philosophy, is that 
which is all of the same kind and texture. 

UNISON, in Music, is when two sounds are exactly 
alike, or the same note, or tone. What constitutes a 
unison, is the equality of the number of vibrations, made 
in the same time, by the two sonorous bodies.—-It is a 
noted phenomenon in music, that an intense sound being 
raised, cither with the voice or a sonorous body, another 
sonorous body near it, whose tone is either unison or 
octave to that tone, will sound its proper note, unison or 
octave, to the given note. The experiment is easily tried 
with the strings of two instruments ; or with n voice and 
harpsichord; or a bell, or even a drinking-glass. 

This phenomenon is thus accounted for: One string 
being struck, and the air put into a vibratory motion by 
it; every other string, within the reach of that motion, 
will receive some impression from it: but each string can 
only move with a determinate velocity of recourses or 
vibrations; and all unisons proceed from equal vibra¬ 
tions; and other concords from other proportions of vi¬ 
bration. The unison string then, keeping equal pace with 
the sounding string, as having the same measure of vibra¬ 
tions, must have its motion continued, and still improved, 
till at length its motion become sensible, and it give a 
distinct sound. Other concording strings have their mo¬ 
tions propagated in different degrees, according to the 
frequency of the coincidence of their vibrations with those 
of the sounded string: the octavo therefore most sensibly; 


then the 5th ; after which, the crossing of the motions 
prevents any sensible effect. 

This is illustrated, as Galileo first suggested, by the 
pendulum, which being set a-moving, the motion may 
be continued anti augmented, by making frequent, light, 
coincident impulses ; as blowing on it when the vibration 
is just finished: but if it be touched by any cross or op¬ 
posite motion, and that frequently, the motion will be 
interrupted, and cease altogether. So, of two unison 
strings, if the one be forcibly struck, it communicates 
motion, by means of the air, to the other; and both per¬ 
forming their vibrations together, the motion of that other 
will be improved and heightened by the frequent impulses 
received Irom the vibrations of the first, because given 
precisely when the other has finished its vibration, and is 
ready to return : but if the vibrations of the chords be 
unequal in duration, there will be a crossing of motions, 
more or less, according to the proportion of the inequa¬ 
lity; by which the motion of the untouched string will be 
so checked, as never to be sensible. And this we find to 
be the case in all consonances, except unison, octave, 
ami the fifth. 

UNIT, Unite, or Unity, in Arithmetic, the number 
one, or one single individual part of discrete quantity. 
See Number.—T he place of units, is the first place on 
the right hand in intfger numbers.—According to Euclid, 
unity is not a number, lor lie defines number to be a mul¬ 
titude of units. 

UNITY, the abstract or quality which constitutes or 
denominates a thing one. ^ 

UNIVERSE, n collective name, signifying the assem¬ 
blage of heaven and earth, with all things in them. The 
Ancients, and after them the Cartesians, imagine the uni¬ 
verse to be infinite; and the reason they give is, that it 
implies a contradiction to suppose it finite or bounded ; 
since it is impossible not to conceive spaed beyond any 
limits that can be assigned; which spucc, according to 
the Cartesians, is body, and consequently part of the uni¬ 
verse. 

UNLIKE Quantities, in Algebra, arc such os are ex¬ 
pressed by different letters, or by different powers of the 
same letter. Thus, o, and h, and a 9 , and ab are all un¬ 
like quantities. 

Unlike Signs, are the different signs -+- and — . 

UNLIMITED or Indeterminate Problem, is such a one 
as admits of many, or even of infinite answers. As, to 
divide a given triangle into two equal parts; or to de¬ 
scribe u circle through two given points. SceDiorwAN- 
tine and Indeterminate. 

VOID Space, in Physics. See Vacuum. 

VOLTAISM, or Galvanism, is a curious and import¬ 
ant branch of electricity, depending on metallic combina¬ 
tions first accidentally discovered by professor Galvanic 
of Bologna, about the year 1790. As we are indebted to 
that gentleman for the earliest insulated facts which paved 
the way to this science ; so it appears we arc indebted to 
professor Volta for their explanation, and application to 
purposes of real utility; and to sir Humphry Davy for 
the grand and simple law of nature by which they ope¬ 
rate in the production of effects. 

For a history of the dicovery and practice of this cu¬ 
rious branch of electricity, sec our articlo Galvanism. 

VOLUTE, in Architecture, a kind of spiral scroll, and 
used in the Ionic and Composite capitals; of which it 
makes the principal characteristic and ornament. 
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VORTEX, or Whirlwind, in Meteorology, a sudden, 
rapid, violejng motion of the air, in circular whirling di¬ 
rections. V * 

Vortex is also used for an eddy or whirlpool, or a body 
of water, in certain seas and rivers, which runs rapidly 
round, forming a sort of cavity in the middle. 

Vortex, in the Cartesian Philosophy, is a system or 
collection of particles of matter moving the same way, and 
about the same axis.—Such vortices are the grand ma¬ 
chines by which these philosophers attempt to solve most of 
the motions and other phenomena of the heavenly bodies. 
And accordingly, the doctrine of these vortices makes a 
great part of the Cartesian philosophy. 

The matter of the world they hold to have been di¬ 
vided at the beginning into innumerable small equal par¬ 
ticles, each endowed with an equal degree of motion, both 
about its own centre, and separately, so as to constitute a 
fluid. Several systems, or collections of this matter, they 
further state, have been endowed with a common motion 
about certain points, as common centres, placed at equal 
distances,, and that the matters, moving round these, 
composed so many vortices. 

Then, the primitive particles of the matter they sup¬ 
pose, by these intestine motions, to become, as it were, 
ground into spherical figures, and so to compose globules 
of divers magnitudes; which they call the matter of the 
second element: and the particles rubbed, or ground off 
them, to bring them to that form, they call the matter of 
the first element. And since there would be more of the 
first element than would suffice to fill all the vacuities 
between the globules of the second, they suppose the re¬ 
maining part to be driven towards the centre of the vortex, 
by the circular motion of the globules; and that being 
there amassed into a sphere, it would produce a body like 
the sun. 

This sun being thus formed, and moving about its own 
axis with tbc common matter of the vortex, would neces¬ 
sarily throw out some parts of its matter, through the 
vacuities of the globules of the second element constitut¬ 
ing the vortex; and this especially at such places as arc 
farthest from its poles; receiving, at the same time, in, 
by these poles, as much as it loses in its equatorial parts. 
And, by this means, it would be able to carry round with 
it those globules that arc nearest, with the greater velo¬ 
city ; and the remoter, with less. And by this means, 
those globules which are nearest the centre of the sun, 
must be smallest; because, were they greater, or equal, 
they would, by reason of their velocity, have a greater 
centrifugal force, and recede from the centre. If it 
should happen, that any of these sun-like bodies, in the 
centres of the several vortices, should be so incrustatcd, 
and weakened, as to be carried about in the vortex of the 
true sun; if it were of less solidity, or had less motion, 
than the globules towards the extremity of the solar 
vortex, it would descend towards the sun, till it met with 
globules of the same solidity, and susceptible of the same . 
degree of motion with itself; and thus, being fixed there, 
it would be for ever after carried about by the motion of 
the vortex, without either approaching any nearer to the 
sun, or receding from it; and so would become a planet. 

Supposing then all this; wc are next to imagine, that 
our system was at first divided into several vortices, in 
the centre of each of which was a lucid spherical body ; 
and that some of these, being gradually incrustated, were 
swallowed up by others which werp larger and more 


powerful, till at length they were all destroyed, and re¬ 
ceived by the Iargc>t solar vortex ; except some few which 
were thrown off in right lines from one vortex to another, 
and so became comets. 

But this doctrine of vortices is, at best, merely hypo¬ 
thetical. It does not pretend to show by what laws and 
means the celestial motions are effected, so much as 
by what means they possibly might, in case it should have 
so pleased the Creator. But wc have another principle 
which accounts for the same phenomena as will, and far 
Utter than that of vortices; and which wc plainly find 
has an actual existence in the nature of things : and this 
is gravity, or the weight of bodies. 

There i>, in the Philosophical Transactions, a Physico- 
mathematical demonstration of the impossibility and in¬ 
sufficiency of vortices to account for the Celestial Phe¬ 
nomena; by Mens, de Sigorne. See No. 457, sect. vi. 
pa. 409 et scq.— I bis author endeavours to show, that 
the mechanical generation of a vortex is impossible; and 
that it has only an axilugal force, and not a centrifugal 
and centripetal one ; that it is not sufficient for explain¬ 
ing gravity and its properties; that it destroys Kepler's 
astronomical laws; and therefore he concludes, with New¬ 
ton, that the hypothesis of vortices is fitter to disturb than 
explain the celestial motions. Wc must refer to the dis¬ 
sertation itself for the proof of these assertions. SeeCAR- 
tesian Philosophy. 

But these vortices having long since been excluded by 
all philosophers, as utterly inconsistent with the laws and 
phenomena of the universe, it is useless to dwell longer 
upon them. 

VOSSIUS (Gerard John), one of the most learned 
and laborious writers of the 17th century, was of a con¬ 
siderable family in the Netherlands; and was born in 
1577, in the Palatinate near Heidelberg, at a place where 
his father, John Vossius, was minister. lie first learned 
Latin, Greek, and Philosophy at Dort, where his father 
had settled, and died. In 1595 he went to Leyden, where 
he farther pursued these studies, in conjunction with ma¬ 
thematics, in which science he made a considerable pro¬ 
gress. He bccume master of arts and doctor in philoso¬ 
phy in 1598 ; und soon after, director of the college at 
Dort; then, in l6l4, director of the theplogical college 
just founded at Ixydcn ; and, in lfilS, professor of elo¬ 
quence and chronology in the academy there, the same 
year in which appeared his History of the Pelagian Con¬ 
troversy. This history procured him much odium and 
disgrace on the continent, but an ample reward in Eng¬ 
land, where archbishop Laud obtained leave of king 
Charles the 1st for Vossius to hold a prebendary in the 
church of Canterbury, while lie resided at Leyden: this 
was in 1629 , when he came over to be installed, took a 
doctor of laws degree at Oxford, and then returned.— 
In 1633 he was called to Amsterdam to fill the chair of 
a professor of history; where lie died in 1649 , at 72 years 
of age; after having written and published as many 
works as, when they came to be collected and printed at 
Amsterdam in 1695 &c, made 6 volumes folio, writings 
which will long continue to be read with pleasure and pro¬ 
fit. The principal of these arc,—1. Etymologicon Linguoe 
Latina*.—2. De Origine & Progrcssu Idololatria*.—3. Dc 
HLtoricis Grascis.—L De Hisjoricis Latinis.—5. Dc Arte 
Grammatica.—6. Dc Vitiis Sermonis & Glosscmatis La- 
tino-liarbaris.— 7. Institutiones Oratorio*.—S. Institu- 
tioncs Poetic®.—9- Ars Ilistonca.—10. DcquatuorAr- 
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libus popular)bus, Grammatice, Gymnastice, Musice, & 
Graphice.—11. De Philologia.—12. Dc Universa Ma- 
tbeseos Natura & Constitutione.—13. De Philosophia.— 
14. Dc Philosophorum Scctis.—15. Dc Vetcrurn Poeta- 
rum Temporibus. 

Vossius (Denis), son of the foregoing, died at 22 
years of age, a prodigy of learning, whose incessant studies 
brought on him so immature a death. There are of his, 
among other smaller pieces, Notes on Caesar’s Commen¬ 
taries, and on Maimonides on Idolatry. 

Vossius (Francis), brother of Denis and son of 
Gerard John, died in 1645, after having published a Latin 
poem in 1640, on a naval victory gained by the celebrated 
Van Tromp. 

Vossius (Gerard), brother of Denis ami Francis, 
and son of Gerard John, wrote Notes upon Paterculus, 
which were printed in lG'39. He was one of the most 
learned critics of the 17th century; but died in 1640, 
like his two brothers, at a very early age, and before their 
father. 

Vossius (Isaac), was the youngest son of Gerard 
John, and the only one that survived him. He was born 
at Leyden in 1618, and was a man of great talents and 
learning. His lather was his only preceptor, and his 
whole time was spent in study. His merit recommended 
him to a correspondence with queen Christina of Sweden, 
who employed him in some literary commissions. At 
her request, he made several journeys into Sweden, where 
he had the honour to teach her the Greek language; 
though she afterwards discarded him on hearing that he 
intended to write against Salmasius, for whom she had 
a particular regard. In 1663 he received a handsome 
present of money from Louis the 14th of France, accom¬ 
panied with a complimentary letter from the minister 
Colbert.—In 1670 he came over to England, when lie was 
created doctor of laws ut Oxford, and king Charles the 
2d made him canon of Windsor ; though he knew his 
character well enough to say, there was nothing that Vos¬ 
sius refused to believe, excepting the Bible, He appears 
indeed, by his publications, which are neither so numerous 
nor so useful as his father’s, to have been a most credu¬ 
lous man, while he afforded many circumstances to bring 
his religious faith in question. He died at his lodgings 
in Windsor Castle, in 1689; leaving behind him the best 
private library, as it was then supposed, in the world ; 
which, to the shame and reproach of England, was suf¬ 
fered to be purchased and carried away by the university 
of Leyden. His publications chiefly wore:—1. Periplus 
Scylacis Caryandensis, &c, 1639—2. Justin, with Notes, 
1640.—3. Ignatii Epistol.e, & Bnrnab* Epistola, 1646.— 
4. Pomponius Mela dc Situ Orbis, 1648.—5. Dissertatio 
de vera lEtatc Mundi, &c, 1659—6. Dc Septuaginta 
Intcrpretibus, &c, 1661.-7. De Luce, 1662 — 8. Dc 
Motu Mnriutn & Vcntorum.—9. De Nili & aliorum Flu- 
minum Origine.—10. De Poematum Cantu & Viribus 
Rythmi, 1 (>73.-11. De Sibyllinis aliisque, quae Christi 
natalem prmcessere, 1679—12. Catullus, & in cum 
Isaaci Vossii Observationcs, 1684—13. Variarum Ob- 
servationum liber, 1685, in which are contained the fol¬ 
lowing pieces: viz, De Antiquae Rom* & aliarum qua- 
rundam Urbium Magnitudine; De Artibus & Scjentiis 
Sinarum ; De Origine & Progressu Pulveris Bollici apud 
Europ*os; De Triremium & Liburnicarum Constiuc- 
tione; De Emcndatione Longitudinum; De patcfacienda 
per Scptentrionem ad Japonenscs & Indos Navigatione; 


De apparentibus in Luna circulis; Diurna Telluris ebu- 
versione omnia gravia ad medium tendcrc. 

VOUSSOIUS, vault-stones, are the stones which im¬ 
mediately form the arch of a bridge, &c, being cut some¬ 
what in the manner of a truncated pyramid or wedge, 
their under sides constituting the intrados, to which their 
joints or ends should be every where in a perpendicular 
direction. 

The length of the middle voussoir, or key-stone, and 
which is the least of all, should be about or -^th of 
the span of the arch ; from hence these stones should be 
made larger and larger, all the way down to the impost; 
that they may the better sustain the great weight which 
rests upon them, without being crushed or broken, and 
that they may also bind the firmer together. 

F° find the just length of the voussoirs, or the figure 
of the extrados, when that ot the intrados is given ; see 
the Principles of Bridges in my Tracts, or Emerson’s 
Construction of Arches, in his volume of Miscellanies. 

URANIBURGH, or celestial town, the name of a ce¬ 
lebrated observatory, in a castle in the little island 
Wccnen, in the Sound ; built by the celebrated Danish 
astronomer, Tycho Brah6, who furnished it with instru¬ 
ments for observing the course and motions of the heavenly 
bodies.—This observatory, which was finished about the 
year 1580, had not subsisted above 17 years when Tycho, 
who little thought to have erected an edifice of so short 
a duration, and who had even published the figure and 
position of the heavens, which he had chosen for the mo¬ 
ment to lay the first stone in, was obliged to abandon his 
country. Soon after this, the persons to whom the pro¬ 
perty of the island was given, demolished the building: 
part of the ruins was dispersed into divers places: the 
rest served to build 'I yclio a handsome scat upon his an¬ 
cient estate, which to this day bcurs the name of Urani- 
burgh ; and it was here that Tycho composed his cata¬ 
logue of the stars. Its latitude is 55° 54 ' north, and 
longitude 12° 47*east of Greenwich. 

M. Picart, making a voyage to Uraniburgh, found that 
Tycho’s meridian line, there drawn, deviated from the 
meridian of the world; which seems to confirm the con¬ 
jecture of some persons, that the position of the meridian 
line may vary. 

URANOL.ITE; the same as Aerolite. 

URANUS, a new primary planet, discovered by Dr. 
llerschcl at Bath, in the night of March 13, 178f. It is 
sometimes also called the Georgian Planet, and the New 
Planet, from its having been newly or lately discovered, 
olso Hcrschel’s Planet, from the name of its discoverer, 
and the Planet Hersche), or simply Hcrschel. The planet 
is denoted by this character $. 

This planet is the remotest of all those that are yet 
known, though not the largest, being in point of magni¬ 
tude less than Saturn and Jupiter. Its light, says Dr. 
Hcrschel, is of a blueish-white colour, and its brilliancy 
between that of Venus and the moon. With a telescope 
that magnifies About 300 times, it appears to have a very 
well defined visible disk; but with instruments of a small 
power, it can hardly be distinguished from a fixed star of 
between the 6th and 7th magnitude. In a very fine clear 
night, when the moon is absent, a good eye will perceive 
it without a telescope. 

From the observations and calculations of Dr. Hcrschel 
and other astronomers, the elements and dimensions &<s 
of this planet, have been collected as below. 
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Place of the node - - - - 2 s 11" 49' 30" 

Place of the aphelion in 179-5 11 23 33 53 

Inclination of the orbit - - - • • 43 35 

Time of the perihelion passage. Sept. 7, 1799 
Excentricity of the orbit - - - *8203 

Half the greater axis - - 19*0818 of Earth's dist. 

Revolution. 83} sidereal years 

Diameter of the planet - 34217 miles 

Proper, of diam. to the earths - 4*3177 to 1 
Its bulk to the earth's - - - S0*4926 to 1 

Its density as.*2204 to I 

Its quantity of matter - - 17’7406 to 1 

And heavy bodies fall on its surface IS feet 8 inches in 

one second of time. See Planet, &c. 

Dr. II. has also discovered 6 satellites belonging to this 
planet; the periodical revolutions of which arc com¬ 
pleted in the respective times following:—1st, 5d 2lh 
25m; 2d, 3d 17h im 9*i 3d, lOd 23h 4m; 4th, 13d 
lih 5m 2s; 5th, 38d Ih 49m; Oth, I07d l6h 40m. 
The orbits of these satellites make very large angles with 
the ecliptic ; and it has been asserted that their real mo¬ 
tion is retrograde; but this is probably an optical illu¬ 
sion. 

URSA, in astronomy, the Bear, a name common to two 
constellations of the northern hemisphere, near the pole, 
distinguished by Major and Minor. 

Ursa Major, or the Great Bear, one of the 48 old 
constellations, and perhaps more ancient than many of 
the pthers; being familiarl) known and alluded to by the 
oldest writers, and is mentioned by Homer as observe d by 
navigators. It is supposed that this constellation is that 
mentioned in the book of Job, under the name of Chesil, 
which our translation has rendered Orion, where it is 
said, 44 Canst thou loose the bands of Chesil (Orion) ?” 
It is farther said that the ancients represented each of 
these two constellations under the form of a waggon 
drawn by a team.of horses, and the Greeks originally 
called them waggons and two bears; they are to this day 
popularly called the wuins, or waggons, and the greater 
of them Charles's Wain. Hence is remarked the pro¬ 
priety of the expression, 44 loose the bands &c," the 
binding and loosing being terms very applicable to a har¬ 
ness, &c. 

Perhaps the Egyptians, or whoever else were the people 
that invented the constellations, placed those stars, which 
are near the pole, in the figure of a bear, as being an 
animal inhabiting towards the north pole, and making 
neither long journeys, nor swift motions. But theGrccks, 
in their usual way, have adapted some of their fables to 
it. They say this bear was Callisto, daughter of Lycaon, 
king of Arcadia; that being debauched by Jupiter, he 
afterwards placed her in the heavens, as well as her son 
Arcturus. 

The Greeks called this constellation Arctos and Ilclicc, 
from its turning round the pole. The Latins from the 
name of the nymph, as variously written, Callisto, Me- 
gisto, and Flemisto, and from the Arabians, sometimes 
Feretrum Majus, the Great Bier. And the Ursa Minor, 
they called Feretrum Minus, the Little Bier. The Italians 
have followed the same custom, and call them Cataletto. 
They spoke also of the Phcnicians being guided by the 
Lesser Bear, but the Greeks by the Greater. 

There arc two remarkable stars in this constellation, 
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viz, those in the middle of his body, considered as the 
two hindermost of the wain, and called the pointers, be¬ 
cause they always point nearly in a direction towards the 
north pole star, and so are useful in finding out this star. 

The stars in Ursa Major, are, according to Ptolemy's 
catalogue, 35; in Tycho's 50 ; in Ucvclius's 73 ; but in 
the Britannic catalogue 87. 

Ursa Minor , the Little Bear, called also Arc tos Minor, 
Phcenice, and Cynosura, one of the 48 old constellations, 
and near the north pole, the large star in the tip of its 
tail being very near to it, and thence called the pole-star. 

The Phcnicians guided their navigation* by this con¬ 
stellation, for which reason it was called Phenicc, or the 
Phenician constellation. It was also called C ynosura by 
the Greeks, because, according to some, that was one 
of the dogs of the huntress Callisto, or the Great Bear; 
but according to others Cynosura was one of the Idaean 
nymphs that nursed the infant Jupiter; and some say 
that Callisto was another of them, and that, for their care, 
they were taken up together to the skies.— Ptolemy places 
in this constellation 8 stars, Tycho 7, llevelius 12, and 
Flamsteed 24. 

UUSUS (Nicholas Raima rus), a very extraordinary 
character, and distinguished in the science of astronomy, 
was born at Henstedt in Dithmarsen, in the duchy of 
Holstein, about the year 1550. He was a swineherd in 
his youth, and did not begin to read till he was 18 years 
of age; but then lie employed all the hours lie could 
spare from his daily labour, in learning to read and write. 
He afterwards applied himself to study the languages; 
and, having a strong genius, made a rapid progress in 
Greek and Latin. He quickly learned also the French 
language, the mathematics, astronomy, and philosophy ; 
and most of them without the assistance of a master. 

Having left his native country, he gained a maintenance 
by teaching; which he did in Denmark in 1584, and on 
the frontiers of Pomerania and Poland in 1585. It was 
in this place that he invented a new system of astronomy, 
very little different from that of Tycho Brah£. This he 
communicated, in 1586, to the landgrave of llisse, which 
gave rise to a terrible dispute bctw'ecn him and Tycho. 
This celebrated astronomer charged him with being a 
plagiary ; who, as he related, happening to come with his 
master into his study, saw there, drawn on u piece of 
paper, the figure of his system ; and afterwards insotently 
boasted that he himself was the inventor of it. Ursus, 
on this accusation, wrote furiously against Tycho, called 
the honour of Ids invention in question, ascribing the 
system to Apollonius Pergseus ; and in short abused him 
ill so brutal a manner, that he was liko to be prosecuted 
for it. Ursus was afterwards invited by the emperor to 
teach the mathematics in Prague; from which city, to 
avoid the presence of Tycho, he withdrew silently in 
1589* and died soon after. 

He made some improvement in trigonometry, and wrote 
several books, which discover the marks of his hasty 
studies; bis erudition being indigested, and his style in¬ 
correct, as is almost always to be observed of. persons 
that are late-learned. 

VULPECULA ct Ansrr, the Fox and Goose , in Astro¬ 
nomy, one of the new constellations of the northern hemi¬ 
sphere, made out of the unformed stars by Hevclius, ii* 
which he reckons 27 stars; but Flamsteed counts35* 
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W AD, or \\ adding, in Gunnery, a stopple of paper, 
liay, straw, old rope-yarn, or tow, rolled firmly up 
like a ball, or a short cylinder, anti forced into a gun up 
to the powder, to keep it close in the chamber ; or secure 
the shot from rolling out, as well as, according to some, 
to prevent the inflamed powder from dilating around the 
sides ol the ball, by its windage, as it passes along the 
cliacc, which it was thought would much diminish the 
effort ol the powder. But, from the accurate experiments 
lately made at Woolwich, it has not been found to have 
any such effect. 

WADIIOOK, or Wohm, u long pole with a screw at 
the end, to draw out the wad, or the charge, or paper &c 
from a gun. 

.WAGGONER, in Astronomy, is the constellation 
Ursa Major, or the Great Bear, called also vulgarly 
Charles’s Wain. ' 

Waggoner- is also used for a routier, or book of 
charts, describing the seas, their coasts, Arc. 

Wales (William), f. r.r. by his natural talents and 
close application, rose from a low situation, little con¬ 
nected with learning, to some of the first ranks in literary 
pursuits. We observe his early labours in the correspon¬ 
dence of the Ladies’ Diary, that very useful little work, 
which has formed most of our eminent mathematicians. 
Here, and in some other periodical publications, for many 
years is observed the gradual improvement of Mr. W. in 
the various mathematical sciences. Mr. W. was deemed 
a fit person to be sent to a distant country (Hudson’s 
Bay), to observe the trnnsit of Venus over the sun 1769 ; 
and the manner in which lie discharged that trust did 
honour to his talents. On his return he communicated 
to the Royal Society an excellent paper of observations 
made at that station, which was inserted in their Trans¬ 
actions, vol. for 1769; and the yeur following came out 
his general observations made at Hudson’s Bay, in a large 
4to volume. Mr. W. next, in the character of astrono¬ 
mer, accompanied Capt. Cook, in his first voyage, 1772— 
1774; and agaiti in his other voyage of 17*70—1779. 

f came out his Observations on a voyage with 
Capt. Cook; and in 1778 Remarks on Dr. Forster’s Ac¬ 
count of the Voyage, in which he showed considerable 
talents ns u controversial writer. Soon after his return 
from the last voyage, Mr. W. was elected a r.R.s. where 
he proved a very useful member; and, on the death of 
.Mr. Daniel Harris, he was appointed mathematical master 
toChrist’s Hospital, London ; and, some years after, secre¬ 
tary to the board of longitude; both which offices he 
held till the time of his death, which happened in 1798, 
at about 64 years of age. 

In 1781, Mr. W. published an Enquiry into the State of 
the Population in England and Wales : and in 1794 his 
treatise on the Longitude by Timekeepers. Mr. W. pub- 
bshed an ingenious restoration of one of the lost pieces 
of Apollonius: and it 1ms been said he was author of 
one of the dissertations on the achronical rising of the 
Pleiades, annexed to Dr. Vincent’s Voyage of Nearchus, 
1797. Besides all these, Mr. W. wrote some ingenious 
papers in the Philos. Trans, and in various periodical 
publications, particularly the Ladies’ Diaries, sometimes 


signed with his own name, and sometimes under certain 
fictitious signatures, as G, Celti, Felix M'Carthy, ttc. 

WALLIS (Dr. John), an eminent English mathema¬ 
tician, was the son of a clergyman, and born at Ashford 
in Kent, Nov. 23, l6l6. After being instructed, at diffe¬ 
rent schools, in grammar learning, in Latin, Greek, and 
Hebrew, with the rudiments of logic, music, and the 
French language, he was placed in Emanuel college, 
Cambridge. About 1640 he entered into orders, and was 
chosen fellow of Queen’s college. He kept his fellowship 
till it was vacated by his marriage, but quitted his col¬ 
lege to be chaplain to sir Richard Darlcy; after a year 
spent in this situation, he passed two more as chaplain to 
lady Vere. While he lived in this family, he cultivated 
the art of deciphering, which proved very useful to him 
on several occasions: he met with rewards and prefer¬ 
ment from the governmental home for deciphering letters 
for them ; and it is said, that the elector of Brandenburg 
sent him a gold chain and medal, for explaining for him 
some letters written in ciphers. 

In 1G43 he published Truth Tryed, or Animadversions 
on Lord Brooke’s treatise, called The Nature of Truth 
&c ; styling himself “ a minister in London,” probably 
of St. Gabriel Fenchurch, the sequestration of which had 
been granted to him.— In 1644 he was chosen one of the 
scribes or secretaries to the assembly of divines at West¬ 
minster. 

Academical studies being much interrupted by the 
civil wars in both the universities, many learned men 
from them resorted to London, and formed assemblies 
there. Wallis belonged to one of these, the members of 
which met once a week, to discourse on philosophical 
matters; and this society was the rise ami lu-ginnwig of 
|hat which was afterwards incorporated by the name of 
the Royal Society, of which Wullis was one of the most 
cnrly members. 

The Saviliati professor of geometry at Oxford- being 
ejected by the parliamentary visitors, in 1649, Wallis was 
appointed to succeed him, and he opened his lectures there 
the same year. In I6'50 he published some Animadver¬ 
sions on a book of Mr. Baxter’s, entitled, “ Aphorisms 
of Justification and the Covenant.” And in 1653, in 
Latin, a Grammar of the English tongue, for the use of 
foreigners; to which was added, a tract De Loquela seu 
Sonorum Formationc, &c, in which he considers philoso¬ 
phically the formation of all sounds used in articulate 
speech, and shows how the organs being put into certain 
positions, and the breath forced out from the lungs, the 
person will thus be niude to speak, whether he hear him¬ 
self or not. Pursuing these reflections, he was led to 
think it possible, that a deaf person might be taught to 
speak, by being directed so to apply the organs of speech, 
as the sound of each letter required, which children learn 
by imitation and frequent attempts, rather than by art. 
He made a trial or two with success; andparti 9 ula‘rly on 
one Pophnm, which involved him in a dispute with Dr. 
Holder, of which some account has already been given 
in the life of that gentleman. 

In 1654 he took the degree of doctor in divinity ; and 
the year after became engaged in a long controversy with 



W A L 


W A K 


f 583 ] 


Mr. Hobbes. This philosopher having, in 1655, printed 
his treatise DeCorporc Philosophico, Ur. Wallis the same 
year wrote a confutation ot it in Latin, under the title ol 
Elenchus Geomclriaj Hobbiana; ; which so provoked 
Hobbes, that in l6o6 he published it in English, with the 
addition of what he called, “ Six Lessons to the Professors 
of Mathematics in Oxford.” Upon this Dr. Wallis wrote 
an answer in English, entitled, “ Due Correction for 
Mr. Hobbes; or School-discipline for not saying his Les¬ 
sons right,” 1656 : to which Mr. Hobbes replied in a 
pamphlet called “ STITMAI, &c, or Marks of the ab¬ 
surd Geometry,Rural Language, Scottish Church-politics, 
and Barbarisms, ol John Wallis, 105/-’ 1 his was im¬ 

mediate! v rejoined to by Dr. Wallis, in Hobbiam Puncti 
Dispunctio, 1057. And here this controversy seems to 
have ended, at this time : but in lOOl Mr. Hobbes 
printed Examinatio & Emendatio Mathcmaticorum llo- 
diernorum in sex Dialogis; which occasioned Dr. Wallis 
to publish the next year, Hobbius Heautontimorumenos, 
addressed to Mr. Boyle. 

In 1657 our author collected and published his mathe¬ 
matical works, in two parts, entitled, Mathesis Universa¬ 
lis, in 4to; and in 1058, Commercium Epistolicum de 
Quaestionibus quibusdarn Mathematicis nuper habitum, 
in 4to ; which was a collection of letters written by him¬ 
self and many learned men, as Lord Brounker, Sir Kc- 
nclm Digby, Fermat, Srhooten, and others. 

Wallis was this year chosen Custos Archivorum of the 
university. On this occasion Mr. Slubbe, who, on ac¬ 
count of his friend Mr. Hobbes, had before waged war 
also against Wallis, published a pamphlet, entitled, “The 
Savilian Professor’s Case Stated,” 1658. Dr. Wallis re¬ 
plied to this: and. Mr. Stubbe republished his case, with 
enlargements, and a v indication against the exceptions ol 
Dr. Wallis. 

On the Restoration ioappears he met with great respect; 
the king thinking favourably of him on account of sonic 
services he had done both to himself and his father 
Charles the first. lie was therefore confirmed in his 
places, also admitted one of the king's chaplains in ordi¬ 
nary, and appointed one of the divines empowered to re¬ 
vise the Book of Common Prayer. Me complied with the 
terms of the act of uniformity, and continued a steady 
conformist till his death. He was a very useful member 
of the Royal Society ; and kept up a literary correspond¬ 
ence with many learned men. In 1670 he published his 
Mcchanica; sive de Motu, 4to. In 1676 he gave an 
edition of Archiinedis Syracusani Arenarius & Dimensio 
Circuit; and in 1682 he published from the manuscripts, 
Claudii Ptolomaci Opus Harmonicum, in Greek, with a 
Latin version and notes ; to which he afterwards added, 
Appendix de vetcrum Harmonica ad hodiernam compa- 
rata, &c. In 1685 he published some theological pieces ; 
and, about I69O, was engaged in a dispute with the Uni¬ 
tarians; also, in 1692/ in another dispute about the 
sabbatb. Indeed his books on subjects of divinity are 
very numerous, but nothing near so important as his ma¬ 
thematical works. 

Jn 1685 he published his History and Practice of Al¬ 
gebra, in folio; a work replete with learned and useful 
matter. Besides the works above-mentioned, he pub¬ 
lished many others, particularly his Arithmetic of Infi¬ 
nites, a book of genius and good invention, and perhaps 
almost his only work that is so, for he was much more 
distinguished for bis industry and judgment, than for his 


genius. Also a multitude of papers in the Philos. Trans, 
in almost every volume, from tlie 1st to the ‘25th volume. 
In 1697, the curators of the university press at Oxford 
thought it for the honour of the* university to collect the 
doctor's mathematical works, winch had been printed se¬ 
parately, some in Latin, some in English, and published 
them all together in Latin, in 3 vols. lolio, J(»99* 

Dr. Wallis died at Oxford the 2Slh ol October, 1703, 
in the 88th year of his age, leaving behind him one son 
and two daughters. We are informed that he was of a 
vigorous constitution, and of a mind which was strong, 
calm, serene, and not easily ruffled or discomposed. Me 
speaks of himself, in his letter to Mr. ^mith, in a strain 
which shows him to have been a very cautious and pru¬ 
dent man, whatever his secret opinions and attachments 
might be: he concludes, 44 It hath been my endeavour 
all along to act by moderate principles, being willing, 
whatever side was uppermost, to promote any good design, 
for the true interest of religion, of learning, and of <he 
public good.*' 

WALMLSLLY (Charles), d.d. k.k.s. was an English 
Benedictine monk, ami a Roman Catholic bishop; also 
senior bishop and vicar apostolic the western district, 
as well as doctor of theology in the Sorbonnc. Me; died 
at Bath in 1797, in the 76th year of his age, and the 
41st of his episcopacy. Dr. \V. was the last survivor of 
those eminent mathematicians, who were concerned in 
regulating the chronological style in England, which pro¬ 
duced a change of the style in this country, in the year 
1752. Besides some ingenious astronomical essays in the 
Philos. Trans, he published several separate works, both 
on mathematics and theology; as, 1. Analyse des Mc- 
surcs des Rapports ct des Angles, 4to, 1749# being an 
extension and explanation of Cotis’s Harmonia Mensura- 
ruro. 2. Theorie du Monument des Apsides, Svo, 1749- 
3. Dc Ina»qualilatibus Motuum Lunarium, 4to, 1758. 
An explanation of the Apocalypse, Ezekiel's Vision, See: 
By the fire at Bath at the time of the riots, several valuable 
manuscripts, which he had been compiling during a well- 
spent life of labour, and travelling through many coun¬ 
tries, were irretrievably lost. 

WARD (Dr. Seth), an English prelate, chiefly famous 
for his knowledge in mathematics and astronomy, was the 
son of an attorney, and born at Buntingford, Hertford¬ 
shire, in 1617 or 1618. From hence he was removed 
and placed a student in Sidney-college, Cambridge, in 
1632. Mere he applied with great vigour to his studies, 
particularly to the mathematics, and was chosen fellow 
of his college. In 1640 he was pitched upon by the-vice- 
chancellor to be prevaricator, which at Oxford is called 
terre-filius ; whose office it was to make a witty speech, 
and to laugh at any thing or any body : a privilege which 
he exercised so freely, that the vice-chancellor actually 
suspended him from bis degree; though he reversed the 
censure the day following. 

The civil war now breaking out. Ward was involved 
not a little in the consequences of it. He was ejected 
from his fellowship for refusing the Covenant; against 
which he soon after joined with several others, in drawing 
up that celebrated treatise, which was afterwards printed. 
Being now obliged to leave Cambridge, he resided for 
some time with certain friends about London, and at other 
times at Aldbury in Surrey, with the noted mathematician 
Oughtred, where he prosecuted his mathematical studies. 
He afterwards lived for the most part, till 1649, with Mr. 
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Ralpli Freeman at Aspenden in Hertfordshire, whose sons 
he instructed us their preceptor; after which he resided 
some months with lord Wenman, of Thame Park, in Ox¬ 
fordshire. 

lie had not been long in this family before the visita¬ 
tion of the university of Oxford began; the effect of 
which was, that many learned and eminent persons were 
turned out, and among them Mr-Greaves, the Savilian 
professor ot Astronomy: this gentleman laboured to pro¬ 
cure Ward for his successor, whose abilities as an astro¬ 
nomer were universally known and acknowledged; and 
effected it ; Dr. Wallis succeeding to the Geometry pro¬ 
fessorship at the same time. Mr. Ward then entered him¬ 
self ot Wad ha in college, for the sake of Dr. Wilkins, who 
was the warden; and he lost no time in bringing the 
astronomy lectures, which had long been neglected and 
disused, into repute again; and for this purpose he read 
them very constantly, never missing one reading day, dur¬ 
ing the time he held the lecture. 

In 1()54, both the Savilian professors did their exercises, 
in order to proceed doctors in divinity; ami when they 
were to be presented, W'allis claimed precedency. This 
occasioned a dispute; .which being decided in favour of 
" ard, who was really the senior, W'allis went out grand 
compounder, und so obtained the priority. In 105J), 
Ward was chosen president of Trinity college ; but was 
obliged at the Restoration to resign that place. He had 
recompense made him, however, by being presented in 
166() to the rectory of St. Laurence Jewry. The same 
year he was also installed precentor of the church ofKxc- 
tcr. In I fib I he became fellow of the Royal Society, 
ami dean of I'.xcter; and the year fojlowing he was ad¬ 
vanced to the bishopric of the same church. In 1667 
he was translated to the see of Salisbury: and in 1671 
was made chancellor of the order of the garter; an honour 
which he afterwards procured to be permanently annexed 
to the see of Salisbury, after it had been held by laymen 
for above 150 years. 

Dr. Ward was one of those unhappy persons who have 
the misfortune to survive their senses, which happened in 
consequence of a fever badly cured : he lived till the Re¬ 
volution, but without knowing any tiling of the matter; 
and died in January 1689, about 71 years of age. Me 
was the author of several Latin works in astronomy and 
different parts of the mathematics, which were thought 
excellent in their day; but their use has been superseded 
by later improvements and the Newtonian philosophy. 
Some of these were, 

1. A Philosophical F.ssuy towards an Eviction of the 
Being and Attributes of God, &c. 1652 —2. Dc Cometis, 
&c; 4to, 1653.—3. In Ismaclis Bullialdi Astronomia 
Lnquisitio; 4to, 1653. —4. Idea Trigonometriai demon- 
strataj; 4to, I <>5+.— 5. Astronomia Geomotrica; 8vo, 
1056. In this work, a method is proposed, by which 
the astronomy of the planets is geometrically resolved, 
either oil the Elliptical or Circular motion; it bcin<» in 
the third or last part of this work that lie proposes 'and 
explains what is called Ward’s Circular Hypothesis._ 

6 ’, £ x ‘‘ rcita,io cpistolica in Thom® Hobbii Philosophiam, 
ad D.Joannem Wilkins; 1656, 8vo. * 

But that by which he has chiefly signalized himself, as 
to astronomical invention, is his celebrated approximation 
to the true place of a planet, from a given mean anomaly, 
lounded 0.1 an hypothesis, that the motion of a planet, 
(hough it be really performed in an elliptic orbit, may 


yet he considered as equable as to angular velocity.or with 
an uniform circular motion round the upper focus of the 
ellipse, or that next the aphelion, as a centre. By this 
means he rendered the praxis of calculation much easier 
than any that could be used in resolving what has been 
commonly called Kepler’s problem, in which the coequatc 
anomaly was to be immediately investigated from that of 
the mean elliptic one. His hypothesis agrees pretty well 
with those orbits which are elliptical but in a very small 
degree, as that of the Larth and Venus: but in others, 
that arc more elliptical or cxccnlric, as those of Mercury, 
Mars, &c, this approximation stood in need of a correc¬ 
tion, which was made by Bulliald. Both the method, and 
the correction, are very well explained and demonstrated, 
by Kcill, in this Astronomy, lecture 24. 

WARGEN I IN (Petek), an ingenious Swedish mathe¬ 
matician and astronomer, was born Sept. 22, 1717, and 
died Dec. 13, 1783. He became secretaiy to the Aca¬ 
demy at Stockholm in 1749, when he was only 32 years 
of age; and he became successively a member of most of 
the literary academies in Europe, as London, Paris, Pe¬ 
tersburg, Gottingen, Upsal, Copenhagen, Drontheim, &c. 
In this country he is probably most known on account of 
his tables for computing the eclipses of Jupiter’s satel¬ 
lites, which are annexed to the Nautical /Mmanac of 
*779- I know not that he has published any separate 
work ; but his communications were very numerous to 
several of those Academies of which he was a member; 
as the Academy of Stockholm, in which arc 52 of his 
memoirs ; in the Philosophical Transactions, the Upsal 
Acts, the Paris Memoirs, &c. 

WARING (Edward), m. d. and f. r.s. was born 
about the year 1736, near Shrewsbury, were also lie 
died, August 15, 1798, in the sixty-third year of his age. 
After his early education at that place, he was sent to 
Magdalen college, Cambridge, in 1753. Here his talents 
for abstruse calculations soon distinguished him ; so that, 
on taking his first degree, in 1757> be was ranked as senior 
wrangler, or the first student of the year, Mr. John Jebb 
being the second on the list. The Lucasian professorship 
of mathematics in the university becoming vacant, by the 
death of Mr. John Colson, in 1759, Mr. W. was elected 
to that office in Jan. 1760. On this occasion some re¬ 
markable circumstances took place. Before his election, 
Mr. W. gave a small specimen of his abilities, as a proof 
of his fitness for that office, by the publication of the first 
chapter of his Miscellanea Analytica. This specimen 
was attacked, and his election opposed, by Dr. Powell, 
of St.John's college, with the view of serving his friend 
Mr. Mascres (the present cursitor baron of the exchequer), 
then a candidate also for the vacant professorship.* This 
opposition produced several curious pamphlets between 
the two parties, by Dr. Powell and Mr. Mascres on the 
one side, and by Mr. Waring, assisted by bis friend Mr. 
Wilson (afterwards one of the judges, sir John Wilson), 
on the other side; which -however ended in the success 
and election of the latter. 

In 1762 Mr. W. published complete his Miscellanea 
Analytical one of the most abstruse books, written pn 
the abstrusest parts of Algebra; which might at least 
have the effect of extending the author's title 10 ingenuity. 
Mathematics however did not engross the whole of his 
attention: he could allow some part of his time to the 
study of medicine; and in 1767 he was admitted to the 
degree of m. d. though he never after practised as a phy- 
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sician. Mathematics again engaged his chief attention, 
and he successively produced a number of pieces, of a like 
abstruse kind as the former; several of which were in¬ 
serted in different volumes of the Philos.Trans., and some 
he published in separate works ; as, the Meditationes Ana¬ 
lytical, in 1770; the Proprietates Algcbraicarum Curva- 
rum, in 1772; and the Meditationes Analytical, in 1776. 
To these might be added a work, written in his retire¬ 
ment, on morals and metaphysics; of which a few copies 
only were printed, and presented to his triends. As also 
a pamphlet published at Cambridge, in which algebraic 
quantities are translated into probable relations, and some 
theorems on probabilities thence deduced. In the same 
pamphlet are farther added some new propositions on 
chances, on the values of lives, on survivorships, Nc. 

Most of these essays give proofs of the strong powers 
of the author's mind, both in abstract science, and its ap¬ 
plication to philosophy: though they labour, in common 
with Ins other works, under the disavantage of being con¬ 
veyed in a very unattractive form. 

In his disposition and character, I)r. \V. is represented 
as of inflexible integrity, great modesty, plainness, and 
simplicity of manners ; of a meekness and a diffidence ot 
mind to such u degree, as to be always embarrassed before 
strangers. 11 is extreme short-sightedness loo, joined to 
the natural want of order and method in his mind, which 
appeared remarkably even in Ins hand-writing, rendered 
his mathematical compositions so confused and embar¬ 
rassed, that in manuscript they were often utterly inexpli¬ 
cable : a circumstance which may, account for the nu¬ 
merous typographical errors in his publications. 

Besides the works before-mentioned, Dr. Waring gave 
a number of valuable papers to the Philosophical Trans¬ 
actions of the ltoyal Society. 

WATCH, a small portable machine, or movement, for 
measuring time; having its motion commonly regulated 
by a spiral spring. Perhaps, strictly speaking, watches 
arc all such movements as show the parts of time 5 as 
clocks are such as proclaim them, by striking on a bell, 
&c. But commonly, the term watch is appropriated to 
such as urc carried in the pocket; and clock to the large 
movements, whether they strike the hour or not. 

Spring or Pendulum Watches stand on much the 
same principle with pendulum clocks. For if a pendu¬ 
lum, describing small circular arcs, make vibrations of 
unequal lengths, in equal times, it is bccuusc it describes 
the greater arc with a greater velocity; so a spring put in 
motion, and making greater and less vibrations, as it is 
more or less strong, and as it has a greater or less degree 
of motion given it, perforins them nearly in equal times. 
Hence, as the vibrations of the pendulum had been ap¬ 
plied to large clocks, to rectify the inequality of their 
motions ; so, to correct the unequal motions of the ba¬ 
lance in \yatchcs, a spring is added, by the isochronisin 
of whose vibrations the correction is to be effected. 
The spring is usually wound into a spiral; that, in the 
little compass allotted it, it may be as long as possible; 
and may have strength enough not to be mastered, and 
displaced by the inequalities of the balance it is to regu¬ 
late. The vibrations of the two parts, viz, the spring and 
the balance, should be of the same length ; but so ad¬ 
justed, as that the spring, being more regular in the length 
of its vibrations than the bilance, may occasionally com¬ 
municate its precision to the latter. 

The Invention of Spring or Pocket Watches , is due to the 

Vo l, II. 


] 

l6tli century. It is true, as we arc injonned, in the history oi 
Charles the 5th, that a watch was presented to that prince: 
but this was probably no more than a kind of clock to be 
set on a table: some resemblance of which we have still 
remaining in the ancient paces made before the year 10*70. 
Some accounts also state, the first watches were made at 
Nuremberg in 1500, by Peter Hell, and were called 
Nuremberg eggs, on account ol their oval form. And 
farther, that the same year, George Purbuch, a mathema¬ 
tician of Vienna, employed a watch that pointed to se¬ 
conds, for astronomical observations, which was probably 
a kind of clock. In effect, it is between lluoke and Huy¬ 
gens that the glory of this excellent invention lies : but to 
which of them it properly belongs, has been greatly dis¬ 
puted; the English ascribing it to the former, and the 
French, Dutch, &c, to the latter. Dcrham, in hi» Arti¬ 
ficial Clockmaker, says positively, that Dr. Hooke was 
the inventor; and adds, that he contrived various means 
of regulation : one was with a loadstone : another 
with a tender straight spring, one end of which played 
backward and forward with the balance; so that the 
balance was to the spring as the ball of a pendulum, 
and the spring as the rod ol the same: a third me¬ 
thod was with two balances, of which there were divers 
kind* ; some having a spiral spring to the balance for a re¬ 
gulator, and others without. But the way that prevailed, 
and which still continues in mode, was with one balance, 
and one spring running round the upper part of the verge 
of it: though this has a disadvantage, which those with 
two springs, &c were free from; in that, a sudden jerk, or 
confused shake, will alter its vibrations, and disturb it very 
much. 

The time of these inventions was about the year 1658 ; 
as appears, among other evidences, from an inscription on 
one of the double-balance watches presented to king 
Charles the second, viz, Rob. Hooke inven. 105S. T. Tom- 
pion fecit, 1675. The invention soon came into repute 
both at home and abroad ; and two of the machines were 
sent for by the dauphin of France. Soon after this, M. 
Huygens's watch with a spiral spring got abroad, and ex¬ 
cited uncommon interest in England, as if the longitude 
could be found by it. It is certain however, that this in¬ 
vention was later than the year 1673, when his book De 
liorol. Oscillat. was published ; in which there is no men¬ 
tion of this, though lit speaks of several other contrivances 
iu the same way. 

One of these the lord Brounker sent for from France, 
where M. Huygens obtained a patent for them. This 
watch agreed with Dr. Hooke's, in the application of the 
spring to the balance; only that of Huygens had a longer 
spiral spring, and its pulses and beats were much slower ; 
also the balance, instead of turning quite round as Dr. 
Hooke's did, turned several times every vibration. Huy¬ 
gens also invented 'divers other kinds of watches, some of 
them without any siring or chain at all, which he called 
pendulum watches. 

Mr. Derham suggests that he suspects Huygens's fancy 
was first set to work by some intelligence he might have of 
Hooke's invention from Mr. Oldenburg, or some other of 
his correspondents in England: though Mr. Oldenburg 
vindicates himself against that charge,in the Philos. Trans. 
Nos. 118 and 129- 

Watches, aiuce their first invention, have gone on in a 
continued course of improvement, and they have lately 
been brought to great perfection* both in England and in 
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France, but inure especially the former, particularly owing 
to the great encouragement that has been given to them 
by the board of longitude. Some of the chief writers and 
improvers of watches, are, Le Roy, Cummins, Harrison, 
Mudgc, Emery, and Arnold. See Derham’s Artificial 
Clockmaker ; Cummins’s Principles of Clock and Watch 
work; Mudgc's Thoughts on the Means of improving 
Watches, &c. 

Striking Watches, are such as, besides the proper 
watch part, for measuring time, have a clock part, for 
striking the houis, &c. These are real clocks ; only 
moved by a spring instead of a weight; and are properly 
called pocket-clocks. 

Repenting Watches, are such as, by pulling a string, 
&c, repeat the hour, quarter, or minute, at any time of 
the day or night.—This repetition was the invention of 
Mr. Barlow, being first put in practice by him in larger 
movements or clocks, about the year 1676'. The contri¬ 
vance immediately set the other artists to \vork,>who soon 
devised many ways of effecting the same. But its appli¬ 
cation to pocket-watches was not known before king James 
the second's reign; when the ingenious inventor above 
mentioned was soliciting a patent for it. The talk of a 
patent engaged Mr. Quare to resume the thoughts of a 
like contrivance, which he had in view some years before: 
he now effected it; and being pressed to endeavour to pre¬ 
vent Mr. Barlow's patent, a watch of each kind was pro¬ 
duced before the king and council ; on trial of which, the 
preference was given to Mr. Quare’s. The difference be¬ 
tween them was, that Barlow’s was made to repeat by 
pushing in two pieces on each side the. watch-box ; one of 
which repeated the hour, and the other the quarter: 
whereas Quare’s was made to repeat by a pin that stuck 
out near the pendant, which being thrust in (as is now 
done by forcing in the pendant itself) repeated both the 
hour and quarter with the same thrust. 

Of the Mechanism of a Watch. 

Watches, as well as clocks, are composed of wheels and 
pinions, with a regulator to direct the quickness or slow¬ 
ness of the wheels, and of a spring which communicates 
motion to the whole machine. But the regulator and 
spring of a watch arc vastly inferior to the weight and 
pendulum of a clock, neither of which can he employed 
in watches. Instead of a pendulum, therefore, they are 
obliged to use a balance (pi. 40, fig. 4) to direct the mo¬ 
tion ofa watch ; and of a spring (fig. 6), which serves, in¬ 
stead of a weight, to give motion to the wheels and ba¬ 
lance. 

The wheels of a watch, like those of a clock, arc placed 
in a frame, formed of two plutcs and four pillars. Fig. 3. 
represents t(ie inside of a watch, after the plate (fig. 5) is 
taken off. a is the barrel which contains the spring (fig. 
6 ) ; the chain is rolled about the barrel, with one end of it 
fixed to the barrel a, and the other to the fusee n. 

When a watch is wound up, the chain wlpch was upon 
the barrel winds about the fusee, and by this means the 
spring is stretched ; for the interior end of the spring is 
fixed by a spring to the immoveable axis, about which the 
barrel revolves; the exterior end of the spring is also 
fixed to the inside ol the barrel, which turns upon an axis. 
It is there easy to perceive how the spring extends itself, 
and how its elasticity forces the barrel to turn round, and 
consequently causes the chain which ‘is upon the fusee to 
unfold and turn the fusee; the motion of the fusee is com- 


municated to the wheel cc ; then by means of the teeth, 
to the pinion c, which carries the wheel d ; then to the 
pinion d, which carries the wheel E ; then to the pinion e, 
which carries the wheel r ; then to the pinion f, upon 
which is the balance-wheel o, whose pivot runs in *he 
piece a, called the potance, and b called a follower, which 
are fixed ort the plate fig. 5. This plate, of which only a 
part is represented, is applied to that of fig. 3, in such a 
manner, tiiat the pivots of the wheels enter into holes mude 
in the plate fig. 3. Thus the impressed force of the spring 
is communicated to the wheels: and the pinion f being 
then connected to the wheel r,'obliges it to turn (fig. 7). 
This wheel acts on the pallats of the verge I, 2. (fig. 4) 
the axis of which carries the balance HH (fig. 4). The 
pivot i, in the end of the verge, enters into the hole e in the 
potance a (fig. 5). In this figure the pallats arc repre¬ 
sented ; but the balance is on the other side of the plate, 
as may be seen in fig. 11. The pivot .3 of the balance en¬ 
ters into a hole of the cock nc (fig. 10), as represented in 
fig. 12. Thus the balance turns between the cock and 
the potance e (fig. 5), as in a kind of cage. The action of 
the balance-wheel upon the pallats I, 2, (fig. 4) is the same 
with that of the same wheel in the clock ; i. e. in a watch 
the balance-wheel causes the balance to vibrate backwards 
and forwards like a pendulum. 

At each vibration of the balance a pullat allows a tooth 
of the balatice-vvhccl to escape; so that the quickness of 
the motion of the wheels is entirely determined by the ce¬ 
lerity of the vibrations of the balance, and these vibrations 
of the balance and motion of the wheels are produced by 
the action of the spring. 

But the quickness or slowness of the vibrations of the 
balance depends noj solely on the action of the great 
spring, but chiefly on the action of the spring abc, 'called 
the spiral spring (fig 13) situated under the balance ir, 
and represented in (fig. 11) the exterior end of the spiral 
is fixed to the pin a (fig. 13). This pin is applied near the 
plate in a (fig. II); the interior end of the spiral is fixed 
by a peg to the centre of the balance. Hence if the ba¬ 
lance be turned upon itself, the plates remaining immove¬ 
able, the spring will extend itself, and make the balance 
perform one revolution. Now, after the spiral is thus ex¬ 
tended, if the balance be left to itself, the elasticity of the 
spiral will bring back the balance, and in this manner the 
alternate vibrations of the balance aro produced. 

In fig. 7 nil the wheels above described are represented 
in such a manner, that we may easily perceive at first sight 
how the motion is communicated from the barrel to the 
balance. 

In fig. 8 arc represented the wheels under the dial-plate, 
by which the hands are moved. The pinion a is made to 
fit tight on the prolonged pivot of the wheel d (fig. 7), and 
is called a cannon pinion. This wheel revolves in an hour. 
The end of the axis of the pinion a, upon which the mi¬ 
nute hand is fixed, is square; the pinion (fig. 8) is indent¬ 
ed into the wheel b, which is carried by the pinion a . 
Fig. 9 is a wheel fixed on a barrel, into the cavity of which 
the pinion a enters, and on which it turns freely. This 
wheel revolves in 12 hours, and carries along with it the 
hour-hand. 

WATER, in Physiology, a clear, insipid, and colourless 
fluid, coagulableinto a transparent solid substance, called 
ice, when placed in a temperature of 32° of Fahrenheit's 
thermometer, or lower, but volatile and fluid in every de¬ 
gree of heat above that; and when pure, or freed from 
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heterogeneous particles, is reckoned one of the four ele¬ 
ments. 

By some late experiments of Messrs. Lavoisier, Watt, 
Cavendish, Priestley, Kirwan, &c, it appears, that water 
consists of dephlogislicalcd air, and inflammable air or 
phlogiston intimately united; or, as Mr. Watt conceives, 
of those two principles deprived of part of their latent 
heat. And in some instances it appears that air and wa¬ 
ter are mutually convertible into each other. Thus, Mr. 
Cavendish (Philos. Trans, vol. 74, pa. 12S) recites several 
experiments, in which he changed common air into pure 
water, by decomposing it in conjunction with inflamma¬ 
ble air. Dr. Priestley likewise, having decomposed dc- 
phlogisticatcd and inflammable air, by firing-them toge¬ 
ther by the electric explosion, found a manifest decompo¬ 
sition of water, which, as nearly as he could judge, was 
equal in weight to that of the decomposed air. lie also 
made a number of othercuriouscxpcriments, which seemed 
to favour the idea of a conversion of water into air, with¬ 
out absolutely proving it. The difficulty which M. Deluc 
and others have found in expelling all air from water, is 
best accounted for on the supposition of the generation of 
air from water ; and, admitting that the conversion of wa¬ 
ter into air is effected by the intimate union of what is 
called the principle of heat with the water, it appears suf¬ 
ficiently analogous to other changes, or rather combina¬ 
tions, of substances. Is not, says Dr. Priestley, the acid 
of nitre, and also that of vitriol, a tiling as unlike to air 
as water is, their properties being as remarkably different ? 
And yet it is demonstrable that the acid of nitre is con¬ 
vertible into the purest respirable air, and probably by the 
union of the same principle of heat. Philos. Trans, vo). 
73, pa. 414 &c. 

Indeed theic seems to be water in all bodies, and parti¬ 
cles of almost all kinds of matter in water ; so that it is 
hardly ever sufficiently pure to be considered as an ele¬ 
ment. Water, if it could be had alone and pure, Bocr- 
haavc argues, would have all the requisites of an element, 
and be as simple as fire; but there is no expedient hitherto 
discovered for procuring it so pure. Rain water, which 
seems the purest of all those wc know of, is replete with 
infinite exhalations of-all kinds, which it imbibes from the 
air: so that, if filtered and distilled a thousand times, 
there still remain faeces. Besides this, and the numberless 
impurities it acquires after it is raised, by mixing with ull 
sorts of effluvia in the atmosphere, and by falling upon and 
running over the earth, houses, and other places. There 
is also fire contained in all water ; as appears from its 
fluidity, which is owing to fire alone. Nor can any kinds 
of filtering through sand, stone, &cc, free it entirely from 
salts &c. Nor have all the experiments that have been 
invented by the philosophers, ever been able to derive wa¬ 
ter perfectly pure. Hence Bocrbaavc says, that he is con¬ 
vinced no person ever saw a drop of pure water ; that the 
utmost of its purity known, only amounts toils being free 
from this or that kind of matter; and that it can never, 
for instance, be quite deprived of salt; since air will al¬ 
ways accompany water, and air always contains salt. 

Water seems to be diffused everywhere, and to be pre¬ 
sent in all space wherever there is matter. . There are 
hardly any bodies in nature but what will yield water: 
it is even asserted that fire itself is not without it. A 
single grain of the fiery salt, which in a moments time 
will penetrate through a man’s hand, readily imbibes half 
its weight of water, and melts even in the driest air pos¬ 


sible. Among innumerable instances, hartshorn, kept 40 
years, and turned as hard and dry as any metal, so that 
it will yield sparks of fire when struck against a flint, yet 
being put into a glass vessel, and distilled, will afford {th 
part of its quantity of water. Bones di*ad and dried 25 
years, and thus become almost as hard as iron, yet by dis- 
tillation have yielded half their weight of water. And 
the hardest stones, ground and distilled, always discover 
a portion of it. But hitherto no experiment shows, that 
water enters as a principle into tlie combination of me¬ 
tallic matters, or even into that of vitresciblc stones. 

From such considerations, philosophers have been led 
to hold the opinion, that all things were made of water. 
Basil Valentine, Paracelsus, Van Hclmont, and others 
have maintained, that water is the elemental matter or 
stamen of all things, and suffices alone for the produc¬ 
tion of all the visible creation. Thus too Newton : 44 All 
birds, beasts, and fishes, insects, trees, and vegetables, 
with their several parts, do grow' out of water, and 
watery tinctures, and salts; and by putrefaction they all 
return again to watery substances.” And the same doc¬ 
trine i* held, and confirmed by experiments, by Van Hel- 
mont, Boyle, and others. 

But Dr. Woodward endeavours to show that the whole 
is a mistake.—Water containing extraneous corpuscles, 
some of which, according to him, are the proper matter 
of nutrition ; the water be ing still found to afford so much 
the less nourishment, the more it is purified by distilla¬ 
tion. So that water, as such, does not seem to be the 
proper nutriment of vegetables; but only the vehicle 
which contains the nutritious particles, and carries them 
along with it, through all the parts of the plant. 

Hclmont however carries his system still farther, and 
imagines that all bodies may be reconverted into water. 
Ilis alkahest, he affirms, adequately resolves plants, ani¬ 
mals, and minerals, into one liquor, or more, according 
to their several internal differences of parts ; and the al¬ 
kahest, being abstracted again from these liquors, in the 
same w'eight, and with the same virtues, as when it dis¬ 
solved them, the liquors may, by frequent cohobations 
from chalk, or some other proper matter, be totally de¬ 
prived of their seminal endowments, and at last return to 
their first matter; which is insipid water. 

Spirit of wine, of all other spirits, seems freest from 
water: yet Hclmont affirms, it may be so united with 
water, os to become water itself. He adds, that it is ma¬ 
terial water, only under a sulphureous disguise. And the 
same thing he observes of all salts, and of oils, which 
may be almost wholly changed into water. 

jVo Standard for the IVeight and Purity qf Water.— 
Water hardly ever continues two moments exactly of the 
same weight; by reason of the air and fire contained in 
it. The expansion of. water in boiling shows what effect 
the different degrees of fire have on the gravity of water. 
This makes it difficult to fix the specific gravity of water, 
in order to settle its degree of purity. However, the 
purest water,we can obtain, according to the experiments 
of Hawskbcc, is 850 times heavier than atmospheric air: 
or according to the experiments of Mr. Cavendish, the 
thermometer being at 50 and the barometer at 29$, about 
800 times us heavy as air: and according to the experi¬ 
ments of sir Geo. Shuckburgh, when the barometer ,is at 
2t)-27 nnd the thermometer at 53°, water is 836 times 
heavier than air; whence also may be deduced this gene¬ 
ral proportion, which may be accounted a standard , via, 
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that, When the barometer is at 30° and the thermometer 
at 55°, then water is 820 times heavier than air ; also 
lhat in such a state the cubic foot of water weighs 1000 
ounces avoirdupois, and that of air 1'222, or 1J nearly, 
also that of mercury 13600 ounces ; and for other states 
of the thermometer and barometer, the allowance is after 
this rate, viz, that the column of mercury in the barometer 
varies its length by the 10 thousandth part of itself for a 
chnnoc of each single degree of temperature, and water 
changes by l» art °* l,s l| c»g hl or magnitude by 

each degree of the same. However, we have not any very 
exact standard in air; for water being so much heavier 
than air, the more water there is contained in the air, the 
heavier of course must the air be; as indeed a considera¬ 
ble part of the weight of the atmosphere seems to arise 
from the water that is contained in it. 

Properties and Effects of Water. —Water is a very vo¬ 
latile body. It is entirely reduced into vapours and dis¬ 
sipated, when exposed to the action of fire and uncon- 
fined. 

Water heated in an open vessel, acquires no more tli3ii 
a certain determinate degree of heat, whatever be the in¬ 
tensity of the tire to which it is exposed ; which greatest 
degree of heat is when it boils violently. 

It has been found that the degree of heat necessary to 
make water boil, is variable, 
according to the purity of the 
water and the weight of the 
atmosphere. The annexed ta¬ 
ble shows the degree of heat 
at which water boils, at vari¬ 
ous heights of the barometer, 
being a medium between those 
resulting from the experiments 
of sir Geo. Shuckburgh and M. 

Dcluc. 

Water is found the most pe¬ 
netrative of all bodies, after 
fire, and the most difficult to 
confine; passing through lea¬ 
ther, bladders, &c, which will 
confine air; making its way gradually through woods; 
and is only retainable in gloss and metals; nny it was deter¬ 
mined by experiment at Florence, that when shut up in 
a spherical vessel of gold, which was pressed with a great 
force, it made its way through the pores even of the gold 
itself. 

Water, by this penetrative quality alone, may be in¬ 
ferred to enter the composition of nil bodies, both vege¬ 
table, animal, fossil, and even mineral; with this particu¬ 
lar circumstance, that it is easily, and with a gentle heat, 
separable again from bodies it had united with. 

And yet tne same water, as little cohesive as it is, and 
as easily separated from most bodies, will cohere firmly 
with some others, and bind them together in the most solid 
masses; as in the tempering of earth, or ashes, clay, or 
powdered bones, &c, with water, and then dried and burnt, 
when the masses become hard as stones, though without 
the water they would be mere dust or powder. Indeed 
it appears wonderful that water, which is otherwise an 
almost universal dissolvent, should nevertheless be a great 
coagulator. 

Sonic have imagined that water is incompressible, and 
therefore non-elastic; founding their opinion on the cele¬ 
brated Florentine experiment above mentioned, with the 


globe of gold ; when the water being, as they say, inca¬ 
pable of condensation, rather than yield, transuded 
through the pores of the metal, so that the ball was 
found wet all over the outside ; till at length making a 
cleft in the gold, it squirted out with great vehemence. 
But the truth of the conclusions drawn from this Floren¬ 
tine experiment has been very justly questioned ; Mr. 
Canton having proved by accurate experiments, that water 
is actually compressed even by the weight of the atmo¬ 
sphere. Sec Compression. 

Besides, the diminution of size which water suffers 
when it passes to a less degree ol heat, sufficiently shows 
that the particles of this fluid are, like those of all other 
known substances, capuble of approaching nearer toge¬ 
ther. 

.Ditch Water, is often used ns an object for the micro- 
scrope, and seldom fails to afford a great variety of ani¬ 
malcules; often appearing of a greenish, reddish, or yel¬ 
lowish colour, from the great multitudes of them. And 
to the same cause is to be ascribed the green skim on the 
surface of such water. Dunghill water >s also full of an 
immense crowd of animalcules. 

Fresh Water, is said of that which is insipid, or with¬ 
out salt, and inodorous; being the natural and pure state 
of the element. 

Hurd Water, or Crude Water, is that in which soap 
does not dissolve completely or uniformly, but is curdled. 
The dissolving power of hard water is less than that of 
soft ; and hence its unfitness for washing, bleaching, dye¬ 
ing, boiling kitchen vegetables, &c. The hardness of 
water may arise either from salts, or from gas. That 
which arises from salts, may lie discovered and remedied 
by adding some drops of u solution of fixed alkali; but 
the lutter by boiling, or exposure to the open air.—Spring 
waters are often hard ; but river water soft. Hard waters 
are remarkably indisposed to corrupt ; they even pre¬ 
serve putrescible substances for a considerable length of 
time : hence they seem to he best fitted for keeping at sea, 
especially as they arc so easily softened by a little alkaline 
salt. 

Putrid Water, is that which has acquired nn offensive 
smell and taste by the putrescence of animal ojr vegeta¬ 
ble substances contained ih it. T his kind of water is in 
the highest degree pernicious to the human constitution, 
and capable of bringing on mortal diseases even by its 
smell. Quicklime put into water is useful to,preserve it 
longer sweet; or even exposure to the air in broad shal¬ 
low vessels. And putrid water may be in n great mea¬ 
sure sweetened, by passing a current of fresh air through 
it, from bottom to top. 

Rain Water may be considered as the purest distilled 
water, but impregnated during its passage through the 
air'with a considerable quantity of putrescent matter; 
whence it is superior to any other in fertilizing the earth. 
Hence also it is inferior for domestic purposes to spring 
or river water, even if it could be readily, procured: 
but such as is obtained from spouts placed below the roofs 
of houses, the common way of procuring it in this coun¬ 
try, is evidently very impure, and becomes putrid in a 
short time. 

River or Running Water, is next in purity to snow or 
distilled water; and for domestic purposes superior to 
both, in having less putrescent matter, und more fixed 
air. That however is much the purest that runs over a 
clean rocky or stony bottom. River waters generally 
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putrefy sooner than those of springs. During the putre¬ 
faction, they throw off a part of their heterogeneous mat¬ 
ter, and at length become sweet again, and purer than at 
first; aft. r which they commonly preserve a long time: 
this is remarkably the case with the Thames water, taken 
up about London ; which is commonly used by seamen, 
in their voyages. 

Salt Water, such as has much salt in it, so as to be 
sensible to the taste. 

Sea Water, or Water of the sea, is an assemblage of 
bodies, in which water can scarcely be said to have the 
principal part : it is an universal colluvies of all the bo¬ 
dies in nature, sustained and kept floating in water as a 
vehicle: being a solution of common salt, sal catbarticus 
amarus, a selenitic substance, and a compound of mu¬ 
riatic acid with magnesia, mixed together in various pro¬ 
portions. It may be freshened by simple distillation w ith¬ 
out any addition, and thus it has sometimes been useful 
in long voyages at sea. Sea water by itself has a pur¬ 
gative quality, owing to the salt it contains ; and lias been 
greatly recommended in scropbulous disorders. Sea 
water is about 3 paiCs in 100 heavier than common 
water ; and its temperature at great depths is from 3+ to 
40 decrees; but near the surface it follows more nearly 
the temperature of the air. 

Snow Water, is the purest of all the common waters, 
when the snow has been collected pure. Kept in a warm 
place, in clean glass vessels, not closely stopped, but. 
covered from*dust, Nc, snow water becomes in time pu¬ 
trid ; though in well-stopped bottles it remains unaltered 
for several years. But distilled water suffers no altera¬ 
tion in either circumstance. 

Spring Water is commonly impregnated with a small 
portion of imperlect neutral salt, extracted from the dif¬ 
ferent strata through which it percolates. Some contain 
a vast quantity of stony matter, which they deposit as 
they run dong, and thus form masses of stone ; sometimes 
incruslating various animal and vegetable matters, which 
they are therefore said to petrify. Spring water is much 
used for domestic purposes, and on account of its cool¬ 
ness is an agreeable drink ; but on account of its being 
usually somewhat hard, is inferior to that which hns run 
for a considerable way in a channel. Spring water arises 
from the rain, and from the mists and moisture in the at¬ 
mosphere. These fulling upon hills and other parts of 
the earth, soak into the ground, and pass along till they 
find a vent out again, in the form of a spring. 

Water -Bellows, in Mechanics, are bellows, for’blow- 
ipg a ir into furnaces, that are worked bj- the force of 
water; or air blown in by the fall of water. 

Water -Clock. See Clepsydra. 

Water -Engine, an engine for extinguishing fires ; or 
any engine tq raise water; or any engine moved by the 
force of water. See Enoine, and St BA u-Engine. 

Water rOage, an instrument for measuring the depth 
or quantity of any water. See Gage. 

Water -Level, is the true level which the surface of still 
water takes, and is the most correct of any. 

Water-L ogged, in Sea-Language, denotes the state of 
a ship when, by receiving a great quantity of water into 
her hold, by leuking, &c, she has become heavy and in¬ 
active upon the sea, so as to yield without rcsisiancc to 
the effort of every wave rushing over her deck. 

W at zb- Machine.' See Machine. 

Wat EH-Measure. Salt, sea-coal, &c, while on board 


vessels in the pool, or river, are measured with the corn- 
bushel heaped up; or else 5 striked pecks are allowed to 
the bushel. This is called water-measure ; and it exceeds 
Winchester measuie by about 3 gallons in the bushel. 

Water- Microscope. See Microscope. 

Water-.ViW. See Mill. 

Motion of Water, in Hydraulics. The theory of the 
motion of running water is one ot the principal objects of 
hydraulics, and to which many eminent mathematicians 
have paid their attention. But it were to be wished that 
their theories were more consistent with each other, and 
with experience. The inquisitive reader may consult 
Newton's Principia, lib. 2, pr. 36, with the comment. 
Dan. Bernoulli's Hydrodynamica. J. Bernoulli, Hy- 
draulica, Oper. tom. 4, pa. 389. Dr. Jurin, in the Philo«. 
Trans. No. 452. Gravesande, Physic. Klein. Matheinv 
lib. 3, par. 2. Maclaurin’s Flux. art. 537« Poleni de 
Custellis, Ximenes, D'Alembert, Bossu, Buat, and many 
others. 

But notwithstanding the labours of all these eminent 
authors, this intricate subject still remains in a great 
measure obscure and uncertain. Even the simple case of 
the motion of running water, when it issues from a hole 
in the bottom of a vessel, lias never yet been determined, 
so as to give universal satisfaction to the learned. On this 
head, it is now pretty generally allowed, that the velocity 
of the issuing stream, is equal to that which a heavy body 
acquires by lulling through the height of the fluid above 
the hole, as may be demonstrated by theory : but in prac¬ 
tice’, tlie quantity' of the effluent water is much less than 
what is given by this theory, owing to the obstruction to 
the motion in the hole, partly from the side’s of it, and 
partly from the different directions of the parts of the 
water in entering it. which thence obstruct each other’s 
motion. And this obstruction, and the diminution in the 
quantity of water run out, is still the more in proportion 
as the hole is the smaller; in such sort, that when the 
hole is very small, the quantity is diminished in the ratio 
of ^/2 to 1 very nearly, which is the ratio of the greatest 
diminution; and for larger apertures, the diminution is 
always less and less. This fact is ascertained, or admitted 
by Newton, and all the other philosophers above men¬ 
tioned, with some small variations. 

That the velocity of the water in the hole, or at least 
some part of it, as thnt for example in the middle of the 
stream, is equal to that above-mentioned, is even evinced 
by experiment, by directing the stream cither sideways, 
or upwards:- for in the former case, it is found to range 
upon an horizontal plane, a distance that just answers to 
that velocity, by the nature of projectiles; and in the 
latter case, the jet rises nearly to the height of the water 
in the vessel ; which it could not do, if its velocity were 
not equal to that acquired by the free descent of a body 
through that height. Hence it is evident then, that the 
particles of the water, which are in the hole at the same 
moment of time, do not all issue out with the same velo¬ 
city; and, in fact, the velocity is found to decrease all 
the way from the middle of the hole, where it is greatest, 
towards the side or edge, where it is the least. 

At a small distance from the hole, the diameter of the 
vein of water is much less than that of the aperture itself. 
Thus, if the diameter of the hole be 1, the diameter of the 
vein of water just without it, will be £4, or 0'84, accord¬ 
ing to Newton's measure, who first observed this pheno¬ 
menon ; and according to Poleni’s measure 0'78 nearly. 
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By tliu experiments of Buat (Principcs d'Hydrauliquc), 
tlie quantity by theory is to that by experiment, for a 
small aperture made in the thin side of a reservoir, as S 
to 5. When a short pipe is added to the hole outwards, 
of the length of two or three times its diameter, that ratio 
is as 16 to 13. And when the short pipe 
is all within side the vessel, as in the mar¬ 
gin, the same ratio becomes that of 3 to 2. 

Poleni also found that the quantity of water 
flowing through a pipe or tube, was much 
greater than that through a hole of the 
same diameter in the thin side or bottom 
of the vessel, the height of the head of water above each 
being the same. See also many other curious circum¬ 
stances in Buat’s Principcs above-mentioned. 

Some authors give this rule for finding the height due to 
the velocity in a flat orifice, or a medium among all the 
parts of it, such that this medium velocity being drawn 
into the area of the hole, shall give the quantity per second 
that runs through : viz, let a denote the area of the sur¬ 
face of the water in the vessel, a the area of the orifice by 
which the water issues, and n the height of the water 
above the orifice; then, as 2a — a : a : : H : A, the 
height due to the medium velocity, or the height from 
which a body must freely descend, by the force of gravity, 
to acquire that mean velocity. 

Authors are not yet agreed as to the force with which 
a vein of water, spouting from a round hole in the side of 
a vessel, presses on a plane directly opposed to the motion 
of the vein. Most authors agree, that the pressure of this 
vein, flowing uniformly, ought to be equal to the weight 
of a cylinder of water, whose base is equal to the orifice 
through which the water flows, and its height equal to the 
height of the water in the vessel above the hole. The ex¬ 
periments made by Mariotlc, arid others, seem to counte¬ 
nance this opinion. But Dan. Bernoulli /ejects it, and 
estimates this pressure by the weight of a column of the 
fluid, whose diameter is ecpial to the contracted vein 
(according to Newton's observation above-mentioned), and 
the height of which is equal to double the altitude due to 
the real velocity of the spouting water; and this pressure 
is also equal to tlie force of repulsion, arising from the 
reaction of the spouting water on the vessel. The inge¬ 
nious author remarks that he speaks only of single veins 
of water, the whole of which are received by the planes 
on which they press ; for as to the pressures exerted by 
fluids surrounding the bodies they press upon, ns the wind, 
or a river, the case is different, though confounded with 
the former by writers on this subject, llydrodynamica, 
pa. 289. 1 

Another rule however had been adopted by the Acade¬ 
micians of Paris, who made a number of experiments to 
confirm or establish it. Ilist. Acad. Paris, ann. 1679, 
sect. 3, cap. 5. 

D. Bernoulli, on the other hand, thinks his own theory 
is sufficiently established by the experiments he relates; 
for the particulars of which sec the Acta Pctropolitana, 
vol.8, pa. 122. This ingenious author is also of opinion 
that his theory of the quantity of the force of repulsion, 
exerted by a vein of spouting water, might be usefully ap¬ 
plied to<move ships by pumping; and he thinks the motion 
produced by this repulsive force would fall little, if at all, 
short of that produced by rowing. He has given bis rea¬ 
sons and .computations at length in his llydrodynamica, 
pa. 293 &c. - J J 



This science of the pressures exerted by water or other 
fluids in motion, is what Bernoulli calls Hydraulico-statica. 
This science differs from hydrostatics, which considers only 
the pressure of water and other fluids at rest; whereas 
hydraulico-statics considers the pressure of water in mo¬ 
tion. Thus the pressure exerted by water moving through 
pipes, upon the sides of those pipes, is an hydraulico-statical 
consideration, and has been erroneously determined by 
many, who have given no other rules in these cases, but 
such as are applicable only to the pressure of fluids at rest. 
See Hydrodynam. pa. 256 &c. , 

Water -Poise: See Hydrometer, and Areometer. 

Dr. I looke contrived a water-poise, which may be of 
good service in examining the purity &c of water. It con¬ 
sists of a round glass ball, like a bolt head, about 3 inches 
diameter, with a narrow stem or neck, the 24th of an inch 
in diameter; which being poised with red lead, so as to 
make it but little heavier than pure sweet water, and thus . 
fitted to one end of a fine balance, with a counterpoise at 
the other end ; on the least addition of even the 2000th 
•part of suit to a quantity of water, half an inch of the neck 
will emerge above the water. Philos. Trans. No. 197. 

Raising of Water, in Hydraulics. The great advan¬ 
tage of raising water by engines for the various purposes 
of life, is well known. Machines have in all ages been 
contrived with this view; a detail of the best of which, 
with the theory of their construction, would he very cu¬ 
rious and instructive. M. Bclidor has executed this in 
part in his Architecture Hydraulique. Dr. Dcsagulicrs 
has also given a description of several engines to raise water, 
in his Course of Experimental Philosophy, vol. 2; and 
there arc several other smaller works of the same kind. • 

Engines for raising water are either such as throw it up 
with a great velocity, ns in jets; or such as raise it from 
one place to another by a gentle motion. Forthe general 
theory of these engines, see Bernoulli's llydrodynamica. 
—Dcsagulicrs lias settled the muximum of engines for 
raising water, thus: A man with the best water engine can¬ 
not raise above one hogshead of water in a minute, 10 feet 
high, to hold it nil day ; but h<5 can do almost twice as 
much for a minute or two. 

\\ r atE it-Spoui, Sec Spout. 

Water- Wheel, on engine for raising water in great quan¬ 
tity out of a deep well, &c. See Persian-W7i«/. 

XVater-W w orks. Sec Raising qf. Water. 

WAVE, in Physics, a volume of water elevated by the 
action of the wind &c, upon its surface,* into a state of 
fluctuation, and accompanied by a cavity. The extent 
from the bottdm or lowest point of one cavity, and across 
the elevation, to the bottom of the next cavity, is the 
breadth of the wave. 

Waves are considered as of two kinds, which may he 
distinguished from each other by the names of natural and 
accidental waves. The natural waves arc those which are 
regularly proportioned in size to tlic strength of the wind 
which produces, them. The accidental waves are those 
occasioned by the wind's reacting on itself by repercussion 
from hills or high shores, and by the dashing of the waves 
themselves, otherwise of the natural kind, against jocks 
and shoals; by which means these waves acquire an 
elevation much above what they can have in their natural 
state. 

Boyle proved, by numerous experiments, that the most 
violent wind never penetrates deepet than 6 feet into the 
water: and it seems a natural consequence of this, that 
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the water moved by it can only be elevated to the same 
height of 6 feet from the level of the surface in a calm; 
and these 6 feet of elevation being added to the 6 ot ex¬ 
cavation, in the part from whence that water so elevated 
was raised, should give 12 feet for the utmost elevation 
of a wave. This is a calculation that does great honour 
to its author ; as many experiments and observations have 
proved that it is very nearly true in deep seas, where the 
waves arc purely natural, and have no accidental causes 
to render them larger than their just proportion. 

it is not to be understood however, that no wave of the 
sea can rise more than 0 feet above its natural level in open 
and deep water; for some vastly higher than these arc 
formed in violent tempests in the great seas. These how¬ 
ever are not to be accounted waves in their natural state, 
but as compound waves formed by the union ot many 
others ; for in these wide plains of water, when one wave 
is raised by the wind, and would elevate itself up to the 
exact height of 6 feet, and no more, the motion of the 
water is so creat, and the succession of waves so quick, 
that while this is rising, it receives into it several other 
waves, each of which would have been at the same height 
with itself; these run into the first wave one after another, 
as it is rising; by which means its rise is continued much 
longer than it naturally would have been, and it becomes 
accumulated to an enormous size. A number of these 
complicated waves rising together, and being continued in 
a long succession by the continuation of the storm, make 
the waves so dangerous to ships, which the sailors in their 
phrase call mountains high. 

Different waves do not disturb one another when they 
move in different directions. The reason is, that whatever 
figure thp surface of the water has acquired by the motion 
of the waves, there may in that be an elevation and de¬ 
pression ; as also sucli a motion as is required in the mo¬ 
tion of a wave. 

Waves arc often produced by the motion of a tremulous 
body, which also expand themselves circularly, though 
the body goes and returns in a right line ; for the water 
which is raised by the agitation, descending, forms a ca¬ 
vity, whigh is every where surrounded with a rising. 

The Motion of the Waves, is a subject which makes an 
article in the Newtonian philosophy ; that author having 
explained their motions, and calculated their velocity from 
mathematical principles, similar to the motion of a pen¬ 
dulum, and to the reciprocation of water in the two legs 
of a bcut and inverted syphon or tube. 

His proposition concerning such canal or tube is the 
44th of the 2d book of his Principia, and is this: “ If 
water ascend and descend alternately in the erected legs 
of a canal or pipe ; and a pendulum be constructed, whoso 
length between the point of suspension and the centre of 
oscillation, is equal to half the length of the water in the 
canal i then the water will ascend and descend in the same 
times in which the pendulum oscillates.." The author 
hence infers, in prop. 45, that the velocity of waves is in 
the subduplicate ratio of their breadths; and in prop. 46, 
he proceeds “ To find the velocity of waves," as follows : 
“ Let a pendulum be constructed, whose length between 
the point of suspension and the centre of oscillation is 
equal to the breadth of the waves; and in the time that 
the pendulum will perform one singlcoscillation.the waves 
will advance forward nearly a space equal to their breadth. 
That which I call the breadth of the waves, is the trans¬ 
verse measure lying between the deepest part of the hoi* 
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lows, or between the tops of the ridges. Let ABCbtr ic- 
present the surlace of stagnant water ascending and «'e- 
scending in successive waves; also let a, c, r, See, be the 



tops of the waves ; and b, n, r, See, the intermediate hol¬ 
lows. Because the motion of the waves is carried on by 
the successive ascent and descent of the water, so that the 
parts of it, as a, c, e. &c, which arc highest at one time, 
become lowest immediately after; and because the motive 
force, by which the highest parts descend and the lowest 
ascend, is the weight of the elevated water, that alternate 
ascent and descent will be analogous to the reciprocal mo¬ 
tion of the water in the canal, and observe the same laws 
as to the limes of its ascent and descent ; and therefore 
(by prop. 44, above-mentioned) if the distances between 
the highest places of the waves a, c, f., and the lowest n, 
D, k, be equal to twice the length of any pendulum, the 
highest parts a, c, r., will become the lowest in the time 
of one oscillation, and in the time of another oscillation 
w ill ascend again. Therefore between the passage of each 
wave, the time of two oscillations will intervene; that is, 
the wave will describe its breadth in the time that the 
pendulum will oscillate tw ice ; but a pendulum of 4 times 
that length, and which therefore is equal to the breadth of 
the waves, will just oscillate once in that time. 3. E. /. 

“ Corol. 1. Therefore waves, whose breadth is equal to 
39£ inches, or 3 feet, will advance through a space equal 
to their breadth in one second of time ; and therefore in 
one minute they will go o\or a space ot I95J feel; and in 
an hour a space of 11737 feet, nearly, or 2 miles and al¬ 
most a quarter. 

“ Corol. 2. And the velocity of greater or less waves, 
will be augmented or diminished in the subduplicate ratio 
of their breadth. 

“ These things (Newton adds) arc true on the supposi¬ 
tion, that the parts of water ascend or descend in a right 
line ; but in fact, that ascent and descent is rather per¬ 
formed in a circle; and therefore I propose the time de¬ 
fined by this proposition as only near the truth. 

Stilling Waves by means cf Oil. This curious proper¬ 
ty, though well known to the ancients, as appears from the 
writingsof Pliny, was for many ages either quite unnoticed, 
or treated as fabulous by succeeding philosophers. Ot 
late it has, by means of l)r. Franklin, again attracted the 
attention of the learned ; though it appears, from some 
anecdotes, that seafaring people have always been acquaint¬ 
ed with it. In Martin’s description of the Western Islands 
of Scotland, we have the following passage: “ The stew¬ 
ard of Kilda, who lives in Pabbay, is accustomed, in tunc 
of a storm, to tie a bundle of puddings, made of the lat 
of sea-fowl, to the end of his cable, and let it fall into the 
sea behind his rudder. This, lie says, hinders the waves 
from breaking, and calms the sea." Mr.Pennant, in his 
British Zoology, vol.iv, under the article Seal, takes no¬ 
tice, that when these animals are devouring a very oily 
fish, which they always Ao under water, the waves above 
arc remarkably smooth ; and by this mark the fishermen 
know whereto find them. Sir Gilbert Lawson, wlioscrvcd 
long in the army at Gibraltar, assured Dr. Franklin, that 
the fishermen in that place arc accustomed to pour a little 
oil on the sea, in order to still its motion, that they may 
bcenabledto see the oysters lying at its bottom, which are 
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there very large, and which they Lake up with a proper in¬ 
strument. A similar practice obtains among fishermen 
in various other parts, and Dr. Franklin was informed by 
an old sea-captain, that the fishermen of Lisbon, when 
about to return into the river, if they saw too great a surt 
on the bar, would empty a bottle or two of oil into the 
sea, which would suppress the breakers, and allow them 
to pass freely. 

The doctor having resolved in his mind all these pieces 
of information, became impatient to try the experiment 
himself. At last having an opportunity ot observing a 
large pond very rough with the wind, lie dropped a small 
quantity of oil into it. But having at first applied it on 
the lec-side, the oil was driven back again upon the shore. 
He then went to the windward side, and poured on about 
a tea-spoon-full of oil ; this produced an instant culm over 
a space several yards square, which spread amazingly, and 
extended itself gradually till it came to the lee-side; ma¬ 
king all that quarter of the pond, pci haps half an acre, 
as smooth as glass. This experiment was often repeated 
in different places, and always with success. Our author 
accounts for it in the following manner: 

“ There seems to be no imturul repulsion between water 
and air, to keep them from coming into contact with each 
other. Hence we find a quantity of air in water; and il 
we extract it by means of the air pump, the same water 
again exposed to the air will soon imbibe an equal quan¬ 
tity.—Therefore air in motion, which is wind, in passing 
over the smooth surface of water, may rub ns it were upon 
that surface, and raise it into wrinkles ; which, if the wind 
continues, are the elements of future waves. The small¬ 
est wave once raised docs not immediately subside and 
leave the neighbouring water quiet; hut in subsiding 
raises nearly as much of the water next to it, the friction 
of the parts making little difference. Thus a stone dropped 
into a pool raises first n single wave round itself, and leaves 
it, by sinking to the bottom; but that first wave subsiding 
raises a second, the second a third, and so on in circles to 
a great extent.’ 

“ A small power continually operating, will produce a 
great action. A finger applied to a weighty suspended 
bell, can at first move it but little; if repeatedly applied, 
though with no greater strength, the motion increases till 
the bell swings to its utmost height, and with a force that 
cannot be resisted by the whole strength of the arm and 
body. Thus the small first raised waves being continual¬ 
ly acted on by the wind, arc, though the wind docs not in¬ 
crease in strength, continually increased in magnitude, 
rising higher and extending their bases, so as to include a 
vast mass of water in each wave, w hich in its motion dels 
with great violence. Blit if there be a mutual repulsion 
between the particles of oil, and no attraction between oil 
and water, oil dropped on water will not he held together 
by adhesion to the spot whereon it fulls ; it will not be im¬ 
bibed by the water; it will be at liberty to expand itself; 
and it will spread on a surface that, besides being smooth 
to the must perfect degree of polish, prevents, perhaps by 
repelling the oil, all immediate contact, keeping it at a 
minute distance from itself; and the expansion will con- 
/ tinuc, till the mutual repulsion between the particles 
of the oil is weakened and reduced to nothing by their 
distance. 

“ Now I imagine that the wind blowing over water thus 
covered with a film of oil cannot easily catch upon it, so 
as to raise the first wrinkles, but slides over it, and leaves 
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it smooth as il finds it. It moves the oil a little indeed, 
which being between it and the water, serves to slide with, 
and prevents friction, as oil docs between those parts of a 
machine that would otherwise rub hard together. Hence 
the oil dropped on the windward side of a pond proceeds 
gradually to leeward, as may be seen by the smoothness it 
carries with it quite to the opposite side. For the wind 
being thus prevented from raising the first w rinkles that I 
call the elements of waves, cannot produce waves, which 
are to be made by continually acting on and enlarging 
those elements; and thus the whole pond is calmed. 

“ Totally therefore we might suppress the waves in any 
required place, if we Could come at the windward place 
where they take their rise. This in thcoccan cun seldom 
if ever be done. But perhaps something may be done on 
particular occasions to moderate the viole nce of the waves 
when we arc in the midst ot them, and prevent their 
breaking when that would be inconvenient. For when the 
wind blows fresh, there are continually rising on the back 
of every great wave a number of small ones, which roughen 
its surface, and give the wind hold, as it were, to push it 
with greater force. This hold is diminished by preventing 
the generation of those small ones. And possibly too, 
when u wave’s surface is oiled, the wind, in passing over it, 
may rather in some degree press it down, and contribute 
to prevent its rising again, instead of promoting it. 

“ This, us mere conjecture, would have little weight, if 
the apparent effects of pouring oil into the midst of waves 
were not considerable, and as yet not otherwise accounted 

for. ». 

“ When the wind blows so fresh, as that the wuves are 
not sufficiently quick in obeying its impulse, their tops, 
being thinner and lighter, are pushed forward, broken, and 
turned over in a white foam. Common waves lift a vessel 
without entering it; but these, when large, sometimes break 
above and pour over it, doing great damage. 

“ That this effect might in any degree be prevented, or 
the height and violence of waves in the sea moderated, we 
had no certain Account; Pliny’s authority for the practice 
of seamen in his time being slighted. But discoursing 
lately on this subject with his excellency Count Bcnlinck 
of Holland, his son the honourable captain Bentinck, and 
the learned professor Allemand (to all whom I showed the 
experiment of smoothing in a windy day the large piece 
of water at the head of the green pt*rk),a letter w as men¬ 
tioned which had been received by the count from Batavia, 
relative to the saving of a Dutch ship in a storm by pour¬ 
ing oil into the sea.” 

WAY of a Ship, is sometimes used for her wake or 
track. But more commonly the term is understood of the 
course or progress which she makes on the water under 
sail : thus, when she begins her motion, she is said to be 
under way ; when that motion increases, she i x s said to have 
fresh* way through the water; when she goes apace, they 
say she has a good way; and the account of her rate of 
sailing by the log, they call, keeping an account of her 
way. And because most ships are apt to fall a little to 
the leeward of their true course, it is customary, in cast¬ 
ing up the log-board, to allow something for her let-ward 
way, or leeway. Hence also a ship is said to have head¬ 
way, and stern-way. . 

WAY-WISER, an instrument for measuring t|je road, 
or distance travelled ; called also Peu ambulator, and 
Pedometer. See these two articles. . 

Mr. Lovell Edgworth communicated to the Society of 
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Arts, &c, an account of a way-wiscr of his invention ; for 
which he obtained a silver medal. This machine consists 
ofa nave, formed of two round flat pieces of wood, 1 inch 
thick and 8 inches in diameter. In each of the pieces 
there are cut eleven grooves, ^ of an inch wide, and | deep ; 
and when the two piecesare screwed together, they enclose 
eleven spokes, forming a wheel of spokes, without a run ; 
the circumference of the wheel is exactly one pole ; and 
the instrument may be easily taken to pieces, and put up 
in a small compass. On each of the spokes there is driven 
a fcrril, to prevent them from wearing out ; and in the 
centre of the nave, there is a square hole to receive an 
axle. Into this hole is inserted an iron or brass rod, which 
has the thread of a very fine screw worked upon it from 
one end to the other ; upon this screw hangs a nut which, 
as the rod turns round with the wheel, advances towards 
the nave of the wheel or recedes from it. The nut does 
this, because it is prevented from turning round with the 
axle, by having its centre of gravity placed at some di¬ 
stance below the rod, so as always to hang perpendicu¬ 
larly like a plummet. Two sides of this screw are filed 
away flat, and have figures engraved on them, to show by 
the progressive motion of the nut, how many circumvolu¬ 
tions of the wheel and its axle have been made: on one 
side the divisions of miles, furlongs, and poles are in a di¬ 
rect order, and on flip other side the same divisions arc 
placed in a retrograde order. 

If the person who uses this machine places it at his 
r'ujlit hand side, holding the axle loosely in his hands, and 
walks forward, the wheel will revolve, and the nut ad¬ 
vance front the extremity of the rod towards the nave of 
the wheel. When two miles have been measured, it will 
have come close to the wheel, But to continue this 
measurement, nothing more is necessary than to place the 
wheel at the left hand of the operator ; and the nut will, 
as he continues the course, recede from the axle-tree, till 
another space of two miles is measured. 

It appears, from the construction of this machine, that 
it operates like circular compasses ; and docs not, like 
the common wheel way-wiscr, measure the surface of 
every stone and molehill, &c, but passes over most of the 
obstacles it meets with, and measures the chords only, 
instead of the arcs of any curved surfaces upon which 
it rolls. 

WEATHER, denotes the state or disposition of the at¬ 
mosphere, with regard to heat and cold, drought and 
moisture, fair or foul, wind, rain, hail, frost, snow, fog, 
&c. bee Atmosphere, Hail, Heat, Frost, Rain 9 &c. 

There docs not appear in all philosophy any circum¬ 
stance of more immediate concern to us, than the state of 
the weather; a«*it isin, and by mcansof the atmosphere, that 
all plants are nourished, and all animals live and breathe; 
and as any alterations in the density, heat, purity, &c, of 
that, must necessarily be attended with proportionable 
ones in the state of these. •' 

The great, but regular alterations, a little change of 
weather produces in many parts of inanimate matter, 
6very person knows, from the common instance of baro¬ 
meters, thermometers, hygrometers, &c ; and it is owing 
partly to our inattention, and partly to our unequal and 
intemperate course of life, that we also, like many other 
animals, do not feel ns great and as regular ones in the 
tubes, chords, and fibres of our own bodies. 

To establish a proper theory of the weather, it would be 
necessary to have registers carefully kept in divers parts 
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of the globe, for a long series of years; from which we 
might be enabled to determine the directions, breadth, and 
hounds of the winds, and of the weather they bring with 
them ; with the correspondence between the weather ot 
divers places, and the difference between one kind and 
another at the same place. We might thus probably in 
time learn to foretell many great emergencies; as, extra¬ 
ordinary heats, rains,, frosts, droughts, dearths, and even 
plagues, and other epidemical diseases, &c. 

It is however but very few, and partial registers or ac¬ 
counts of the weather, that have been kept. 1 he Royal 
Society, the French Academy, and a few particular phi¬ 
losophers, have at times kept such registers as their fancies 
have dictated, but never a regular and correspondent se¬ 
ries in many different places, at the same time, followed 
with particular comparisons and deductions from the 
whole, &c. The mostof what has been done in this way, 
is as follows : The volumes of the Philosophical 1 rans- 
actions from year to year ; the same, for instructions and 
examples pertaining to the subject, vol. 65, part 2, art. 
10 ; Eras. Bartholin has observations of the weather for 
every day in the year 1671 ; Mr. W. Merle made the like 
at Oxford, for 7 years ; Dr. Plot did the same at the 
same place, for the year 1684; Mr. Millier, at Cape Corse, 
for the years 16*86 and 16S7 ; Mr. Hunt and others at 
Gresham College, for the years 1695 and l6yb; Dr. Dcr- 
hani at Upminster in Essex, for the years 1691, 1692, 
1697, 1698, 16*99, 1703, 1704, 1705; Mr.Townley, in 
1 Lancashire, in 1697, 1698; Mr. Cunningham, at Emin in 
China, for the years 1698, 1699. 1700, 1701 ; Mr.Locke, 
at Oats in Essex, 16*92 ; Dr. Scheuchzer, at Zurich, 

‘ 1 70S; and Dr. Tilly, at Pisa, the same year; professor 
Toaldo, at Padua, for many years; Mr. T. Barker, at 
Lyndon, in Rutland, for many years in the Philos. Trans. : 
Mr. Dalton for Kendal, and Mr. Crosthwaitc for Keswick, 
in the years 1788 , 1/89* 1790, 179 L 1792, &c ; and se¬ 
veral others. The register now kept, for many years, in 
the Philos. Trans, contains an account, two times every 
day, of the thermometer, barometer, hygrometer, quan¬ 
tity of rain, direction and strength of the wind, and ap¬ 
pearance of the atmosphere, as to fair, cloudy, foggy, 
rainy, &c. And if similar registers were kept in many 
other parts of the globe, and printed in such-like public 
transactions, they might readily be consulted, and a pro¬ 
per use made of them, for establishing this science on the 

true basis of experiment. : 

From many experiments, sopic general observations 
have been mn«le, as follow : That barometers generally rise 
and fall together, even at very distant places, and a conse¬ 
quent conformity and similarity of weather; but this is 
the more uniformly so, as the places are nearer together, 
ns ipight be expected. That the variations of the baro¬ 
meter are greater, as the places are nearer the pole ; thus, 
for instance, the mercury at London has a greater range 
by 2 or 3 lines than at Paris ; and at Paris, a greater than 
at Zurich ; and at some places near the equator, there is 
scarcely any variation at all. That the rain in Switzer¬ 
land and Ituly is much greater in quantity, for the whole 
year, than in Essex ; and yet the rains are more frequent, 
or there are more rainy days, in Essex* than at cither of 
those places. That cold contributes greatly to rain ; and 
this apparently by condensing the suspended vapours, and 
so causing them to descend: thus, very cold months, or 
seasons, are commonly followed immediately by very rainy 
ones ; and cold summers arc always wet ones. That high 
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ridges of mountains, as the Alps, and 
which they are covered, not only affect the neighbouring 
places by the colds, rains, vapours, &c, which they pro¬ 
duce ; but even distant countries, as England, often partake 
of their effects. Sec a collection of ingenious and me¬ 
teorological observations and conjectures, by Dr. Frank¬ 
lin, in his Experiments, &c, pa. 182, &c. Also a Me¬ 
teorological Register kept at Mansfield Woodhouse, from 
1784 to 1794, Nottingham 1795, 8vo ; and Kirwin’s in¬ 
genious papers on this subject in the 1 ransactions ot the 
Irish Academy, vol. 5. See also the articles Evapora¬ 
tion, Rain, and Win d. 

Other Prognostics and Observations, are as follow : 

That a thick dark sky, lasting for some time, without 
cither sun or rain, always becomes first tail', and then foul, 
j.e. it changes to a fair clear sky, before it turn* to rain. 
And the reason is obvious: the atmosphere is replete with 
vapours which, though sufficient to reflec t and intercept the 
sun's rays from us, yet want density to descf-nd ; ami while 
the vapours continue in the same state, the weather will 
do so too : accordingly, such weather is commonly attend¬ 
ed with moderate warmth, and with little or no wind to 
disturb the vapours, and a heavy atmosphere to sustain 
them ; the barometer being commonly high ; but when 
the cold approaches, and by condensing the vapouis drives 
them into clouds or drops, then way is made for the sun 
beams; till the same vapours, by farther condensation, be 
formed* into rain, and fall down in drops. 

That a change in the w armth of the weather is followed 
by a change in the w ind. Thus, the northerly and south¬ 
erly winds, though commonly accounted the tauses of 
cold and warm weather, are really the effects of the cold 
or warmth of the atmosphere ; of w hich Dr. Derham as¬ 
sures us he had so many confirmations, that he makes no 
doubt of the fact. Tlvus, it is common to observe a warm 
southerly wind suddenly changed to the north, by the fall 
of snow or hail; or to have the wind, in n cold frosty 
morning, north, when the sun has well warmed the air, 
shift towards the south ; and again turn northerly or 
easterly in the cold evening. 

That most vegetables expand their flowers and down in 
sunshiny weather: and towards the evening, and against 
rain, close them again ; especially at the beginning of their 
flowering, when their seeds are tender and sensible. This 
is visible enough in the down of dandelion, and other 
downs ; and eminently so in the flowers of pimpernel; the 
opening and shutting of which make what is called the 
countryman’s weather-wiser, by which he foretels the 
weather of the following day. The rule is, when the 
flowers arc close shut up, it betokens rain, and foul wea¬ 
ther; but when they arc spread abroad, fair weather. 

The stalk of trefoil, lord Bacon observes, swells against 
rain, and grows more upright; and the like may be ob¬ 
served, though less sensibly, in the stalks of most other 
plants. He adds, that in the stubble fields there is found 
a small red flower, called by the country people pimper¬ 
nel, which, opening in a morning, is a sure indication of a 
fine day. • 

It is very conceivable that vegetables should be affected 
by the same causes as the weather, as they may bo consi¬ 
dered as so many hygrometers and thermometers, consist¬ 
ing of an infinite number of trachece, or air-vessels; by 
which they have an immediate communication with the 
air, and partake of its moisture, heat, &c. 

Hence it is, that every kind of wood, even the hardest 
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the snows with and most solid, swells in 


moist weather; the vapours 
easily insinuating themselves into the pores, especially ot 
the lighter and drier kinds. And hence is derived a very 
extraordinary use of wood, viz, for bieaking rocks or mil- 
stones. The method at the quarries is this : Having cut 
a rock into the form of a cylinder, the workmen divide it 
into several thinner cylinders, of horizontal courses, by 
making holes at proper distances round the great one; 
into these holes they drive piece's of sallow wood, dried in 
an oven; these in moist weather, imbibing the humidity 
from the air, swell, and, acting like wedges, they break or 
cleave the rock into several flat stones. And, in like man¬ 
ner, to separate large blocks of stone in the quarry, they 
wedge such pieces of wood into hoh s, fornting the block 
into the intended shape, and then pour water upon the 
wedges, to produce the effect more immediately. 

Wr.ATiiER-G7oss«, are instruments contrived to show 
the stale of the atmosphere, ns to heat, cold, moisture, 
weight, &c ; and so to measure the changes that take place 
in those respects; by which means wc are enabled to pre¬ 
dict the alteration of weather, ns to ruin, wind, host, fvc. 
—Under the class of weather-glasses, are comprehended 
barometers, thermometers, hygrometers, manometers, and 
anemometers. 

WEDGE, in Geometry, is a solid, having a rectangular 

base, and two of its opposite sides end- A| __ 

ing in an acies or edge. Thus, ad is 
the rectangular base; and DC the edge; 
a perpendicular ce, front the fcdge to 
the base, is the height of the wedge. 

When the length of the edge dc is 
equal to the length of the base bp, 
which is the most common form of if, 
the wedge is equal to half a rectangular 
prism of the same base ab and height 
ec ; or it is then a whole triangular. 
prism, having the triangle bcg lor its 
base, and ao or DC for its height. 

If the edge be more or less than ao, its solid content will 
also be more or less. But, in all coses of the wedge, 
the following is a general lulc for finding the content of 

To twice the length of the base udd the length of the 
edge, multiply the sum by the breadth of the base, and 
the product by the height of the wedge; then £ of the 
last product will be the solid content. 

That is, (2ao -+- dc) x af x £ ec = the content. 
See this rule demonstrated, and illustrated with exam¬ 
ples, in my Mensuration, pa. 141, 4th edition. - 

Wedge, in Mechanics, one of the five mechanical 
powers, or simple engines; being a geometrical wedge, or 
very acute triungular prism, upplied to the splitting of 
wood,' or rocks, or raising great weights. 

This machine is mude of icon, or some other hard 
matter, and applied to the raising of vast weights, or sepa-' 
rating very firm blocks of wood or stone, by introducing 
the thin edge of the wedge, and driving it in by blows 
struck upon the back by hammers or mallets. . 

The wedge is the most powerful of all the simple ma- 
chines, having an almost unlimited and double advantage 
over all the other simple mechanical powers; both as it 
may be made vastly thin, in proportion to its height; m 
which consists its own natural power; and as it is urged 
by the force of percussion, or of smart blows,- which is a 
force incomparably greater than any mere dead weight or 
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pressure, such as is employed on other machines. Ami 
accordingly we find it produces effects vastly superior to 
those of any other power whatever; such as the splitting 
and raising the largest and hardest rocks ; or even the 
raising and lifting the largest ship, by driving a wedge 
under it; which a man can do by the blow of a mallet: 
and thus, the small blow of a hammer, on the Lack of a 
wedge, appears to be incomparably greater than any mere 
pressure, and will overcome it. 

To the wedge may be referred all edge-tools, and in¬ 
struments that have a sharp point, in order to cut, cleave, 
slit, split, chop, pierce, bore, or the like; as knives, 
hatchets, swords, bodkins, &c. 

In the wedge, the friction against the sides is very great, 
at l-ast equal to the force to he overcome; because the 
wedge retains any position to which it is driven; and 
therefore the resistance is at least doubled by the friction. 

Authors have been of various opinions concerning the 
principle from which the wedge derives its power. Ari¬ 
stotle considers it us two levers of the first kind, inclined 
towards each other, and acting in opposite directions. 
Guido Ubaldi, Mersenne, &c, "ill have them to be levers 
of the second kind. But Delanis shows, that the wedge 
cannot be reduced to any lever at all. Others refer the 
wedge to the inclined plane. And others again, with De¬ 
stair" will hardly allow the wedge to have any force at all 
in itself; ascribing much the greatest part to the mallet 
which drives it. 

The doctrine of the force of the wedge, according to 
some writers, is contained in this proposition: “ If a 
power directly applied to the head of a wedge, be to the 
resistance to be overcome, as the breadth of die back on. 
is to the height F.c ; then the power will be equal to the 
resistance; and if increased, it will overcome it. ' 

But Dcsagulicrs has proved that, when the resistance 
acts perpendicularly against the sides of the wedge, the 
power is to the whole resistance, as the thickness ol the 
back is to the length of both the sides taken together. 
And the same proportion is adopted by Wallis (Op. Math, 
vol. 1, pa. 1016), Keill (Intr. ad Vcr. Phys.), Gravcsandc 
(Klein. Math. Lib. 1, cap. 14), and by almost all the mo¬ 
dern mathematicians. Gravcsandc indeed distinguishes 
the inode in which the wedge acts, into two cases, one in 
which the parts of a block of wood, &c, are separated far¬ 
ther than the edge has penetrated to, and the other in 
which they have not separated farther: In his Scholium 
dc Ligno findendo (ubi supra), lie observes, that when the 
purts°of the wood are separated before the wedge, the 
equilibrium will be when the force by which it is pushed 
in, is to the resistance of the wood, as 
the line de drawn from the middle of 
the base to the side of the wedge but 
perpendicular to the separated side of 
the wood fg continued, .is to the 
height of the wedge dc ; but when the 
parts of the wood are separated no 
farther than the wedge is driven in, 
the equilibrium will be, when the 
power is to the resistance, as the half 

base ad, is to its side ac. 

Mr. Ferguson, in estimating the proportion of equili¬ 
brium in the two cases last mentioned by Gravcsande, 
agrees with this author, and other modern philosophers, 
in the latter case; but in the former he contends, that 



when the wood cleaves to any distance before the wedge, 
as it generally does, then the power impelling the wedge, 
will be to the resistance ol the wood, as half its thickness, 
is to the length of either side of the cleft, estimated Irom 
the top or acting part of the wedge: tor, supposing the 
wedee to be lengthened down to the bottom ol the cleft, 
the power will be to the resistance, as hall the thickness 
of the wedge is to the length of either ol its sides. See 
Ferguson's Loct. pa. 40, 6tc, 4to. See also Dcsagu. 
Exp. Phil. vol. I, pa. 107 ; and Ludlams Lis soy on the 
Power of the Wedge, printed in 1770; «.\;c. 

The generally acknowledged property of the wedge, and 
the simplest way of demonstrating it, may he the tallow¬ 
ing: When a wedge l* kept in cquilibrio, the power act¬ 
ing against the back, to the force acting perpendicu¬ 
larly against cither side, as the breadth ol the back ad, is 
to the length of the side ac or dc — Demomtra. For any 
three forces which sustain one another in equilihrio, are 
as the corresponding sides of a triangle that are drawn 
perpendicular to the directions in which the forces act. 
Hut ad is perpendicular to the force acting on the back, 
to drive the wedge forward ; and the sides ac and bc are 
perpendicular to the forces acting on them ; therefore 
the three forces are as the said lines ad, ac, bc. 

Hence, the thinner a wedge is, the greater is its effect, 
in splitting any body, or in overcoming any resistance 
against the side of the'wedge. 

WEDNESDAY, the 4th day of the week, formerly 
consecrated by the inhabitants ot the northern nations to 
Woden or Oden; who, being reputed the author of magic, 
and inventor of all the arts, was thought to answer to the 
Mercury of the Greeks and Romans, in honour ol whom 
the same day was by them called nit's Mercuni ; and 
hence it is denoted by astronomers by the character ol 
Mercury J . 

WEEK, a division of time that comprises seven days. 

The origin of this division of weeks, oc of computing 
time by sevenths, is much controverted. It hus oiien 
been thought to have taken its rise from the four quarters 
or intervals of the moon, between her changes ol phuses, 
which, befog about7 days distant, gave occasion to the di¬ 
vision : but others more probabl) from the seven planets. 

Bc this however as it may, the division is certainly very 
ancient. The Syrians, Egyptians, und most of the oriental 
nations, appear to have used it from the earliest ages: 
though it did not get footing in the west till introduced by 
Christianity. The Romans reckoned their days not by 
sevenths, but by ninths; and the ancient Greeks by de- 
cads, or tenths; in imitation of which the new Frencn ca¬ 
lendar seems to have been framed. 

The Jews divided their time by weeks, of 7 days each, 
as prescribed by the law of Moses; in which they were 
appointed to work 6 days, and to rest the 7th, in com¬ 
memoration of the creation, which being effected in 6 
days, God rested on the 7th. 

Sonic authors will even have the use of weeks, among 
the other eastern nations, to have proceeded from the 
Jews; but with little appearance of probability. It is 
with better reason that others suppose the use of weeks, 
among the eastern nations, to be a remnant ol the tradi¬ 
tion of the creation, winch they had still retained with 
divers others; or eUe from the number ol the planets. 

The Jews denominated the da\s of the week, the first, 

second, third, fourth, and filth; and the sixth day they 

a. n o 
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named the preparation of the sabbath, or 7th day, which 
answered to our Saturday. And the like method is still 
kept up by the Christian Arabs, Persians, Ethiopians, &c. 

The unriont heathens denominated the days of the week 
from tin seven planets; which names arc still mostly re¬ 
tained among the Christians of the west: thus, the first 
day was called dies solis, sun-day; the 2d dies lunsc, 
moon-day; &c; a practice the more natural on Dions 
principle, that the Egyptians took the division of the week 
itself from the seven planets. 

In iact, the true reason for these denominations seems 
to be founded in astrology. For the astrologers distribut¬ 
ing the government and direction of all the hours in the 
week among the seven planets, bV^O!5hs° as 
that the government of the first hour of the first day fell 
to Saturn, that of the second day to Jupiter, &c, they 
gave each day the name of the planet which, according 
to their doctrine, presided over the first hour of it, and 
that according to the order above stated. So that the 
order of the planets in the week bears little relation to 
that in which they follow in the heavens; the former 
being grounded on an imaginary power each plunct has, 
in its turn, on the first hour of each day. 

Dion Cassius gives another reason for the denomination, 
drawn from the celestial harmony. For it being observed, 
that the harmony of the diatessaron, which consists in the 
ratio of 4 to 3, is of great force and efleet in music ; it 
was thought proper to proceed directly from Saturn to 
the Sun ; because, according to the old system, there arc 
three planets between Saturn and the Sun, and 4 from the 
Sun to the Moon. 

Our Saxon ancestors, before their conversion to Chris¬ 
tianity, named the seven days of the week from the sun 
and moon and some of their deified heroes, to whom they 
were peculiarly consecrated, and representing the ancient 
gods or planets ; which names we have received and still 
retain : Thus, Sunday was devoted to 
the Sun; Monday to the Moon; Tucs- O Sunday 
day to Tuisco ; Wednesday to Woden ; fl Monday 
Thursday to Thor, the thundcrcr ; Fri- S Tuesday 
day to Friga or Friya of Frceu, the wife $ Wednesday 
of Thor; and Saturday to Seatcr. And % Thursday 
nearly according to this order, the mo- ? Friday 
dern astronomers express the days of I? Suturday 
the week by the seven planets as annexed. 

In the same order and number also do these obtain in 
the Hindu days of the week. Sec Kindcrsley’s Specimens 
of Hindu Literature, just published, 8vo. 

WE1DLER (John Frederick) was professor of ma¬ 
thematics at Wittembcrg. Besides a number of commu- 
nications to the Royal Society, contained in vols. 30', 38, 
39, 40, 41, of the Philos. Trans, he was author of several 
separate works : as, 1. Instilutioncs Mathematical, in Svo, 
1725. This is u very thick volume, and contains a general, 
though concise course, of all the mathematical sciences. 

2. Obscrvationes Meteorologies: ct Astronomic®, 1729* 

3. Historia Astronomica, in 4to, 1741. 

WEIGH, Way, or Wey, a weight of cheese, wool, &c, 
containing 256 pounds avoirdupois. Of corn, the weigh 
contains 40 bushels; of barley or malt, 6 quarters. 

WEIGHT, or Gravity, in Physics, a quality in nntural 
bodies, by which they tend towards the centre of the 
earth: and it is equal to the effort necessary to prevent 
a body from falling. See Gravity. 
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Weight, like gravity, may be distinguished into absolut e 
specific, and relative. Newton demonstrates, 1. That 
the weights of all bodies, at equal distances from the 
centre of the earth, are directly proportional to the quan¬ 
tities of matter that each contains : Whence it follows, 
that the weights of bodies have no dependence on their 
shapes or textures; and tliul all spaces arc not-equally 
lull of matter. 

2. On different parts of the earth’s surface, the weight 
of the same body is different; owing lo the spheroidal 
figure of the earth, which causes the body on the surface 
to be nearer the centre in going from the equator towards 
the poles: and the increase in the weight is nearly in pro- 
portion to the versed sine of double the latitude; or, 
which is the same thing, to the square ol the right 
sine of the latitude: the weight at the equator to that 
at the pole, being as 229 to 230 ; or the whole increase of 
weight from the equutor to the pole, is the 229 th pari of 
the former. 

3. That the weights of the same body, at different dis¬ 
tances above the earth, are inversely as the squares of the 
distances from the centre. So that, a body at the distance 
of the moon, which is 6‘0 semidiameters from the earth’s 
centre, would weigh only the 36'00tb part of what it weighs 
at the earth’s surface. 

4. That at different distances within the earth, or below 
the surface, the weights of the same body are directly as 
the distances from the earth’s centre: so that, at half way 
toward the centre, a body would weigh hut half as much, 
and at the very centre it would have no weight at all. 

5. A body immersed in a fluid, which is specifically 
lighter than itself, loses so much of its weight, as is equal 
to the weight of a quantity of the fluid of the same bulk 
with itself, lienee, a body loses more of its weight in a 
heavier fluid ihan in a lighter one: and therefore it weighs 
more in a lighter fluid than in a heavier one*. 

The weight of n cubic foot of pure water, is 1000 
ounces, or 62{ pounds, avoirdupois. And the weights of 
the cubic foot-of other bodies, are as set down’ under the 
article Specific Gravity. 

In the Philos. Trans. (No. 458, pa. 457 &c) is con¬ 
tained some account of the analogy between English 
weights and measures, by Mr. Barlow. He states, that 
anpiently the cubic foot of water was ussumed ns a general 
stnndurd for liquids. Tins cubic foot, of 6'2| lb, multi¬ 
plied by 32, gives 2000, the weight of a ton : and hence 
8 cubic feet of water made a hogshead, and 4 hogsheads 
a tun, or ton, in cupacity and denomination, as well as 
weight. 

Dry measures were raised on the same model. A bushel 
of wheat, assumed ns a general standard for all sorts of 
grain, also weighed 6'2-5-lb. Eight of these bushels make 
a quarter, and 4 quarters, or 32 bushels, a ton weight. 
Coals were sold by the chaldron, supposed to weigh a ton, 
or 2000 pounds; though in reality it weighs*perhaps up¬ 
wards of 3000 puunds. 

Hence a ton in weight is the common standard for 
liquids, wheat, and coals. Hud this analogy bi-cu ad¬ 
hered to, the confusion now complained of would have 
been avoided.—It may reasonably be supposed that corn 
and other commodities, both dry and liquid, were first 
sold by weight; and that measures, for convenience, were 
afterwards introduced, as bearing some analogy to tin? 
weights before used.. 


« 
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Weight, Pondus, in Mechanics, denotes any thing 
to be raised, sustained, or moved by a machine ; or any 
thing that in any manner resists the motion to be produced. 
In all machines, there is a natural and fixed ratio between 
the weight and the moving power; and it they be such as 
to balance each other in equilibrio, and then the machine 
be put in motion by any other force; the weight and 
power will always be reciprocally as the velocities ot them, 
or of their centres of gravity ; or their momentums w ill be 
equal, that is, the product of the weight multiplied by its 
velocity, will be equal to the product ol the power mul¬ 
tiplied by its velocity. 

Weight, in Commerce, denotes a body of a known 
weight, appointed to be put into a balance against other 
bodies, whose weight is required to be known. These 
weights arc usually of lead, iron, or brass; though in se¬ 
veral parts of the East Indies common flints are used ; and 
in some places a sort of little beans. The diversity of 
weights, in all nations, and at all times, makes one of the 
most perplexing circumstances in commerce, &c. And 
it would be a very great convenience if all nations poulil 
agree on a universal standard, and system, both ot weights 
and measures. 

Weights may he distinguished into ancient and modern, 
foreign and domestic. 

Modern Weights, used in the several parts of Europe, 

and the Levant. 

English Weights. By the 27 th chapter of Magna 
Cliarta, the weights arc to be the same all over England : 
but for different commodities there are two different kinds, 
viz, troy weight, and avoirdupois weight. 

The origin from which both of these arc raised, is the 
grain of wheat, gathered in the middle of the ear : 

32 of these, well dried, made one pennyweight, 

20 pennyweights - - one ounce, and 

12 ounces ----- one pound troy; 
by Stal. 51 Hen. Ill; 31 Edw. I; 12 Hen. VII. 

A learned writer has shown that, by the. laws of assize, 
from William the Conqueror to the reign of Henry VII, 
the legal pound weight contained a pound of 12 ounces, 
raisrd from 32 grains of wheat; and the legal gallon mea¬ 
sure contained 8 of those pounds of wheat, 8 gallons mak¬ 
ing the bushel, and 8 bushels the quarter. 

Henry VII. altered the old English weight, and intro¬ 
duced the troy pound in its stead, being 3 quarters of an 
ounce only heavier than the old Saxon pound, or l-16th 
heavier. The first statute that directs the use of the avoir¬ 
dupois weight, is that of 24 Henry VIII ; and the parti¬ 
cular use to which this weight is.thus directed, is simply 
for weighing butcher's meat in the market; though it is 
now used for weighing all kinds of coarse and large articles. 
Thtf pound contains 7000 troy grains; while the troy 
pound itself conlnins only 5760 grains, and the old Saxon 
pound weight but 5400 graius. Philos. Trans, vol. 65, 

art. 3* . , 

Hence there are now in common use in England, two 

different weights, viz, troy weight, and avoirdupois weight, 
ihe former being employed in weighing such fine article# 
as jewels, gold, silver, silk, liquors, &c: aryl the latter for 
coarse and heavy articles, as bread, corn, flesh, butter, 
cheese, tallow, pitch, tar, iron, copper, tin, Sec, and all 
grocery wares. And Mr. Ward supposes that it was 
brought into use from ibis circumstance, viz, as it was 
customary to allow larger weight, of such coarse articles, 


than the law had expressly enjoined, and this he observes 
happened to be a 6th part more. Apothecaries buy their 
drugs by avoirdupois weight, but they compound them 
by troy weight, though under some little variation of name 
and divisions. 

The troy or tronc pound weight in Scotland, which by- 
statute is to be the same as the French pound, is com¬ 
monly supposed equal to 15j English troy ounces, or 7 b6o 
grains; but by a mean of the standards kept by the dean 
of gild of Edinburgh, it weighs 7599,V or 7600 grains 
nearly. 

The following tables show the divisions of the troy and 
avoirdupois weights. 

Tulle of Troy Weight, as used, 

1. By the Goldsmiths, &c. - 
Grains Pennjwt. 

24 = 1 dwt. 

4SO = 20 = 1 oz. 

5760 = 210 = 12 = 1 lb. 

2. By the Apothecaries. 

Grains Serujilcs 
20 = 13 

60 = 3=1 Dram 5 

480 = 24 = 8 = 1 Ounce 5 

5760 = 288 = 96 = 12 = 1 lb. 


Tulle of Avoirdupois Weight. 


Drams 

Ounces 



16 = 

.1 



256 = 

16 = 

1 lb. 


7168 = 

448 =• 

2S = 

1 quar. 

2867*2 = 

1792 = 

112 = 

4- = 1 cwt. 

73440 = 

35840 = 

2240 = 

SO = *20 = 1 ton 


Mr. Ferguson (Lect. on Mcch. pa. 100, 4to) gives the 
following comparison between troy and avoirdupois weight. 

175 troy pounds arc equal to 144 avoirdup. pounds. 

175 troy ounces are equal to 192 avoirdup. ounces. 

1 troy pound contains 5760 grains. 

1 avoirdupois pound contains 7000 grains. 

1 avoirdupois ounce contains 437TS ra ' ns * 

1 avoirdupois dram contains 27*34375 grains. 

1 troy pound contains 13 oz. 2*651428576 drams 
avoirdupois 

1 avoirdup. lb. contains I lb. 2oz. lldwts l6gr. troy 

The nioncycrs, jewellers, fee, have a particular class of 
weights, for gold and precious stones, viz, carat and grain, 
the carat being 24 grains ; and for silver, the pennyweight 
and grain. The first have also a peculiar subdivision of 
the troy grain : thus, dividing 

- the grain into 20 mites 

the mite into 24 droits 
the droit into 20 periots 
the periot into 24 blanks. 

The dealers in wool have likewise a particular set of 
weights; viz, the sack, weigh, tod, stone, and clove, the 
proportions of which are as below : viz, 
the sack containing 2 weighs 
the weigh - - 64 tods 

the tod - - - 2 stones 

the stone - - 2 cloves 

the clove - - 7 pounds. 

Also 12 sacks make a last or 4368 pounds. 
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Farther, 

56 lb of ol.l hay, or 60lb new hay, make a truss. 

40ll> of straw make a truss. 

36 trusses make a load, of hay or straw. 

14 lb make a stone. 

5 lb of glass a stone. 

French Weights. The common or Paris old pound 
weight, is to the English troy pound, os 21 to l6, and to 
the avoirdupois pound as 27 to 25 ; it therefore contains 
756'0 troy grains; and it is divided into id ounces like 
the pound avoirdupois, but more particularly thus: the 
pound into 2 marcs; the marc into 8 ounces; the ounce 
into 8 gros, or drams; the gross or dram into 3 demers, 
Paris scruples or pennyweights; and the pennyweight into 
24 grains; the grain being an equivalent to a grain of 
wheat. So that the Paris ounce contains 472$ troy grains, 
and therefore it is to the English troy ounce as 63 to 64. 
But in several of the French provinces, the pound is of 
other different weights. A quintal is equal to 100 pounds. 

Table of old French Weights with the Equivalent in Troy and 

Avoirdupois Weight. 


French. 

oz. 

Troy. 

dwt. 

6"- 

Avoirdupois, 
oz. ars. 

hds. 

1 Pound 

15 

14 

20 

17 

4 

34- 

1 Marc 

7 

17 

10 

s 

10 

17 

1 Ounce 


19 

16$ 

1 

1 

27 

1 Gros 


. 2 

11 


2 

16 

1 Scruple 



191 



72 

1 Grain 



* 
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The new French weights arc those which have for their 
measure a unit, called a gramme. This gramme is the 
absolute weight of the cube of the centimetre, or 100th 
part of the metre, or 3$ English feet, of distilled water, 
taken at its maximum of density ; and answers to 19 Paris 
grains, or to 15$ English grains. The kilogramme, or the 
weight of a 1000 grammes, is equal to about 32$ troy 
ounces. Sec the article Mf.asuiif.s. 

The weights above enumerated under the two articles 
of English and French weights, arc the same as arc used 
throughout the greatest part of Europe; only under some¬ 
what different names, divisions, and proportions. And 
besides, particular nations have also certain weights pe¬ 
culiar to themselves, of too little consequence here to be 
enumerated. But to show the proportion of these several 
weights to one another, there may be here added a reduc¬ 
tion of the divers pounds in use throughout Europe, by 
which the other weights are estimated, to one standard 
pound, viz, the old pound of Amsterdam, Paris, and Bour- 
dcuux ; as they were accurately calculated .by M. Ricard, 
and published in the new edition of his Truitt dc Com¬ 
merce in 1722. 

Proportion of the Weights qf the chief Cities in Europe , to 
' . that of Amsterdam, or the old French Pound. 

100 potfnds of Amsterdam arc equal to 


108 lbs of Alicunt 

£)5$ lbs of Bergen, Norw. 

105 

Antwerp 

Ill 

Bern 

120 

Archangel, or 

100 . 

Besan9on 


3 pocdcs 

100 

Bilboa 

105 

Arschot 

105 

Buis lc Due 

120 

Avignon 

151 

Bologna 

98 

Basil 

100 

Bourdcaux 

100 

Bayonne 

‘ 104 

Bourgen Brcssc 

166 

Bergamo 

103 

Bremen 

97 

Berg, op Zoom 

125 

Brcslaw 


Weights continued. 

100 pounds of Amsterdam arc equal to 


105 lbs of Bruges 

114 lbs of Madrid 

105 

Brussels 

105 

Malincs 

105 

Cadiz 

123$ 

Marseilles 

105 

Cologne 

154 

Messina 

107$ 

Copenhagen 

l68 

Milan 

87 

Constantinople 

120 

Montpelier 

113* 

Dantzic 

125 

Muscovy 

lOO 

Dort 

100 

Nantes 

97 

Dublin 

100 

Nancy 

97 

Edinburgh 

169 

Naples 

143 

Florence 

98 

Nuremberg 

98 

Franckfort, sur 

100 

Pans 

Maine 

112$ 

Revel 

105 

Gaunt 

109 

Riga 

8 9 

Geneva 

100 

Rochel 

163 

Genoa 

146 

Rome 

102 

Hamburg 

100 

Rotterdam 

125 

Konings berg 

96‘ 

Rouen 

105 

Ceipsic 

100 

S. Malo 

106 

Leyden 

100 

S. Sebastian 

143 

Lcghoi n 

158$ 

Saragosa 

105$ 

Liege 

100 

Seville 

106 

Lisbon 

114 

Smyrna 

114 

Lisle 

1 10 

Stqtin 

109 

London, avoirdu¬ 

81 

Stockholm 

pois 

Louvain 

118 . 

Tholousc 

105 

151 

Turin 

105 

Lubeck 

158$ 

Valencia 

141$ 

116 

Lucca 

Lyons 

182 

Venice 


Ancient Weights. 

A 


1. The weights of the ancient Jews, reduced to the 
English troy weights, will stand a» below : 


Shekel 

Manch 

Talent 


lb 
0 
2 
113 


01 

0 

3 

10 


2 $ 


Hut 

9 

6 10$ 
1 10$ 


' 2. Grecian and Roman weights, reduced to English 

troy weight, are as in the following table : 

J ° lb 01 d<t gr 


Lcntes 

- 0 

0 

0 OtV* 

Siliquac - 

0 

0 

% 

0 3tt 

Obolus 

0 

0 

0 9x*i 

Scriptulum 

0 

0 

0 18-ry 

Drachma - 

0 

0 

2 

Sextula 

0 

• 

0 

3 0$ 

Sicilicus - 

0 

4 • 

0 

4 13$ 

Duclla 

0 

0 

.6 if 

Unci a 

.0 

0 

18 ' 5$ 

Libra 

0 

10 

18 13$ 


The Roman ounce is the English avoirdupois ounce, 
which they divide into 7 denarii, as well as 8 drachms; 
and as they reckoned their denarius equal to the Attic, 
drachm, this will make the Attic weights one-eighth 
heavier than the correspondent Roman weights. Arbutli. 

Regulation qf Weights and Mcqsurcs.—’ This is a 
branch of the king's prerogative. For the public conve¬ 
nience, these ought to be universally the same throughout 
the nation, the better to reduce the prices of articles to 
equivalent values. But as weight and measure are things 
in their nature arbitrary and uncertain, it is necessary 
that they be reduced to some fixed rule or standard. It 
is however impossible to fix such a standard by any writ¬ 
ten law or oral proclamation; as no person can, by 
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words only, give to another an adequate idea of a pound 
weight, or foot-rule. It is therefore expedient to have 
recourse to some visible, palpable, material standard ; by 
forming a comparison with which all weights and mea¬ 
sures may be reduced to one uniform size. Such a 
standard was anciently kept at Winchester: and we find 
in the laws of king Edgar, near a century before the con¬ 
quest,an injunction that that measure should be observed 
throughout the realm. 

Most nations have regulated the standard of measures 
of length from some parts of the human body; as the 
palm,'the band, the span, the foot, the cubit, the ell (ulna 
or arm), the pace, and the fathom. But us these are of 
different dimensions in men of different proportions, an¬ 
cient historians inform us, that u new standard of length 
was fixed by our king Henry the first ;\who command¬ 
ed that the ulna or ancient ell, which answers to the 
modern yard, should be made of the exact length of his 
own arm. 

A standard of long measure being once obtained, all 
others arc easily derived from it ; those of greater length 
by multiplying that original standard, those of less by 
dividing it. Thus, by the statute called compositio ul- 
iinrum et perticaruin, b\ yards make a perch ; and the 
yard is subdivided into 3 feet, and each foot into 12 
inches; which inches will be each of the length of 3 
barley-corns. But some, on the contrary, derive all mea¬ 
sures, by composition, from the barley-corn. 

Superficial measures are derived by squaring those of 
length ; ami measures of capacity by cubing them. 

The standurd of weights was originally taken from 
grains or corns of wheat, whence our lowest denomina¬ 
tion of weights is still called a grain ; 32 of which arc 
directed, by the statute called compositio mensuraruin, 
to compose a pennyweight, 20 of which make an ouuce, 

and 12 ounces a pound, &c. 

Under king Richard the first it was ordained, that there 
should be only one weight and one measure throughout 
the nation, and that the custody of the assizq or standard 
of weights and measures, should be committed to certain 
persons in every city and borough ; whence the ancient 
office of the king's ulnager seems to have been derived. 
These original standards were called pondus regis, and 
mensura domini regis, and arc directed by a variety of 
subsequent statutes to be kept in the exchequer chamber, 
by an officer called the clerk of the market, except the 
wine gallon, which is committed to the city of London, 

and kept in Guildhall. . 

The Scottish standards arc distributed among the oldest 
boroughs. The elwand is kept at Edinburgh, the pint at 
Stirling, the pound at Lanark, and the firlot at Liulith- 

k The two principal, weights establish'cd in Great Britain, 
are troy weight and avoirdupois weight, as before men¬ 
tioned. Under the head of the former it may farther be 

added, that • .it* 

A carat is a weight of 4 grains; but when the term is 

applied to gold, it denotes the degree of fineness. Any 
nuantily of gold is supposed divided into 24 parts. If the 
whole mass be pure gold, it is said to be 24 carats fine ; 
if there he 23 parts of pure gold, and one part of alloy 
or base metal, it is said to be 23 carats fine, and so on. 

Pure gold is too soft to be used for coin. The standard 
coin of this kingdom is 22 carats fine. A pound of stan¬ 


dard gold is coined into 444 guineas, and therefore every 
guinea should weigh 5 dwts giains. 

A pound of silver for coin contains 1 1 oz 2 dwts pure 
silver, and 18 dwts alloy : and standard silver-plate,. 11 
ounces pure silver, with I ounce alloy. A pound of 
standard silver is coined into 62 shillings; and therefore 
the weight of a shilling should be 3 dwts 20^4 grains. 

Universal Standard for Weights and Measures. 
Philosophers, front their habits of generalizing, have 
often made speculations for forming a general standard 
for weights and measures through the whole world. These 
have been devised chiefly of a philosophical nature, as 
best adapted to universality. Alter the invention of pen¬ 
dulum clocks, it first occurred that the length of a pen¬ 
dulum which sho.uld vibrate seconds, would be proper to 
be made a universal standard for lengths; whether it 
should be called a yard, or any thing else. But it was 
found, that it would be difficult in piactice, to measure 
and determine the true length of such a pendulum, that 
is the distance between the point of suspension and the 
point of oscillation. Another cause of inaccuracy was 
afterwards discovered, when it was found that the seconds 
pendulum was of different lengths in all the different lati¬ 
tudes, owing to the spheroidal figure of the earth, which 
causes that all places in different latitudes arc at different 
distances from the centre, and consequently the pendu¬ 
lums arc acted on by different forces of gravity, and 
therefore require to be of different lengths. In the lati¬ 
tude of London this is found to be 39j inches. 

The Society of Arts in London, among their many 
laudable and patriotic endeavours, offered a handsome 
premium for the discovery of a proper standard for 
weights and measures. This brought them muny expe¬ 
dients, but none that merited any attention, except one, 
an improvement in the method ol the pendulum, by Mr. 
Hatton, in the year 1779- This consisted in the applica¬ 
tion of u moveable point of suspension to one and the 
same pendulum, in order to produce th^full and absolute 
effect of two pendulums, the difference of whose lengths 
was the intended measure. Here also the ratio of their 
lengths was easily determined, from observing the number 
of vibrations performed in a given time at each point of 
suspension. Whence there being two equations and two 
unknown quantities, the actual lengths'of the pendulums 
themselves might be readily deduced by simple algebraic 
rules. 

TJje late ingenious Mr. Whitehurst much improved on 
Mr. Hatton’s original notion, in his essay published in 
17S7 under the title of “ An attempt towards obtaining 
invariable Measures of Length, Capacity, and Weight, 
from the Mensuration of Time, &c.” Mr. Whitehurst s 
proposal is to obtain h measure of the greatest length 
that convcniency will permit, from two pendulums whose 
vibrations arc in the ratio of 2 to 1, and whose length 
coincide with the English standard in whole numbers. His 
numbers were chosen with considerable judgment and 
skill. On a supposition that the length of the seconds 
pendulum, in the latitude of London, is 394 inches, the 
length of one vibrating 42 times in a minute must be 
80 inches ; and that of another vibrating 84 times in a 
minute must be 20 inches ; their difference 60 inches, or 
5 feet is his standard measure. The difference of the 
lengths of two pendulums, however, resulting from his 
xperiment, was 59 892 inches, instead of 60, the dif- 
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fercncc being occasioned by an error in the original as¬ 
sumption of J9 2 inches instead of 39* 128 or 39 J inches, 
as it is very nearly. Still, Mr. Whitehurst has accom¬ 
plished a principal part of his grand design, by showing 
how an invariable standard may always be lound for the 
same latitude. But this is by no means all that is 
wanted. 

The French philosophers have gone much farther, and 
have very judiciously deduced the measures of capacity, 
and those of weight from the standard linear measure; 
confining themselves throughout to the decimal divi¬ 
sion. * 

But their system is liable to this heavy objection, that 
it depends on an accurate measure of a quarter meridian 
of the earth, at the same time that no such accurate mea¬ 
sure has as yet been obtained; and at the same time pro¬ 
bably that the meridians differ so widely among themselves 
as to leave no reasonable expectation that a correct me¬ 
dium length of a meridian will ever be found. 

Some other method then must be resorted to, if we. wish 
to obtain a universal measure,which at the same time that it 
shall be invariable, shall be easily recovered on the sup¬ 
position that the uctual standard is lost. Perhaps the 
least objectionable way would be to lake for the length 
of the metre the length of a simple pendulum vibrating 
seconds at the equator, at a certain height above the sur¬ 
face of the sea, when the thermometer is at a fixed me¬ 
dium temperature: the length of the metre would then 
be about 39'027 English inches, instead of 39 37023, 
the metre of the new French system. The magnitude of 
the are, the store, the gramme, &c, (or any other terms 
thought proper to introduce for similar purposes), might 
have the same relations to the metre as in the French 
system. Thus should we possess a standard taken from 
the gravitating force of the globe we inhabit, and which 
might be safely considered as invariable, so long sis the 
constitution of the earth and its time of rotution remain 
the same. 

The material standard itself also might be chosen of 
some shape that should possess the double advantage of 
being little affected by changes of temperature, and being 
a pendulum whose distance between the point ot suspen¬ 
sion and centre of oscillation, should be exactly equal 
to a fixed dimension of the pendulum that might readily 
be measured with exactness. Such a body we have iu a 
right-angled cone, or one the diameter of whose base is 
equal to its altitude; for when this cone is suspended by 
its vertex as a centre of motion, the centre of oscillation 
is in the centre of the base; and when it is suspended by 
its base, the centre of oscillation coincides with the ver¬ 
tex of the solid; the length of the isochronous simple 
pendulum being in both cases equal to the altitude of 
the cone, or to the diameter of its base. 

The universal standard for lengths being once esta¬ 
blished, those of weights, &c, evidently follow. For in¬ 
stance, a vessel of certain dimensions, being filled with 
distilled water, or some other homogeneous matter, the 
weight of that may be considered as a standard for weights. 
See also our article Measure. 

Weight of the Air, Water, &c. See those articles 
severally. See also Specipic Guavity. 

WERNER (John), of Nuremberg, was born in 1468 
and died' 1528, and appears to have been the best mathe¬ 
matician of bis time, being highly distinguished ai an 


astronomer, a geometrician, &c, and well deserving of . 
being better known than he is, having contributed by his 
writings on trigonometry, and other parts of the mathe¬ 
matics, to diffuse a taste for these sciences. It appears . 
that he wrote 5 books on triangles. In his time the use 
«>f the cross-staff' began to be introduced among seamen ; 
this ancient •instrument being described by him, in his 
Annotations on the first book of Ptolemy’s Geography, 
printed in 1514; where he recommends it for observing 
the distance, between the moon and some star, in order 
thence to determine the longitude. In 1522, he published 
Opera Mathcmatica at Nuremberg, in 4to, containing a 
specimen of the Conics, with some solid problems, and in 
which also he determined the precession of the equinox 
more exactly than it had before been done. 

WERST, a Russian measure of length, equal to 3500 
English feet, or , of an English mile. 

WEST, one of the cardinal points of the horizon, or 
of the compass, diametrically opposite to the east, or 
lying on the left hand when we face the north. Or west 
is strictly the .intersection of the prime vertical with the 
horizon", on that side where the sun sets. 

West H ind, is also called Zepbyrus, and Favonius. 

West Dial. See Dial. * 

WESTERN Amplitude, Horizon, Ocean. See the se¬ 
veral articles. 

WESTING, in Navigation, is the quantity of departure 
made good to the westward from the meridian. 

WEY. See Weigh, 

WHALE, in Astronomy, one of the constellations. 

See C etus. • • 

WHEEL, in Mechanics, a simple machine, consisting 
of a circular piece of wood, metal, or other matter, that 
revolves on an axis. This is otherwise called Wheel and 
Axle, or Axis in Peritrochio, as a mechanical power, be¬ 
ing one of the most frequent and useful of any. in this 
capacity of it, the wheel is a kind of perpetual lever, and 
the axis another lesser one; or the radius of the wheel 
and that ol its axis may be considered its the longer and 
shorter arms of a lcv^r, the centre of the wheel being the 
fulcrum or point of suspension. Whence it is, that the 
power of this machine is estimated by this rule; As the 
radius of the axis is to the radius of the wheel or of the 
circumference ; so is any given power, to the weight it will 
sustain. - * 

Wheels, as well as their axes, arc frequently dented, or 
cut into teeth, and arc then of use on many occasions; 
as in jacks, clocks, mill-work, &c; by which means they 
are capable of moving and acting on one another, and of 
being combined together to an) extent; the teeth cither 
of the axis or circumference working in those of other 
wheels or axles; and thus, by multiplying the power to 
any extent, a very great effect is produced. 

To compute the power of p combination of Wheels; the 
teeth of the axis of every wheel acting on those in tho 
circumference of the next following. Multiply continu¬ 
ally together the radii of all the axes, as also the radii of 
all the wheels; then it will be, as the former product is to 
the lutter, so is a given power applied to the circumfer¬ 
ence; to the weight it can sustain. • Thus, for example, in 
a combination of five wheels and axles, to find the weight 
a inan can sustain, or raise, whose force is equal to 150 
pounds,, the radii of the wheels being 30 inches, and those 
of the axes 3 inches. 
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Here 3 x 3 x 3x 3x 3 rr 243, 
and 30 x 30 x 30 x 30 x 30 = 24300000, 
therefore as 243 : 24300000 : : 150 : 15000000 lb, the 
weight he can sustain, which is more than 6696 tons 
weight. So prodigious is the increase of power in a com¬ 
bination of wheels! 

But it is to be observed, that in this, as well as every 
other mechanical engine, whatever is gained in power, is 
lost in time ; that is, the weight will move as much slower 
than the power, as the force is increased or multiplied, 
which in the example above is 100000 times slower. 

Hence, having given any power, and the weight to be 
raised, with the proportion between the wheels and axles 
necessary to that effect; to find the number of the wheels 
and axles. Or, having the number of the wheels and 
axles given, to find the ratio of the radii of the wheels and 
axles. Here, putting 

p = the power acting on the last wheel, 
w = the weight to be raised, 
r = the radius of the axles, 
r = the radius of the wheels, 
n = the number of the wheels and axles; 
then, by the general proportion, as r" : R n p : u;; there¬ 
fore y>R n = ut b isa general theorem, from whence may be 
found any one of these five letters or quantities, when the 
other four are given. Thus, to find n the number ot 
wheels: we have first 

r. = ", then n = , log - u, ~'° gp -. And to find the ra- 
r- p’ log- R - log- r 

tio of the wheel to the axle, it is — r= !y —• 

Wheels of a Clock, Sfc, are, the crown wheel, contrat 
wheel, great wheel, second wheel, third wheel, sinking 
wheel, detent wheel, Sec. 

Wheels of Couches, Curts, JVaggous, Ifc. With re¬ 
spect to wheels of carriages, the following particulars nrc 
collected from the experiments and observations of Desa- 
gulicrs, Beighton, Camus, Ferguson, Jacob, Cep. 

1. The use of wheels, in carriages, is twofold ; viz, that 
of diminishing or more easily overcoming the resistance or 
friction from the carriage ; and that of more easily over¬ 
coming obstacles in the road. In the first case, the fric¬ 
tion on the ground is transferred in some degree from the 
outer surface of the wheel to its nave and axle; and in 
the latter, they serve easily to raise the carriage over ob¬ 
stacles and asperitjes met with on the roads. In both these 
cuses, the height of the wheel is of material consideration, 
as the spokes act as levers, the top of an obstacle being the 
fulcrum, their length enables the carriage more easily to 
surmount them; and the greater proportion ot the Wheel 
to the axle serves more easily to diminish or to overcome 
the friction of the axle. See Jacob's Observations on 
Wheel Carriages, pa. 23 &c. 

2. The wheels should be exactly round ; and the fellies 
at right angles to the naves, according to the inclination of 

the spokes. . , . . 

3 . It is the most general opinion, that the spokes be 

somewhat inclined to the naves, so that the wheels may be 
dishing or concave. Indeed if the wheels were always to 
roll on smooth and level ground, it would be best to make 
the spokes perpendicular to the naves, or to the axles ; 
because they would then bear the weight of the load per¬ 
pendicularly. But because the ground is commonly un¬ 
even one wheel often falls into a cavity or rut, when the 
other does not, and then it sustains much more of the 
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weight than the other doe> ; in which case it is best for 
the wheels to be dished, because the spokes become per¬ 
pendicular in the rut, and therefore have the greatest 
strength when the obliquity of the road throws most of 
the weight on them ; while those on the high ground have 
less weight to bear, and therefore need not be at their full 
strength. 

4. The axles of the wheels should be quite straight, 
and perpendicular to the shafts, or to the pole. When 
the axles arc straight, the rims of the wheels will b« pa¬ 
rallel to each other, in which case they will move the 
easiest, because they will be at liberty to proc<-ed straight 
forwards. But in the usual way of practice, the ends of 
the axles are bent downwards; which always keeps Hie 
sides of the wheels that are next the ground nearer to each 
other than their upper sides are ; and this not only makes 
the wheels drag sideways as they go along, and gives the 
load a much greater power of crushing them than when 
they are parallel to each other, but also endangers the 
overturning the carriage when a wheel falls into a hole or 
rut, or when the carriage goes on a road that has one side 
lower than the other, as along the side of a hill. Mr. 
Beighton however has ofiered several reasons to prove that 
the axles of wheels ought not to be straight; for which see 
Dcsaguliers's F.xp. Phil. vol. 2, Appendix. 

5. Large w heels arc found more advantageous for rolling 
than smuTl ones, both with regard to their power as a longer 
lever, and to the degree of friction, and to the advantage 
in getting over holes, rubs,anti stones, &c. It we consider 
wheels with regard to the friction on their axles, it is evi¬ 
dent that small wheels, by turning oftener round, and 
swifter about the axles, than large ones, must have much 
more friction. Again, if we consider wheels as they sink 
into holes or soft earth, the large wheels, by sinking less, 
must be much easier drawn out of them, as well as more 
easily over stones and obstacles, from their greater length 
of lever or spokes. Dcsaguliers has brought this matter 
to a mathematical calculation, in his Expcrim. Philos, 
vol. I ( pa. 17l» &c. Sec also Jacob's Obscrv. pa.03. 

Hence it appears then, that wheels arc the more advan¬ 
tageous as they are larger, provided they arc not more 
than 5 or 6 feet diameter; for when they exceed these, 
dimensions, they become too heavy ; or if they arc made 
light, their strength is proporlionably diminished, and the 
length of the spokes renders them more liable to break ; 
besides, horses applied to such wheels would not be ca¬ 
pable of exerting their utmost strength, by having ihe 
axles higher than their breasts, so that they would draw 
downwards; which is even a greater disadvantage than 
small wheels have in occasioning the horses to draw up¬ 
wards. 

6. Carriages with 4 wheels, as waggons or coaches, are 
much more advantageous than carriages with 2 wheels, as 
carts and chaises; for, with 2 wheels it is plain the tiller 
horse carries part of the weight, in one way or other : in 
going down bill, the weight bears on the horse; and in 
going up hill, the weight fulls the other way, and lifts the 
horse, which is Still worse. Besides, as the wheels sink 
into the holes in. the roads on different sides, the shafts 
strike against the tiller’s sides, which occasions the death 
of many horses: moreover, when one of. the wheels sinks 
into a hole or rut, half the weight falls that way, which 
endangers the overturning of the carriage. 

7. It would be much more advantageous to make the 
4 wheels of a coach or waggon large, and nearly of a 
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height, than to make the fore wheels of only half the dia¬ 
meter ol the hind wheels, as is usual in many places. The 
fore wheels have commonly been made of a less size thi^n 
the hind ones, both on account of turning short, anti to 
avoid cutting the braces. Crane-necks have also been in¬ 
vented for turning yet shorter, and the fore wheels have 
been lowered, so as to go quite under the bend of the 
crane-neck. 

It is accounted a great disadvantage in small wheels, 
that as their axle is below the bow ol the horses' breasts, 
the horses not only have the loaded carriage to draw along, 
but also part of Us weight to bear, which tires them soon, 
and makes them grow much stiller in their hams, than they 
would if they drew on a level with the lore axle. 

but Mr. Beigliton disputes the propriety of fixing the 
line ol traction on a IcVel with the breast of a horse, and 
says it is contrary to reason and experience. Horses, he 
says# have little or no power to draw but what they derive 
from their weight; without which they could not take hold 
of the ground, and then they must slip, and draw nothing. 
Common experience also teaches, that a horse must have 
a certain weight on his back or shoulders, that he may 
draw the better. And when a horse draws hard, it is ob¬ 
served that he bends forward, and brings his breast iiear 
the ground ; and then if the w heels are high, he is pulling 
the carriage against the ground. A horse tackled in a 
waggon will draw two or three ton, because the point or 
line ol traction is below his breast, by the lowness of the 
wheels. It is also common to see, when one horse is draw¬ 
ing a heavy load, especially up hill, his fore feet will rise 
from the ground ; in which case it is usual to add a weight 
on his back, to keep bis fore part down,, by a person mount¬ 
ing on his back or shoulders, which will enable him todraw 
thut load, which he could not move before. The great¬ 
est stress or main business of drawing, says this ingenious 
writer, is to overcome obstacles; for on level plains the 
drawing is bill little, and then the horse's back need be 
pressed but with a small weight. 

8. The utility of broad wheels, in amending and pre¬ 
serving the roads, has been so lung and generally acknow¬ 
ledged, as to have occasioned the legislature to enforce 
their use. At the same time, the proprietors and drivers 
of carriages seem to be convinced by experience, that a 
narrow-wheeled carriage is more easily and speedily drawn 
by the same number of horses, than a broad-wheeled one 
of the same burthen : probably becuusc they are much 
lighter, and have less friction on the axle. 

On the subject ol^tliis article, see Jucob's Observ. &c. 
on Wheel-Carriages, 1773, pa. 81; Desagul. Ex per. Phil, 
vol. 1 , pu.20i ; Martin's Phi).Brit, vol.l, pa.22<); and 
Brewster's valuable edition of Ferguson's Lectures, both 
"the work itself and the Appendix to the same, where se¬ 
veral new observations &c. are given on this subject. See 
also the Report of the Committee of the House of Com¬ 
mons, on Acts regarding the use of Broad Wheels, and 
other matters relating to the Preservation ol the Public 
Roads.—Abridged in the Repertory of Arts, No.04, New 
Scries. 

Binwing Wheel, is a machine contrived by Desagu- 
liers, for drawing the foul air out of any place# or for 
forcing in fresh, or doing both successively, without open¬ 
ing doors or windows. See Philos. Trans. No. 437. The 
intention of this muchinc is the spine as that of Hales's 
ventilator, but not so effectual, nor so convenient. See 
Dcsag. Exper. Philos, vol.2, pa. 503, 568.—This wheel is 


also called a centrifugal wheel, because it drives the air 
with a centrifugal force. 

Water Wheel, ol a Mill, that which receives the im¬ 
pulse of the stream by means of ladle-boards or float- 
floards. M. Parent, of the Academy of Sciences, has de¬ 
termined that the greatest effect of an undershot wheel, is 
when its velocity is equal to the 3d part of the velocity of 
the water that drives or keeps it in motion: but it ought 
to be the half of that velocity, as is fully shown in the arti¬ 
cle Mill, in this Dictionary. In fixing an undershot wheel, 
it ought to be considered whether the water cun run clear 
ofT, so as to cause no back-water to stop its motion. Con¬ 
cerning this article, see Desagul. Exp. Philos, vol. 2, pa. 
422. Also a variety of experiments and observations re¬ 
lating to undershot and overshot wheels, by Mr. Smeaton, 
in the Philos.Trans, vol.51, pa. 100. 

Aristotle's Wheel. See Rota Aristoielica. 

Measuring Wheel. See Perambulator. 

Orjfyreus's Wheel. Sec Oiim utus. 

Persian Wheel. See Persian. 

Wheel- Barometer. See Barometer. 

WHIRL-POOL, an eddy, vortex, or gulf, where the 
water is continually turning round. 

Those in rivers are very common, from various acci¬ 
dents# and are usually very trivial, and of little conse¬ 
quence. In the sea they are more rare, but more dange¬ 
rous. Sibbald has related the effects of u very remarkable 
marine whirlpool among the Orcadcs, which would prove 
very dangerous to strangers, though it is of no consequence 
to the people who are used to it. This is not fixed to any 
particular place, but appears in various parts dl the limits 
of the sea among these islands. Wherever it appears it is 
very furious; and boats&c would inevitably be drawn in 
and perish with it; but the people who navigate them arc 
prepared for the event, and always carry an empty vessel, 
a log of wood# or large bundle of straw, or sonic such 
thing, in the boat with them ; as soon as they perceive the 
whirlpool, they toss this within its vortex, keeping them¬ 
selves out; this substance, whatever it be, is immediately 
received into the centre, and carried under water; and as 
soon as this is done, the surface of the place where the 
whirlpool was becomes smooth, and they row over it with 
safety: and in about an hour they see the vortex begin 
again in some other place, usually at abopt a mile's di¬ 
stance from the first. 

WHIRLING-TABLE; a machine contrived for repre¬ 
senting several^phcnomcna in philosophy and nature; as, 
the principal laws of gravitation, and of the planetary 
motions in curvilinear orbits. 

The figure of this instrument is exhibited fig. 1, pi. 41: 
where a a is a strong frame of wood ; b a winch fixed on 
the axis c of the wheel n, about which is the catgut string 
v t which also goes round the small wheels o and K, 
crossing between them and tho great wheel d. On the 
upper end ol the axis of the wheel o, above the frame, is 
fixed the round board d 9 to which may be occasionally 
fixed the bearer msx. On the axis of the wheel xi is 
fixed the bearer ntz, and when the winch B is turned, 
the wheels and bearers are put into a whirling tpotion. 
Each bearer has two wires w, x, and Y, z, fixed and 
screwed right into thorn at the ends by nuls on the out¬ 
side ; and when the nuts are unscrewed, the wires may 
be drawu out in order to change the balls U, v, which 
slide upon the wires by means of brass loops fixed into 
the balls, and preventing their touching the wood below 
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them. Through each ball there passes a silk line, which 
is fixed to it at any length from the centre oi the bearer 
to its end, by a nut-screw at the top of the ball ; the 
shank of the screw going into the centre ot the ball, and 
pressing the line against the under side of the hole which 
it runs through. The hue goes from the hall, and under 
a small pulley fixed in the middle of the bearer; then up 
through a socket in the round plate (s and t) in the 
middle of each bearer; then through a slit in the middle 
of the square top (o and p) of each tower, and going over 
a small pulley on the top cornea down again the same way, 
and is at last fastened to the upper end of the socket fixed 
in the middle of the round plate above-mentioned. Each 
of these plates s and t has four round holes near their 
edges, by which they slide up and down on the wires, 
which make the corner of each lower. The balls and 
plates being thus connected, each by its particular line, 
it is plain that if the balls be drawn outward, or towards 
the end m and n of their respective bearers, the round 
plates s and t will be drawn up to the top of their re¬ 
spective towers o and p. 

There are several brass weights, some of 2, some of 
3, and others of 4 ounces, to be occasionally put within 
the towers o and P, on the round plates s and t : each 
weight having a round hole in the middle of it, tor going 
on the sockets or axes of the plates, and being slit from 
the edge to the hole, that it may slip over the line wlpcli 
comes from each ball to its respective plate.' 

For a specimen of the experiments to be made with this 
machine, may be subjoined the following. 

1. Removing the bearer MX, put the loop of the line b 
to which the ivory ball a is fastened over a pin in the 
centre of thc~board d, and turn the winch b ; and the 
ball will not immediately begin to move with the board, 
but, on account of its inactivity, endeavour to remain in 
its state of rest. But when the ball has acquired the 
same velocity with the board, it will remain on the same 
part of the board, having no relative motion upon it. 
However, if the board be suddenly stopped, the hall will 
continue to revolve on it, until the friction stops its* mo¬ 
tion : so that matter resists every change of slate, frpra 
that of rest to that of motion, and vice versa. 

2 . Put a longer cord to this ball; let it down through 
the hollow axis of the bearer MX and wheel o, and fix a 
weight to the end of the cord below the machine; and 
this weight, if left at liberty, will draw the ball from the 
edge of the whirling board to its centre. Draw off the 
ball a little from the centre, and turn the winch; then 
the ball will continue to revolve with the board, and gra¬ 
dually fly farther from the centre, raising up the weight 
below the machine. And thus it appears that all bodies, 
revolving in circles, have a tendency to fly oil from those 
circles, and must be retained in them by some power pro¬ 
ceeding from or tending to the centre of motion. Stop 
the machine, and the ball will continue to revolve for 
some time on the board ; but as the friction gradually 
stops its motion, the weight acting upon it will bring it 
nearer and nearer to the centre in every revolution, till it 
brings it quite thither. Hence it appears, that if the pla¬ 
nets met with any resistance in going rouud the sun, its 
attractive power would bring them nearer and nearer to 
it in every revolution, till they would fall into it. 

'3. Take bold of the cord below the machine with one 
hand, and with the other, throw the ball upon the round 
board as it were al right angles to the cord, and it will re¬ 


volve on the board. Then, observing tLc velocity of iu 
motion, pull the cord below the machine, and thus bring 
the ball nearer the centre of the board, and the ball will 
be seen to revolve with an increasing velocity, as it ap¬ 
proaches the centre: and thus the planets which arc 
nearest the sun perform quicker revolutions than those 
which are more remote, and move with greater velocity 
in every part of their respective circles. 

4. Remove the ball a y and apply the bearer MX, whose 
centre of motion is in its middle at iu y directly over the 
centre of the whirling board d. Then put two balls (v 
and u) of equal weight on their bearing w ires, and having 
fixed them at equal distances from their respective cen¬ 
tres of motion iv and x upon their silk cords, by the screw 
nuts, put equal weights in the towers o and p. Lastly, 
put the catgut strings F. and F on the grooves g and n oi 
the small wheels, which, being of equal diameters, will 
give equal velocities to the bearers above, when the w inch 
b is turned; and the balls u and v will fly off toward u 
and n, and raise the weights in the towers at the same 
instant. This shows, that when bodies of equal quantities 
of matter revolve in equal circles with equal velocities, 
their centrifugal forces are equal. 

5. Take away these equal balls, and put a ball of 6 
ounces into the bearer MX, at a Oili part of the distance 
wz from the centre, and put a ball of one ounce into the 
opposite bearer, at tIre whole distance xy = xiz ; and fix 
the balls at these distances on their cords, by the screw 
nuts at the top: then the ball u, which is 6 times as heavy 
as the ball v, will be at only a 6th part ol the distance 
from its centre of motion ; and consequently will revolve 
in a circle of only a 6th part of the circumference of that 
in which v revolves. Let equal weights be put into the 
towers, and the winch be turned : as the catgut string is 
on equal wheels below, it will cause the balls to revolve 
in equal times; but v will move 6 limes as fast as u, be¬ 
cause it revolves in a circle of 6 times its radius, and both 
the weights in the towers will rise at once. Hence it ap¬ 
pears, that the centrifugal forces of revolving bodies arc in 
direct proportion to their quantities of matter multiplied 
into their respective velocities, or into their distance from 
the centres of their respective circular orbits. 

If these two balls be fixed at equal distances from their 
respective centres of motion, they will move with equal 
velocities; and if the tower o has 6 times as much weight 
put into it as the tower p, the balls will raise their weights 
exactly at the same moment: i. e. the ball u, being 6 
times as heavy as the ball v, has 6 times as much cen¬ 
trifugal force in describing an equal circle with un equal 
velocity. 

6. Let two balls, U and v, of equal weights, be fixed 
on their cords at equal distances troin their respective 
centres of motion xv and x ; and let the catgut string E be 
put round the wheel k (whose circumference is only half 
that of the wheel u or g) and over the pulley s to keep it 
tight, and let 4 times as much weight he put into die 
tower P as in the tower o. Then turn the winch b, and 
the ball v will revolve twice as fost as the ball u in a 
circle of the same diameter, because they ure equidistant 
from the centres of the circles in which they revolve; and 
the weights in the towers will both rise at the same in¬ 
stant ; which shows that a double velocity in the sartic 
circle will exactly balance n quadruple power of attrac¬ 
tion in the centre of the circle: for the weights in the 
towers may be considered as the attractive forces iu the 
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centres, acting on tlic revolving balls; which moving in 
equal circles, are as if they both moved in the same circle. 
Whence it appears that, if bodies of equal weights revolve 
in equal circles with unequal velocities, their centrifugal 
forces are as the squares of the velocities. 

7. The catgut string remaining as before, let the di¬ 
stance of the ball v from the centre 1 be equal to 2 of the 
divisions on its bearer; and the distance of the ball u front 
the centre 10 be 3 and a 6th part ; the balls themselves 
being equally heavy, and v making two revolutions by- 
turning tin- winch, whilst v makes one ; so that if we sup¬ 
pose the hall v to revolve 111 one second, the hall u will 
revolve in 2, the squares ot which are 1 and 4: therefore, 
the square of the period of v is contained 4 times in the 
square of the period of u. But the distance of v is 2, the 
cube of which is 8, and the distance of u is 3£, the cube 
of which is 32 very nearly, in which S is contained 4 
times : and therefore, the squares of the periods v and u 
are to each other as the cubes of their distances from x 
and iv, the centres of their respective circles. And if the 
weight in the tower o be 4 ounces, or equal to the square 
of 2, which is the distance of v from the centre x ; and 
the weight in the tower p be 10 ounces, nearly equal to 
the square of 3£, the distance of u from w ; it will be 
found on turning the machine by tlie winch, that the balls 
u and v will raise their respective weights at very nearly 
the same instant of time. This experiment confirms the 
famous proposition of Kepler, viz, that the squares of the 
periodical times of the planets round the sun arc in pro¬ 
portion as the cubes of their distances from him; and that 
the suit’s attraction is inversely as the square of the di¬ 
stance from his centre. 

8. Take off the siring e from the wheels u and 11, and 

let the string f remain on the wheels n and c ; take away 
also the bearer six from the whirling-board d, and instead 
of it put on the machine ah (fig. 2), fixing it to the centre 
of the board by the pins c and rf, so that the end ef may 
rise above the board to an angle of 30 or 40 degrees. On 
the upper part of this machine, there are*two glass tubes 
« ami b, closely stopped at both ends, each tube being 
about three quarters full of witter. In the tube a is a 
little quicksilver, which naturally falls down to the end a 
in the water ; and in the tube b is a small cork, floating 
on the top of the water, and small enough to rise,or full 
in the tube. While the board 6 with this machine on it 
continues at rest, the quicksilver lies at the bottom of the 
tube a, and the cork floats on the wuter near the top of 
the tube b. But, on turning the winch and moving the 
machine, the contents of each tube fly off towards the 
uppermost ends, which are farthest from the centre of 
motion; the heaviest with the greatest force. Conse¬ 
quently, the'quicksilver in the tube a will fly off quite to 
the end /, occupying its bulk of space, and excluding 
the water, which is lighter than itself: but the wnter in 
the tube b, flying off to its higher end e, will exclude the 
cork from that place, and cause it to descend toward the 
lowest end of the tube; for the heavier body, having the 
greater centrifugal force, will possess the upper part of 
the tube, and the lighter body will keep between the hea¬ 
vier and the lower part. / 

This experiment demonstrates the absurdity of the Car¬ 
tesian doctrine of vortices; for, if a planet be more dense 
or heavy than its bulk of the vortex, it will fly off in it 
farther and farther from the sun; if less dense, it will de¬ 
scend to the lowest part of the vortex, at the sun; and 


the whole vortex itself, unless prevented by some obstacle, 
would fly quite off, together with the planets. 

9. If a body be so placed on the whirling-board of the 
machine (tig. 1) that the centre of gravity of the bqdy be 
directly over the centre- of the board, and the board be 
moved ever so rapidly by the winch B, the body will turn 
round with the board, without removing from its middle; 
for, as all parts of the body are in equilibrio round its 
centre of gravity, and the centre of gravity is at rest in the 
centre of motion, thc-centrifugal force of all parts of the 
body will be equal at equal distances from its centre of 
motion, and therefore the body will remain in its place. 
But if the centre of gravity be placed ever so little out of 
the centre of motion, and the machine be turned swiftly 
round, the body will fly off'towards that side of the board 
on which its centre of gravity lies. Then if the wire c • 
(fig. 3) with its little ball b be taken away from the semi¬ 
globe a, and the flat side / of the semi-globe be laid on 
the whirling-board, so that their centres may coincide; 
if then the board be turned ever so quickly by the winch, 
the semi-globe will remain where it was placed : but if 
the wire c be screwed into the semi-globe at d, the whole 
becomes one body, whose centre of gravity is at or near 
d. Fix the pin c in the centre of the whirling-board, and 
let the deep groove b cut in the flat side of the semi-globe 
be put on the pin, so that the pin may be in the centre of a 
(see fig.4), where the groove is to be represented at 6, and 
let the board be turned by the winch, which will carry 
the little ball B (fig. 3) with its wire c, and the semi-globe 
a, round the centre pin c i; and then, the centrifugal 
force of the little ball b, weighing one ounce, will be so 
great as to draw off the semi-globe a, weighing two 
pounds, until the end of the groove at (Strikes against 
the pin c, and so prevents a from going any farther: 
otherwise, the centrifugal force of b would have been suf* 
ficienl to have carried a quite off the whirling-boar^. 
Hence we sec that, if the sun wore placed in the centre of 
the orbits of the planets, it could not possibly remain there; 
for the centrifugal forces of the plnntts would carry them 
quite off, and the sun with them ; especially when several 
of them happened to be in one quarter of the heavens. 
For the sun and planets arc as much connected by the 
mutual attraction subsisting between them, as the bodies 
a and b are by the wire c fixed into them both. And 
even if there were but one planet in the whole heavens to 
revolve about ever so large a sun in the centre of its-orbit, 
its centrifugal force would soon carry off both itself and 
the sun: for the grentest body placed in any part of free 
space could be easily moved; because, if there wore no 
other body to attract it, it would have no weight or gra¬ 
vity of itself, and consequently, though it could have no 
tendency of itself to remove from that part of space, yet 
it might be very easily moved by the force of any other 
substance. 

10. As the centrifugal force of the light body b will 
not allow the heavy body a to remain in the centre of 
motion, even though it be 24 times as heavy as b ; let 
the ball a (fig. 5) weighing 6 ounces be connected by the 
wire c with the ball b, weighing one ounce, and let tha 
fork E be fixed into the centre of the whirling-board; 
then, hang the balls on the fork by the wire.c in such a 
manner that they may exactly balance each other, which 
will be when the centre of gravity between them, in the 
wire at d t is supported by the fork. And this centre of 
gravity is as much nearer to the centre-of the ball a than 
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to the centre r>, as a is heavier than b ; allowing for the 
weight of the wire on each side of the fork. 'I hen, let 
the machine be moved, and the balls a and e will re¬ 
volve about their common centre of gravity d, keeping 
their balance, because either will not allow the other to 
fly off with it. I-'or,-supposing the ball b to be only one 
ounce in weight, and the ball a to be six ounces ; then, 
if the wins c were equally heavy on each side of the 
fork, the centre of gravity d would be 6 times as far 
from the centre of b as from the centre of a, and conse¬ 
quently b will revolve with 0 times the velocity ol a, 
which will give b 6 times as much centrifugal force as 
any single ounce of a has; but then as b is only one 
ounce, and a six ounces, the whole centrifugal lorce of 
a will exactly balance that of r» ; and therefore, each 
body will detain the other, so as to retain it in its circle. 

Hence it appears, that the sun and planets must all 
move round the common centre of gravity of the whole 
system, in order to preserve that just balance which takes 
place among them. 

11. Remove the forks and balls from the whirling- 
board, and place the trough ab (fig. 6) thereon, fixing its 
centre to that of the board by the pin ii. In this trough 
.are two balls D and E of unequal weights, connected by 
a wire /, and made to slide easily on the wire stretched 
from end to end of the trough, and made fast by nut 
screws on the outside of the ends. Place these balls on 
the wire c, so that their common centre of gravity g, may 
be directly over the centre of the whirling-board. Then 
turn the machine by the winch ever so swiftly, and the 
trough and balls will move round their Centre of gravity, 
so as neither of them will fly off; because, on account 
of the equilibrium, each ball detains the other with an 
equal force acting against it. Rut if the ball r. be drawn 
a little more towards the end ol the trough at a, it will 
remove the centre of gravity towards that end from the 
centre of motion ; and then, upon turning the machine, the 
little ball E will fly off, and strike with a considerable force 
against the end a, and draw the great ball b into the mid¬ 
dle of the trough. Or, if the great ball d be drawn to¬ 
wards the end b of the trough, so that the centre of gra¬ 
vity may be a little towards that end from the centre of 
motion; and the machine be turned by the winch, the 
great hall d will fly off, and strike violently against the 
end n of the trough, und will bring the little ball e into 
the middle of it. If the trough he not made very strong, 
the ball n will break through it. 

12. Mr. Ferguson has explained the reason why the 
tides rise at the same time on opposite sides of the earth, 
and consequently in opposite directions, by the following 
new experiment on the whirling-table. For this purpose, 
let abed (fig. 7) represent the earth, with its side c 
turned toward the moon, which will then attract the 
water so as to raise them from c tuj: and in order lo 
show that they will rise as high at the same lime on the 
opposite side from a tor; let a plate ab (fig. 8) be fixed 
on one end of the flat bar DC, with such a circle drawn on 
it as abed (fig. 71 to represent the round figure of the 
earth and sea; and an ellipse as efgh to represent the 
swelling of the tide at e and g , occasioned by the influ¬ 
ence of the moon. Over this plate ab suspend the three 
ivory balls e,f , g, by the silk lines h, i, k, fastened to the 
tops of the wires II, I, k, so that the ball at e may hang 
freely over the side of the circle e , which is farthest from 
the moon M at the other end of the bar; the ball at / 


over the centre, and the ball at g over the side ol the cir¬ 
cle g, which is nearest the moon. 1 he ball J may repre¬ 
sent the centre of the earth, the ball g water on the side 
next the moon, and the ball e water on the opposite side. 

On the back of the moon m is fixed a short bar N paral¬ 
lel to the horizon, and there are three holes in it above 
the little weights p, q, r. A silken thread o is tied to the 
line k close above the ball g , and passing by one side of 
the moon M goes through a hole in the bar J>, and has 
the weight p hung to it. Such another thread m is tied 
to the line i, close above the bally, and, passing through 
the centre of the moon m and middle of the bar s, has 
the weight q hung to it, which is lighter than the weight p. 

A third thread m is tied to the line Ii, close above 
the ball e, and, passing by the other side, of the moon 
M through the bar X, lias the weight r hung to it, which 
is lighter than the weight y. The use of these three un¬ 
equal weights is to represent the moon’s unequal attrac¬ 
tion at different distances from her; so that if they arc 
left at liberty, they will draw all the three balls towards 
the moon with different degrees of force, and cause them 
to appear as in fig. 9, in w hich case they are evidently 
farther from each other than if they hung freely by the 
perpendicular lines h, i, k. Hence it appears, that as the 
moon attracts the side of the earth which is nearest her 
with a greater degree of lorce than she does the centre 
of the earth, she will draw the water on that side more 
than the centre, and cause it to rise on that side: and as 
she draws the centre more than the opposite side, the cen¬ 
tre will recede farther from the surface of the water on 
that opposite side, and leave it as high there as she raised 
it on the side next her. For, as the centre will be in the 
middle between the lops of the opposite elevations, they 
must of course be equally high on both sides at the same 
time. 

However, upon this supposition, the earth and moon 
would soon come together; and this would be the case it 
they had not u motion round their common centre of 
gravity, to produce a degree of centrifugal lorce, suffi¬ 
cient to balance their mutual attraction. Such motion 
they have ; for as the moon revolves in her orbit every 
month, nt the distance of 210000 miles from the earth’s 
centre, and of 231000 miles from the centre of gravity 
of the earth and moon, the earth also goes round the same 
centre of gravity every month nt the distance of 6000 
miles from it, i.e. from it tor the centre of the earth. But 
the diameter of the earth being, in round numbers, 8000 
miles, its side next the moon is-only 2000 miles from the 
common centre of gravity of the earth and moon, its 
centre 6000 miles from it, and its farthest side from the 
moon 10000 miles. Consequently the centrifugal forces 
of these parts arc as 2000, 6000 , and 10C00; i.e. the 
centiifugal force of any side of the earth, when it is 
turned from the moon, is 5 times as great as when it is 
turned towards the moon. And as the moon s attraction, 
expressed by the number 6000 at the earth’s centre, keeps 
the earth from flying out of this monthly circle, it must 
be greater than the centrifugal force ol the waters on the 
side next her; and consequently, her greater degree of 
attraction on that side is sufficient to raise them; but as 
her attraction on the opposite side is less than the centri¬ 
fugal force of the water there, the excess of this force is 
sufficient to raise the water just as high on the opposite 

side. ... 

To prove this experimentally, let the bar DC with its 
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furniture be fixcil on the Whirling-board of the machine 
(tig. 1.) by pushing the pm p into the centre of the 
board ; which pm is in the centre of gravity of the whole 
"bar with its three balls, e,fg, and moon M. Now if the 
whirling-board and bar be turned slowly round by the 
winch, till the ball f hangs over the centre of the circle, 
as in fig. 10, the ball g will be kept towards the moon 
by the "heaviest weight p ( fig. 8), and the ball e, on ac¬ 
count ot us greater centrifugal force, and the less weight 
r, will Hy off as far to the other side, as in fig. 10. And 
thus, while the machine is kept turning, the balls e and 
g will hang over the ends of the ellipse / fk. So that 
the centrifugal force of the hall e will exceed the moon’s 
attraction just as much as her attraction exceeds the 
centrifugal force of the ball g, while her attraction just 
balances the centrifugal force of the ball /, and makes 
it keep in its circle. Hence it is evident, that the tides 
must rise to equal heights at the same time on opposite 
sides of the earth. Set Ferguson’s Lectures on Mecha¬ 
nics, lect. 2, and I)esag. Lx. Phil. vol. 1 , lect. 5. 

\\ 1JIKLWIND, a wind exceedingly rapid and impetu¬ 
ous, which moves in a spiral manner, as well as hori¬ 
zontally, which is but only of -lioit duration. I)r. Frank¬ 
lin, in his Physical and Meteorological Observations, 
read to the Royal Society in 1756’, supposes a whirlwind 
and a waterspout to proceed from the same cause, namely 
a stream of elastic mutter rushing violently into the at¬ 
mosphere out of the earth : their only difference being, 
that the latter passes over the water, and the former over 
the land. This opinion is corroborated by the observa¬ 
tions of M. dc la Prymc, and many others, who have re¬ 
marked the appearances and effects of both to be the 
same. They have both a progressive as well as a circu¬ 
lar motion ; they usually rise after calms and great heats, 
and mostly happen in the warmer latitudes: the wind 
blows every way from a large surrounding space, both 
to the waterspout and whirlwind ; and a waterspout has, 
by its progressive motion, passed from the sea to the land, 
and produced all the phenomena and cfl'ecis of a whirl¬ 
wind : so that there is no reason to doubt that they arc 
meteors arising Irom the same general cause, and expli¬ 
cable on the same principles, furnished by electrical ex¬ 
periments and discoveries. Sec Hurrican F.,nnd Water¬ 
spout. For Dr. Franklin’s ingenious method of account¬ 
ing for both these phenomena, see his Letters and Papers, 
&c, vol. l, pa. 191 , 216’, &c. 

WIIISPERING-P/mccs, are plnces where a whisper, 
or other small noise, may be henrd from one part to ano¬ 
ther, to a great distance. They depend on a principle, 
that the voice, &c, being applied to one end of an arch, 
easily passes by repeated reflections to the other. Thus; 
let a bc repre¬ 
sent the seg¬ 
ment of a 
sphere; and 
suppose a low 
voice uttered 
at a, the vibrn- 
tionsextending 
themselveseve- 
ry way, 6 ome 
of them will 
impinge on the 
points E, e, &c; and thence bc reflected to the points t, 
p, &c; thence too,o, &c ; till at last they meet in c; 


where by their union they cause a much stronger sound 
than in any part of the segment whatever, even louder 
than at the point from which they set out. Accordingly, 
all the contrivance in a whispering-place is, that near the 
person who whispers, there bc a smooth wall, arched 
either cylindrically, or elliptically, &c. A circular arch 
will do, but not so well. 

Some of the most remarkable places for w hispering, arc 
the following: viz, The prison of Dionysius at Syracuse, 
which increased a soft whisper to a loud noise ; or a clap 
of the hand to the report of a cannon, &c. The aque¬ 
ducts of Claudius, which conducted a voice 16 miles: 
beside divers others mentioned by Kirchcr in his Pho- 
nurgia. In England, the most considerable whispering 
places are, the dome of St. Paul’s church, London, where 
the ticking of a watch may bc heard from side to side, and 
a very soft whisper may be sent quite round the dome : 
this Dr. Dcrham found to hold not only in the gallery 
below, but above on the scaffold, where a whisper would 
be carried over a person’s head round the lop ol the arch, 
though there be a large opening in the middle of it into 
the upper part of the dome? And the celebrated whisper- 
ing-placc in Gloucester cathedral, which is only a gallery 
above the ca't end of the choir,' leading from one side of’ 
it to the other. Sec birch’s llist. of the Royal Soc. vol. I. 
pa. 120. 

WH1ST0N (Wii.liam), an English divine, philoso¬ 
pher, and mathematician, of uncommon abilities, learn¬ 
ing, and extraordinary character, was born the 9th of 
December I6’6’7, at Norton in the county of Leicester, 
w here his father was rector. He was educated under his 
father till lie was 17 years of age, when he was sent to 
Tnmworth school, and two years after admitted of Clare- 
hall, Cambridge, where he pursued his studies, and par¬ 
ticularly the mathematics, with great diligence. During 
this time ho became afflicted with a great weakness of sight, 
owing to close study in a \vliitcncd room ; which was in a 
good measure relieved by a little relaxation from study, 
and taking off the strong glare of light by hanging the 
place opposite his seat with green. 

In 1693 he became master of arts and fellow of the 
college, and soon nftcr commenced one of the tutors; but 
his ill stale of health soon after obliged him to’relinquish 
this profession. Hnving entered into orders, in 16’94 he 
became chaplain to Dr. More, bishop of Norwich; nnd 
whilu in this station he published hFs first work, A New 
Theory of the Earth &c; in which he undertook to prove 
that the Mosaic doctrine of the earth was perfectly agree¬ 
able to reason nnd philosophy : which work, having much 
ingenuity, (hough it was’ written against by Mr. John Kcill, 
brought considerable reputation to the author. 

In the year I6\98, bishop More gave him the living of 
Lowestofl’in Suffolk, where he immediately went to reside, 
and devoted himself with great diligence to the discharge 
of that trust.—In the beginning of the last century he was 
made sir Isaac Newton’s deputy, and afterwards his suc¬ 
cessor, in the Lucasian professorship of mathematics; when 
he resigned his living at Lowestoff, and went to reside at 
Cambridge. From this time his publications became very 
frequent, both in theology and mathematics. Thus, in 
1702 he published, A Short View of the Chronology of 
the Old Testament, and of the Harmony of the four Evan- 

f clists—In 1707, Praelectiones Astronomic®; besides 8 
erraons on. ihe Accomplishment of the Scripture Pro¬ 
phecies, preached at BovlefS lecture; and Newton's Arith- 
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metica Universalis.—In 17OS, Tacquet’s Euclid, with se¬ 
lect Theorems of Archimedes; tl»c former of which had 
accidentally been Iiis fir.-l introduction to the study ot llic 
mathematics.— In the same year lie drew up an Essay on 
the Apostolical Constitutions, which the vice chancellor 
refused Ins licence for printing. The author informs u>, 
he had read over the two first centuiies of the church, and 
found that the Luscbian or Arian doctrine was chiefly the 
doctrine of those ages, which, though deemed heterodox, 
he thought it ms duty to discover.— In 170'J, lie published 
a volume ul Sermons and Essays on various subjects.— 

In 1710, Pneleciiones Physico-Muthematicsi, winch, with 
the Prwlcctioiics Astronomic®, were translated and pub¬ 
lished in English And it may be said, with no small ho¬ 
nour to the memory of Mr. Whislon, that he was one of 
the first who explained the Newtonian philosophy in a po¬ 
pular way, so as to be intelligible to the generality of 
readers.—Among other things also, he translated the 
Apostolical Constitutions into English, which favoured 
the doctrine of the supremacy of the Fattier and subordina¬ 
tion of the bon, vulgarly called the Arian heresy: on 
which his fri'MKls b< gall to hi alarmed for him; and the 
consequence allowed it was not groundless; for, Oct. 30, 
1710, lie. was deprived of his professorship, and expelled 
the university of Cambridge, alter he had been formally 
convened and interrogated lor several successive days.— 
At the conclusion ol this year, he wrote his Historical 
Pref.ce, afterwards pr» fixed to i ts Primitive Christianity 
Revived, containing the rca-ous for his dissent from the 
commonly receiv«d notions ol the I runty, winch work he 
published the next year, hi 4 volumes 8vo, for winch the 
Convocation fell upon him most vehemently. 

In 17 13, he ..ml Mr. Union composed their scheme for 
finding the longitude, which they published the year fol¬ 
lowing. a method which consisted in measuring distances 
by means of the velocity of sound ; some inure particulars 
ot.w ich are related in the lile of Mr. Ditton.— In 1719, 
he published an ironicnl Letter of '1 hanks to doctor Ro¬ 
binson, bishop of London, for his late Letter to his clergy 
against the use of New Forms of Doxology. And, the 
same year, a La tter to the earl of Nottingham, concern¬ 
ing the Eternity of the Son of God, uud his Holy Spirit. 
—In 1720, lie was proposed by sir I Ians Sloane and Dr. 
Halley to the Royal Society as a member; but was re¬ 
fused admittance by sir Isaac Newton the president. 

On Mr. Wbiston’s expulsion from Cambridge, he went 
to London, where lie conferred with Doctors Clarke, 
Iioadley, and other learned men, w ho endeavoured to mo¬ 
derate his zeal, which however he would not suffer to be 
tainted or corrupted, -and many were not much satisfied 
with the authority of these constitutions, hut approved his 
integrity, Mr. Whislon now settled in London with his 
family; where, without suffering his ardour to be intimi¬ 
dated, he continued to write, and to propagate his Pri¬ 
mitive Christianity with as much fervency as if he had 
been in the most flourishing circumstances; which how¬ 
ever were so bad, that, in 1721, a subscription was made 
for the support of his family, which amounted to 4701. 
For though he drew some profits from reading astronomi¬ 
cal and philosophical lectures, and also from his publica¬ 
tions, which were very numerous, yet these of themselves 
were*very insufficient; nor, when joined with the benevo¬ 
lence and charity of those who loved and esteemed him for 
his learning, integrity, and piety, did they prevent his 
being frequently in great distress.—In 1722 he published 


an Essay towards restoring the true text of the Old Testa¬ 
ment.—In 1724, The Literal Accomplishment of Scripture 
Prophecies.—Also, The Calculation of Solar Eclipses with¬ 
out Parallaxes.—In 1726, Of the T hundering Legion &c. 
—In 17^7, A Collection of Authentic Records belonging 
to the Old and New Testament.—In 1730, Memoirs of 
the Life ol Dr. Samuel Clarke.— In 1732, A V indication 
of the Testimony of Phlegon, or an Account of tlie Great 
Darkness and Earthquake at our Saviour’s Passion, de¬ 
scribed by Phlegon.— In 1736', Athanasiun Forgeries, Nc. 
And the Primitive Eucharist revived —In 1737, l be Astro¬ 
nomical V ear, particularly of the Comet foretold by sir 
Isaac Newton.—Also the Genuine Works of Havius Jose¬ 
phus.—In I73J1, Mr. Whislon put in his claim to the ma¬ 
tin-math al professorship at Cambridge, the n vacant by the 
death of Dr. Saunderson, in a letter to Dr. Ashton, the 
master of Jesus-college; but no regard was paid to it.— 
In 1745, he published Ins Primitive New Testament in 
English.—In 1748, his Sacred History of the Old and 
New Testament. Also, Memoirs of his own Life and 
Writings, which are very curious. 

Winston continued many years a member of the estab¬ 
lished church ; but at length forsook it, on account of the 
reading of the Athanasian Creed, and went oxer to the 
Baptists; which happened while be was at the house ot 
Samuel Barker, Esq. at Lindon in Rutlandshire, w ho had 
married his daughter ; where he died, alter a week’s ill- 
mss, the 22d of August 1732, at upwards ol S4 years of 
age.—We have mentioned the principal ol Ins writings in 
the foregoing memoir; to which may be added, C luonolo- 
gical Tables, published in 1750; ami one paper only in 
the Philos. Trans. vol.Sl, on two mock suns, and a halo 
seen in Oct. 1721. 

T he character of this conscientious and worthy man has 
been attempted by two very able personages, who were 
well acquainted with him, namely, bishop Hu re and Mr. 
Collins, who unite'in giving him the highest applauses, 
for his integrity, piety, &c.—Mr. Whiston left some chil¬ 
li run behind him; among them, Mr. John Whislon; who 
xvas for many years a very considerable bookseller in 
London. . 

WHITE, one of the colours of bodies. Though white 
cannot properly be suid to be one colour, but rather a 
composition of’all the colours together: for Newton has 
demonstrated that bodies only appear white by reflecting 
all the kinds of coloured rays alike ; and that even the 
light of the sun is only white, because it consists of all 
colours mixed together. 

This may be shown mechanically in the following man¬ 
ner : Take seven pufcels of coloured fine powders, the 
same as the primary colours of the rainbow, taking such 
quantities of these as shall be proportionul to the respec¬ 
tive breadths of these colours in the ruinboxv, which are 
of red 43 parts, orange 27. yellow 48, green 60, blue 60, 
indigo 40, and of violet 80; then mix intimately together 
these seven parcels of powders, and the mixture will he a 
pretty white colour: this is only similar to the uniting the 
prismatic colours together again, to form a white ray or 
pencil of light of the whole of them. The same thing is 
performed conveniently thus: Let the flat upper surface 
of a top be divided into 360 equal parts, nil around its 
edge ; then divide the same surface into seven sectors in 
the proportion of the numbers above, by seven radii or 
lines drawn from the centre; next let the respective co¬ 
lours be painted in a lively manner on these spaces, but 
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so as the edge of each colour may be made nearly like the 
colour next adjoining, that the separation may not be 
well distinguished by the eye; then if the top be made to 
spin, the colours will thus seem to be mixed all together, 
and the whole surface will appear of a uniform whiteness : 
it a large round black spot be painted in the middle, so as 
there may be only a broad flat ling of colours around it, 
the experiment will succeed the better. See Newton's 
Optics, prop. 6 , book 1 ; and Ferguson's Tracts, pa. 296 . 

White bodies are tound to take heat slower than black 
ones; because the latter absorb or imbibe rays of all kinds 
and colours, and the former reflect them. Hence it is 
that black paper is sooner put in flame, by a burning- 
glass, than white ; and hence also black clothes, bung up 
in the sun by the dyers, dry sooner than white ones. 

WHITEHURST (John), an ingenious English philo¬ 
sopher, was born at Conglcton in the county of Cheshire, 
the I Oth of April 1713, being the son of a clock and watch¬ 
maker there. Of the early part of his life but little is 
known. On his quitting school, where it seems the edu¬ 
cation he received was very defective, he was brought up 
by Ins father to his own profession, in which he soon gave 
hopes of Ins future eminence. 

It was early in life that, from his vicinity to the many 
stupendous phenomena in Derbyshire, which were con¬ 
stantly presented to his observation, his attention was ex¬ 
cited to inquire into the various causes of them. 

At about the age of 21, his eagerness after new ideas 
carried him to Dublin, having heard of an ingenious piece 
of mechanism in that city, being a clock with certain cu¬ 
rious appendages, which he was very desirous of seeing, 
and no less so of conversing with the maker. On his ar¬ 
rival however, he could neither procure a sight of the for¬ 
mer, nor draw the least hint from the latter, concerning it. 
Thus disappointed, he fell upon an expedient for accom¬ 
plishing his design ; and accordingly took up his residence 
in the house of the mechanic, paying the more liberally 
for his board, as he thus had hopes of more readily ob¬ 
taining the indulgence wished for. He was accommo¬ 
dated with a room directly over that in which the favou¬ 
rite piece was kept carefully locked up : and he had not 
long to wait for his gratification ; for the artist, while one 
day employed in examining his machine, was suddenly 
called downstairs; which the young inquirer happening 
to overhear, softly slipped into the room, inspected the ma¬ 
chine, and, presently satisfying himself as to the secret, 
escaped undiscovered to his own apartment. His end thus 
compassed, he shortly after bade’the artist farewell, and 
returned to his father in England. 

About two or three years after his return from Ireland, 
he left Conglcton, and entered into business for himself 
at Derby, where he soon procured great employment, 
and distinguished himself very much by several ingenious 
pieces of mechanism, both in his own regular line of 
business, and in various other respects; as, in the con¬ 
struction of curious thermometers, barometers, and other 
philosophical instruments, as well a** in ingenious con¬ 
trivances for water-works, and the erection of various 
larger machines: being consulted in almost all the un¬ 
dertakings in Derbyshire, and in the neighbouring coun¬ 
ties, where the aid of superior skill in mechanics, pneu¬ 
matics, atid hydraulics, was requisite. 

In tfris manner his time was fully and usefully employ¬ 
ed in the country, till, in 1775, when the act passed for 
the better regulation of the gold coin, he was appointed 


stamper of the money-weights; an office conferred on 
him, altogether unexpectedly, and without solicitation. 

On this occasion he removed to London, where he spent 
the remainder of his days, in the constant habits of cul¬ 
tivating some useful parts of philosophy and mechanism. 
And here his house became also the constant resort 
of the ingenious and scientific at large, of whatever na¬ 
tion or rank, and this to such a degree, as very often to 
impede him in the regular prosecution of his own specu¬ 
lations. 

In 1778, Mr. Whitehurst published his Inquiry into 
the Original State and Formation of the Earth; of which 
a second edition appeared in 1786 , considerably enlarged 
and improved ; and a third in 1792. This was the labour 
of many years; and the numerous investigations neces¬ 
sary to its completion, were in themselves also of so un¬ 
toward a nature, as at times, though he was naturally of 
a strong constitution, not a little to prejudice his health.- 
When he first entered on this species of research, it was 
not altogether with a view to investigate the formation of 
the earth, but in part to obtain such a competent know¬ 
ledge of subterraneous geography as might become sub¬ 
servient to the purposes of human life, by leading man¬ 
kind to the discovery of many valuable substances which 
lie concealed in the lower regions of the earth. 

May the 13th, 1779, he was elected and admitted a 
Fellow of the Royal Society. lie was also a member of 
some other philosophical societies, which appointed him 
of their respective bodies, without his previous know¬ 
ledge; but so remote was he from any thing that might 
savour of ostentation that this circumstance was known 
only to a very few of bis most confidential friends. Be¬ 
fore he \fas admitted a member of the Iloyal Society, 
three several papers of his had been inserted in the Phi¬ 
losophical Transactions, viz, Thcrmometrical Observa¬ 
tions at Derby, in vol. 57 ; An Account of a Machine 
for raising Water, at Oulton, in Cheshire, in vol. 65 ; and 
Experiments on Ignited Substances, vol. 66: which three 
papers were printed afterwards in the collection of his 
works in 1792. 

In 1783 he made a second visit to Ireland, with a view 
lo examine the Giants' Causeway, and other northern 
parts of that island, which he found to be chiefly com¬ 
posed of volcanic matter: an account and representa¬ 
tions of which are inserted in the latter editions of his 
Inquiry. During this excursion, he erectod an engine, 
for raising wuier from a well, to the summit of a hill, in 
a bleaching ground, at Tulliiloi, in the county of Tyrone: 
it is worked by a current of water, aud for its utility is 
perhaps unequalled in any country. 

In 1787 be published, An Attempt toward obtaining 
Invariable Measures of Length, Capacity, and Weight, 
from the Mensuration of Time. * His plan is, to obtain 
a measure of the greatest length that convenicncy will 
permit, from two pendulums whose vibrations are in the 
ratio of 2 to 1, and whose lengths, coincide nearly wkh 
the English standard in whole numbers. The uumbers 
which he has chosen show much ingenuity. On a sup¬ 
position that the length of a seconds pendulum, in the 
latitude of London, is 3 9r inches, the length of one vi¬ 
brating 42 times in a minute, must be 8ft inches; and ot 
another vibrating 84 times in a minute must be 20 inches; 
their difference, 60 inches, or 5 feet, is his standard mea¬ 
sure. By the experiments however, the difference be¬ 
tween the lengths of the two pendulum! rods, was found 
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to be only 59'8f)2 inches, instead of 6 0, owing to the 
error in the assumed length of the seconds pendulum, 
39inches being greater than the truth, which ought to 
be 39i very yearly. By this experiment, Mr. White¬ 
hurst obtained a fact, as accurately as may be in a thing 
of this nature, viz, the difference between the lengths of 
two pendulum rods whose vibrations are known: a datum 
from which may be obtained, by calculation, the true 
lengths of pendulums, the spaces through which heavy 
bodies fall in a given time, and many other particulars 
relating to the doctrine of gravitation, the figure of the 
earth, &c, Sic. 

Mr. Whitehurst had been at times subject to slight at¬ 
tacks of the gout, and he had for several \ears felt him¬ 
self gradually declining. By an attack of that disease in 
his stomach, after u struggle of two or three months, it 
put an end to his laborious and useful life, on the ISth 
of February 17 S 8 , '» the 73th year of his age, at his 
house in Bolt-court, Fleet-street, being the same house 
where another eminent self-taught philosopher, Mr. dames 
Ferguson, had just before him lived and died. 

For several years before his death, Mr. Whitehurst had 
been at times occupied in arranging and completing some 
papers, for a treatise on Chimneys, Ventilation, and Gar¬ 
den-stoves; which have since been collected and given 
to the public, by Dr. W’illnn, in 17.94. 

However respectable Mr. Whitehurst may have been 
in mechanics, and those parts of natural science which 
he more immediately cultivated, he was of still higher 
account with his acquaintance and friends on the score 
of his moral qualities. To say nothing of the upright¬ 
ness and punctuality of his dealings in all transactions 
relative to business; few men have been known to possess 
more benevolent affections than he, or, being possessed 
of such, to direct them more judiciously to their proper 
ends. With regard to his person, he was above the mid¬ 
dle stature, ruthcr thin than otherwise, and of a coun¬ 
tenance expressive at once of penetration and mildness. 
His fine gray locks, unpolluted by art, gave a venerable 
air to his appearance. In dress he was plain, in diet 
temperate, in his general intercourse with munkind easy 
and obliging. In company he was cheerful or grave alike, 
according to the dictate of the occasion; with now nnd 
then a peculiar .species of humour about him, delivered 
with such gravity of manner and utterance, that those 
who knew him but slightly were apt to understand him as 


whom lie continued sometime. Adhering to the parlia¬ 
ment during the civil wars, they made him warden of 
Wadham college about the year 1648. In 1636' he mar¬ 
ried the sister of Oliver Cromwell, then lord protector of 
England, who granted him a dispensation to hold his war- 
denship, notwithstanding his marriage. In 1659, he was 
by Richard Cromwell made master of Trinity college in 
Cambridge ; but ejected ihc year following,on the restora¬ 
tion. He was then chosen preacher to the society of 
Grab’s Inn, and rector of St. Lawrence Jewry, London, 
on the promotion of Dr. Seth Ward to the bi>hoprick of 
Exeter. He was one of the first members of the Royal 
Society, was chosen of their council, being indeed their 
first chief secretary, and proved one o! their most emi¬ 
nent members. He was afterwards made dean of Rippon, 
and in 166S bishop of Chester; but died of the stone in 
16'7‘», at 58 years of age. 

Bishop Wilkins was a man who thought it prudent to 
submit to the powers in being; he therefore subscribed 
to the solemn league and covenant, while it was enforced ; 
and was equally ready to swear allegiance to king Charles 
w hen he was restored : this, with his moderate spirit to¬ 
wards dissenters, rendered him not very agreeable to the 
churchmen ; and yet several of them could not but give 
him one of the best of characters. Burnet writes, that 
“ he was a man of as great a mind, as true a judgment, 
as eminent virtues, and of as good a soul, as any lie 
ever knew : that though he married Cromwell’s sister, yet 
he made no other use of that alliance, but to do good 
offices, and to cover the university of Oxford from the 
sourness of Owen and Goodwin. At Cambridge, he 
joined with those who studied to propagate better thoughts, 
to divert men from parties, or from narrow notions, from 
superstitious conceits, and fierceness about opinions. lie 
was also a great observer and promoter of experimental 
philosophy, which was then quite a new subject, and much 
sought after. He was naturally ambitious, but was the 
wisest clergyman I ever knew. He \vas a lover of man¬ 
kind, and had a delight in doing good." The same histo¬ 
rian mentions afterwards another quality which Wilkins 
possessed in a supreme degree, and which it was well for 
him he did, since he had great occasion for the use of 
it; and that was, says he, “b courage, which could 
stand against a current, and against all the reproaches 
with which ill-natured clergymen studied to load him.” 
Of his publications, which arc all of them very ingc- 


who knew him but to ™ -^'Tearned, aiid many of them particularly cu- 

senous, When he was merdjplayful -. But any do entcrtainin „ th e first was in 1638, when ho was 


sire of information oil subjects in which he was conver¬ 
sant was expressed, he omitted no opportunity of im- 

^ WHITSUN DAY, the 50lh day or seventh Sunday from 
Easter.—The season properly called Pentecost, is popu¬ 
larly called Whitsuntide; because, it is said, in the primi¬ 
tive church, the newly baptized persons came to church 
between Easter nnd Pentecost in white garments. 

WILKINS (Dr. John), a very ingenious and learned 
English bishop and mathematician, was the son of a gold- 
smitli at Oxford, and born in 1614. After being edu¬ 
cated in Greek and Latin, ip which he made a very quick 
progress, he was entered a student of New Inn in that 
university, when lie was but 13 yean of age ; but after a 
short stay there, lie wus removed to Magdalen Hall, 
where he took his degrees. Having entered into holy 
orders, he first became chaplain to William Lord Say, and 
afterwards to Charles Count Palatine of the Rhine, with 

Vol. II. 
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rious and entertaining, the first was in 1638, when he was 
only 24 years of ago, viz. The Discovery of a New World; 
or, A Discourse to prove, that it is probable there may 
be another Habitable World in the Moon; with a Dis¬ 
course concerning the Possibility of a Passage thither.— 
In 1640, A Discourse concerning a New Planet, tending 
to prove that it is probable our earth is one 'of the Pla¬ 
nets.—In 1641, Mercury ; or, the Secret and Swift Mes¬ 
senger; showing, how a man may with Privacy and 
Speed communicate his Thoughts to a Friend at any 
Distance, 8vo.—In 1648, Mathematical Magic; or, tho 
Wonders that may be performed by Mathematical Geo¬ 
metry, 8vo. All these pieces were published entire in 
one volume 8vo, in 1708, under the title of, The Mathe¬ 
matical and Philosophical Works of the Right Rev. John 
Wilkins, Sic'; with a print of the author and general title 
page handsomely engraven, and an account of his life 
and writings. To this collection is also subjoined aa 
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abstract of a larger work, printed in l6GS, folio, en¬ 
titled, An Essay towards a Ileal Character and a Philo¬ 
sophical Language. These were all his mathematical 
and philosophical works; beside which, he wrote several 
tracts in theology, natural religion, and civil polity, 
which were much esteemed for their piety and modera¬ 
tion, and went through several editions. He was also the 
inventor of the Perambulator, or Measuring-wheel. 

WILSON (Alex.) m. d. was professor of astronomy 
in the university of Glasgow, and also very respectably 
learned in other arts and sciences, and was author of some 
ingenious papers in the Philos. Trans. He was also re¬ 
markably eminent as a founder of printing-types, an art 
w hich he carried to a high state of excellence. Dr. Wil¬ 
son died Oct. 18, 1786, and was succeeded, in both his 
professions, by his ingenious and learned son. 

WINCH, a popular term for a windlass. Also the 
bent handle for turning round wheels, grind-stones, &c. 

WIND, a current or stream of air, especially when it 
is moved by some natural cause. Winds are denomi¬ 
nated from the point of the compass or horizon they 
blow from ; as the east wind, north wind, south wind, 
&c. Winds are also divided into several kinds; as «*enc- 
ral, particular, perennial, stated, variable, &c. 

Constant or Perennial Winds, arc those that always 
blow the same way; such as the remaikablc one between 
the two tropics, blowing constantly from east to west, 
called also the general trade-wind. 

Stated or Periodical Winds, arc those that constantly 
return at certain times. Such arc the sea and land 
breezes, blowing from land to sea in the morning, and 
from sea to land in the evening. Such also are the shift¬ 
ing or particular trade-winds, which blow one way dur¬ 
ing certain months of the year, and the contrary way 
the rest of the year. 

Variable or Erratic Winds, arc such as blow without 
any regularity cither as to time, place, or direction. Such 
arc the winds in the interior parts of England,&c: though 
some of these claim their certain times of the duy; as, 
the north wind is most frequent in the morning, the west 
wind about noon, and the south wind in the night. 

General Wind, is such as blows at the same time the 
same way, over a very large tract of ground, most part of 
the year; as the general trade-wind. 

Particular Winds, include all others, except the ge¬ 
neral trade winds. Those peculiar to one little canton or 
province, are called topical or provincial winds. The 
winds arc also divided, with respect to the points of the 
compass or of the horizon, into cnrdinal and collateral. 

Cardinal Winds, are those blowing from the four cnr¬ 
dinal points, cast, west, north, and south. 

Collateral Winds, arc the intermediate winds between 
any two cardinal winds, and take their names from the 
point of the compass or horizon they blow from. 

In navigation, when the wind blows gently, it is called 
a breeze; when it blows harder, it is called a gale, or a 
stiff gale; and when it blows very hard, a storm. For a 
particular account of the trade-winds, monsoons, &rc, 

n los * rrnns * No< 183 * or Abridg. vol. 1, pa. 375. 
Also Kobcrtson’s Navigation, book 5, sect. 6. 

A wind blowing from the sea, is always moist; as bring¬ 
ing with it the copious evaporation and exhalations from 
the waters: also, in summer, it is cool; and in winter 
warm. On the contrary, a wind from the continent, is 
always dry; warm in summer, and cold in winter. Our 

I . 


northerly and southerly winds however, which are usually 
accounted the causes of cold and warm weather, Dr. 
Dcrham observes, arc really rather the effect of the Cold 
or warmth of the atmosphere. Hence it is that wc often 
find a warm southerly wind suddenly change to the north, 
by the fall of snow or hail ; and in a cold frosty morning, 
wc find the wind north, which afterward shifts about to 
the southerly quarter, when the sun has well warmed the 
air; and again in the cold evening, turns northerly, or 
easterly. 

Physical Cause of Winds. Some philosophers, as Des¬ 
cartes, llohault, &c, account for the general wind, from 
the diurnal rotation of the earth; and from this general 
wind they derive all the particular ones. Thus, as the 
earth turns eastward, the particles of the air near the 
equator, being very light, arc left behind ; so that, in re¬ 
spect of the earth’s surface, they move westwards, and be¬ 
come a constant easterly wind, as they are found between 
the tropics, in those parallels of latitude where' the diurnal 
motion is swiftest. Hut yet, against this hypothesis, it is 
urged, that the air, being kept close to the earth by the 
principle of gravity, would in time acquire the same de¬ 
gree of velocity that the earth’s surface moves with, as 
well in respect of the diurnal rotation, as of the an¬ 
nual revolution about the sun, which is about 30 times 
swifter. 

Dr. Halley therefore substitutes another cause, capable 
of producing a like constant effect, not liable to the same 
objections, but more agreeable to the known properties of 
the elements of air and water, and the laws of the motion 
of fiuid bodies. And that is the action of the sun’s beams, 
as he passes every day over the air, earth, and water, 
combined with the situation of the adjoining continents. 
Thus, the air which is less rarefied or expanded by heat, 
must have a motion towards those parts which are more 
rarefied, and less ponderous, to bring the whole to an 
equilibrium ; and as the sun keeps continually shifting to 
the westward, the tendency of the whole body of the 
lower air is that way. Thus a general custerly wind is 
formed, which being impressed on the air of a vast ocean, 
the parts impel one another, and so keep moving till the 
next return of the sun, by which so much of the motion 
as was lost, is again restored; and thus the easterly wind 
is made perpetual. But as the air towards the north and 
south is less rarefied than in the middle, it follows that 
from both sides it ought to tend towards the equator. 

This motion, compounded with the former easterly 
wind, accounts for all the phenomena of the general trade- 
winds, which, if the whole surface of the globe were sea, 
would blow quite round the world, as they are found to 
do in the Atlantic and the Ethiopfc oceans. But the large 
continents of land in this middle tract, being excessively 
heated, communicate their heat to the air above them, 
by which it is exceedingly rarefied, which makes it neces¬ 
sary that the cooler and denser air should rush in towards 
it, to restore the equilibrium. This is supposed to be the 
cause why, near the coast of Guinea, tho wind always 
sets in on the land, blowing westerly instead of easterly. 

From the same cause it happens, that there arc such 
constant calms in that part of the ocean called the rains; 
for this tract being placed in the middle, between the 
westerly winds blowing on the coast of Guinea, and the 
easterly trade-winds blowing to the westward of it; the 
tendency of the air here is indifferent to either, and so 
stands in cquilibrio between both ; and the weight of the 
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incumbent atmosphere being diminished by the continual 
contrary winds blowing hence, is the reason that the air 
here retains not the copious vapour it receives, but lets it 
fall in so frequent rains. 

It is also to be considered, that to the northward of the 
Indian ocean there is every where laud, within the usual 
limits of the latitude ot 30°, viz, Arabia, Persia, India, 
6cc, which ure subject to excessive heats when the sun is 
to the north, passing nearly vertical; but which are tem¬ 
perate enough when the sun is removed towards the other 
tropic, because of a ridge of mountains at some distance 
within the land, said to be often in winter covered with 
sTlow, over which the air as it passes must needs be much 
chilled. Hence it happens that the air coming, accord¬ 
ing to the general tulc, out of the north-east, to the In¬ 
dian sea, is sometimes hotter, sometimes colder, than that 
which, by' a circulation of one current over another, is 
returned out of the south-west; and consequently some¬ 
times the under current, or wind, is from the north-east, 
sometimes from the south-west. 

That this has no other cause, appears from the times 
when these winds set in, viz, in April: w hen the sun begins 
to warm these countries to the north, the south-west mon¬ 
soons begin, and blow during the heats till October', when 
the sun'having retired, and all things growing cooler 
northward, but the heat increasing to the south, the north- 
cast winds enter, and blow all the winter, till April again. 
And it is doubtless from the same principle, that to the 
southward of the equator, in part of the Indian ocean, 
the north-west winds succeed the south-east, when the 
sun draws near the tropic of Capricorn. Philos. I rails. 

No. 183. . , _ „ , 

Hut some philosophers, not satisfied with Dr. Halley s 

theory above recited, or thinking it not sufficient lor ex¬ 
plaining the various phenomena of the wind, have had re¬ 
coil rsc°to another cause, viz, the gravitation of the earth 
and its atmosphere towards the sun and moon, to which 
the tides are confessedly owing. They allege that, though 
wc cannot discover aerial tides, of ebb or flow, by means 
of the barometer, because columns of air of unequal 
height, but different density, may have the same pressure 
or weight; yet the protuberance in the atmosphere, which 
is continually following the moon, must, say they, occa¬ 
sion a motion in all parts, and so produce a wind more or 
less to every place, which conspiring with, or being coun¬ 
teracted by, the winds arising from other causes, makes 
them greater or less. . Several dissertations to this pur¬ 
pose were published, on occasion of the subject proposed 
by the Academy of Sciences at Berlin, for the year 1740. 
But Musscbcnbroek will not allow that the attraction of 
the moon is the cause of the general wind ; because the 
cast wind docs not follow the motion of the moon about 
the earth ; for in that case there would be more than 21 
changes, to which it would be subject in the course of 
a year, instead of two. Introd. ad Phil. Nat. vol. 2, 

pa. 1102. .... . 

And Mr. Henry Eclcs, conceiving that the rarefaction 

of the air by the sun cannot simply be the cause of all 
the regular and irregular motions which we find in the 
atmosphere, ascribes them to another cause, viz, the 
ascent and descent of vapour and exhalation, attended by 
the electrical fire or fluid ; and on this principle he has 
endeavoured to explain at large the general phenomena 
of the weather and barometer. Philos. Trans, vol. 49, 

pa. 124, 


Lav;s cf the Production o/Wiy r>. 

The chief laws concerning the production of wind, 
may be collected undvr the following heads. 

1. If the spring of the air be weakened in any place 
more than in the adjoining places, a wind will blow 
through the place where the diminution is ; because the 
less elastic or forcible will give way to that which is more 
so, and thence induce a current of air into that place, 
or a wind. Hence, because the spring of the air in¬ 
creases, as the compressing weight increases, and com¬ 
pressed air is denser than that which is less compressed ; all 
winds blow into rarer uir,out of a place tilled with a denser. 

2. Therefore, because a denser air is specifically hea¬ 
vier than a rarer; an extraordinary lightness of the air in 
any place must be attended with extraordinary winds, or 
storms. Now, an extraordinary fall of the mercury in the 
barometer showing an extraordinary lightness of the at¬ 
mosphere, it is iio wonder if that forctels storms of wind 
and rain. 

3 . If the air be suddenly condensed in any place, its 
spring will be suddenly diminished; and hence, if this 
diminution be great enough to affect the barometer, a 
wind will blow through the condensed air. But since the 
air cannot be suddenly condensed, unless it has before 
been much rarefied, a wind will blow through the air, as 
it cools, after having been violently heated. 

4. In like manner, if air be suJdtnly rarefied, its spring 
is suddenly increased; and it will therefore flow through 
the air not acted on by the rarefying force. Hence a 
wind will blow out of a place, in which the air is sud¬ 
denly rarefied; and on this principle probably it is, that 
the sun, by rarefying the air, must have a great influence 

on the production of winds. 

5. Most caves arc found to emit wind, either more or 
less." Musschenbroek hiss enumerated a variety of causes 
that produce winds, existing in the bowels of the earth, on 
its surface, in the atmosphere, and above it. See Introd. 
ad Phil. Nat. vol. 2, pa. Ul6. 

6 The rising and changing of the winds arc determined 
by weathercocks, placed on the tops of high buildings, 
&c. But these only indicate what passes about their 
own height,' or near the surface of the earth. And Wol- 
fius assures us, from observations of several years, that 
the higher winds, which drive the clouds, are different 
from the lower ones, which move the weathercocks. In¬ 
deed it is no uncommon thing to sec one tier of clouds 
driven one way by a wind, and another tier just over the 
former driven the contrary way, by another current of 
air, and that often with very different velocities. And the 
late experiments with air balloons have proved the fre¬ 
quent existence of counter winds, or currents of air. even 
when it was not otherwise visible, nor at all expected ; by 
which they have been fouud to take very diftorent and un¬ 
expected courses, as they have ascended to higher eleva¬ 
tions in the atmosphere. , , 

Lavs of the Force and Velocity of the W ind. 

Wind being only air in motion, and the motion of a 
fluid against a body at rest, creating the same resistance 
as when the body moves with the same velocity through 
the fluid at rest; it follows, that the force of the wind, 
and the laws of its action on bodies, may be referred to 
•those of their resistance when moved through it; and as 
these circumstances have been treated pretty fully under 
the article Resistance of the Air, there is no occasion 
here to make a repetition of them. Wc there laid down 
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both the quantity and laws of such a force, on bodies of 
different shapes and sizes, moving with all degrees of ve¬ 
locity up to 2000 feet per second, and also for planes set 
at all degrees of obliquity, or inclination to the direction 
of motion ; all these circumstances having, for the first 
time, been determined by real experiments. 

As to the Velocity of the ll ind : philosophers have made 
use of various methods for determining it. The method 
employed by Dr. Derham, was by letting light downy 
feathers fly in the air, and nicely observing the distance to 
which they were carried in any number of half seconds. 
He says that he thus measured the velocity of the wind 
in the great storm of August 1705, which he found moved 
at the rate of 33 feet in half a second, or 45 miles per 
hour: whence he concludes, that the most vehement 
wind does not fly at the rate of above 50 or 60 miles an 
hour ; and that at a medium the velocity of wind is at the 
rate of 12 or 15 miles per hour. Philos. Trans. No. 313. 

Mr. Brice observes however, that experiments with 
feathers arc liable to much uncertainty; as they hardly 
ever go forward in a straight direction, but spirally, or 
else irregularly from side to side, or up and down. 

He therefore considers the motion of a cloud, by means 
of its shadow over the surface of the earth, as a much 
more accurate measure of the velocity of the wind. In 
this way he found that the wind, in a considerable storm, 
moved at the rate of near 63 miles an hour; and when it 
blew a fresh gale, at the rate of 21 miles per hour; and 
in a small breeze it was near 10 miles an hour. Philos. 
Trans, vol.56, pa.22(i. 

In the Philos. Trans, for 1759, pa. lf>5, Mr. Smeaton has 
given a table, communicated to him by a Mr. Rouse, for 
showing the force of the wind, with several different velo¬ 
cities, which is here inserted below, ns I find the numbers 
nearly agree with my own experiments made on the resistance 
of the air, when the resisting surfaces arc reduced to the 
same size, by a due proportion for the resistance, which is 
in a higher degree than that of the surfaces. The tabic 
of my results is printed under the article Anemometer. 


A r l able of the different Velocities and Forces of the Wind, 
according to their common appellations. 


Velocity of the 
Wind. 

Perpendicu¬ 
lar force on 
1 jq. foot •in 
avoirdupois 
pounds. 

Miles 
in one 
hour. 

= feet in 
one se¬ 
cond. 

1 

.1*47 

•005 

2 

2*93 

•020 

3 

4*40 

•044 

4 

5*87 

•079 

5 

7*33 

•123 

10 

14*67 1 

•492 

15 

22*00 

M07 

20 

2934 

1*968 

25 

36*67 

3*075 

30 

44*01 

4*429 

3£ 

51*34 

6*027 

40 

58*68 

7*873 

45 

66*01 

9-963 

50 

73-35 

12-300 

60 

88-02 

17715 

80 

117-36 

31*490 

100 

146-70 

49*200 


Common appellations of the Winds. 


} 


Hardly perceptible. 

Just perceptible. 

Gentle pleasant wind. 

Pleasant brisk gale. 

Very brisk. 

High Winds. 

Very high. 

A storm or tempest. 

A great storm. 

A hurricane. 

A hurricane that tears up 
trees, and carries buildings 
&c before it. 


The velocity and force of the wind arc also de termined 
experimentally by various machines, called anemometers, 
wind-measurers, or wind-gages; the description of which 
sec under these articles. 

The force of the wind is nearly as the square of the vc- 
locity, or but little above it, in these velocities. Put the 
force is much more than in the simple ratio of the sur¬ 
faces, with the same velocity, and this increase of the ra¬ 
tio is the more, as the velocity is more. By accurate ex¬ 
periments with two planes, the one of 17$ square inches, 
the other of 32, which arc nearly in the ratio of 5 to 9 , I 
found their resistances, with a velocity of 20 feet per se¬ 
cond, to be, the one FI 96 ounces, and the other 2*542 
ounces; which ure in the ratio of S to 17, being an in¬ 
crease ol between £ and $ part more than the ratio of the 
surfaces. 

W INDAGE, of « Gun, is the difference between the 
diameter of the bore of the gun, and the diameter of the 
ball. Formerly the windage appointed in the English ser¬ 
vice, viz, -j'g of the diameter of the bore, of long usage, 
has be en far too much, perhaps owing to the first want of 
roundness in the ball, or to rust, foulness, nnd irregulari¬ 
ties in the bore of the gun. But lately a beginning has 
been made to diminish the. windage, which cannot tail to 
be of great adsantage; as the shot will go much truer, and 
have less room to bounce about from side to side, to the 
great damage of the gun : and besides, much less powder 
will sene for the same effect, as in some cases ■} or { the 
inflamed powder escapes by the windage. The French al¬ 
lowance ol windage is ^ of the diameter. For more on 
this subject, see the experiments described in my Tructs, 
vols. 2 ami 3. 

WIN DLASS, or Wixdlace, a particular machine used 
for raising hcftvy weights, ns guns, stones, anchors, &c. 

This is a very simple muchiuc, consisting only of an 
axis or roller, supported horizontally at the two ends by 
two posts and a pulley : the two posts meet at top, being 
placed diagonally, so as to prop each other ; and the axis 
or roller goes through the two posts, nnd turns in them ; 
the pulley being fastened at top, where the posts join. 
Lastly, there arc two staves or handspikes, which go 
through the roller, to turn it by; and the rope, which 
goes over the pulley, is wound on and off the same. 

Windlass, in a Ship, is an instrument in small ships 
placed upon deck, but just abaft the foremost. It consists 
of a stout piece of timber, in form of-an nxletrce, placed 
horizontally on two pieces of wood ut the ends, on which 
it is turned about by means of handspikes, put into holes 
inode for that purpose. This instrument serves for weigh¬ 
ing anchors, or hoisting any great weight in or out of the 
ship; it will purchase much more than any capstan, and 
that without uny dungcr to those who heave; for if, in 
heaving the windlass about, any of the hundspikes should, 
happen to break, the windlass would stop of itself.—See 
fig. 15, pi. 40. 

WiND-GVige, in Pneumatics, an instrument serving |o 
determine the velocity and force of the wind. See Ane¬ 
mometer, Anemoscope, and the article just above, con¬ 
cerning the force and velocity of the wind. 

Dr. Halos had various contrivances for this purpose, 
lie found (Stutical Essays, vol. 2 , pa. 326) that the air 
rushed out of a smith’s bellows, nt the’ rate of 68 $ feet in 
a second of time, when compressed with a force of half a 
pound on every square inch lying 911 the whole uppersur- 
facc of the bellows. The velocity of the air, as it passed 
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out of the trunk of his ventilators, was found to be at the 
rate of 3000 feet in a minute, which is at the rate of 34 
miles an hour. The same author obsertes, that the velo¬ 
city with which impelled air passes out at any orifice, may 
be determined by hanging a light valve over the nose ot a 
bellows, by pliant leathern hinges, which will be much 
agitated and lifted up !Vom a perpendicular to a more than 
horizontal position by the force ol the rushing air. 
There is also another more accurate way, he says, ot esti¬ 
mating the velocity of air, viz, by holding the orifice of 
an inverted glass siphon lull ot water, opposite to the 
stream of air, by which the water will be depressed in one 
leg, and raised in the other, in proportion to the force with 
which the water is impelled by the air. Descrip, ot A en- 
tilators, 1743, pa. 12. And this perhaps gave Dr. Lind 
the idea of his wind-gage, mentioned below. 

M. Bougucr contrived a simple instrument, by which 
may be immediately discovered the force which the wind 
exerts on a given surface. This is a hollow tube, aaiid 
(fig. 14, pi. 40), in which a spiral spring cn is fixed, that 
may be more or loss compressed by a rod fsd, passing 
through a hole within the tube at a a. Then having ob¬ 
served to what degree different forces or given weights are 
capable of compressing the spiral, mark divisions on the 
roil in such a manner, that the mark at s may indicate the 
weight requisite to force the spring into the situation ci> : 
afterwards join at right angles to this rod at r, a plane sur¬ 
face kfe of any given area at pleasure; then let this in¬ 
strument be opposed to the wind, so that it may strike the 
surface perpendicularly, or parallel to the rod; then will 
the mark at s show the weight to which the force of the 
wind is equivalent. 

Dr. Lind has also contrived a simple and easy apparatus 
of this kind, nearly on the last idea of Dr. Hales mention¬ 
ed above. This instrument is fully explained under the 
article Anemometer, and a figure of it given, pl.3, 
fig. 4. 

Mr. Benjamin Martin, from a hint first suggested by 
Dr. Burton, contrived an anemoscope, or wind-gage, of a 
construction like a wind-milk, with tour sails ; but the axis 
which the sails turn, is not cylindrical, but conical, like 
the fusee of a watch ; about this fusee winds a cord, hav¬ 
ing a weight at the end, which is wound always, by the 
force of the wind, on the sails, till the weight just balances 
that force, which will be at a thicker purt of the fusee 
when the wind is strong, and at a smaller part ot it when it 
is weaker. But though this instrument fchows when a 
wind is stronger or weaker, it will neither show what is 
the actual velocity of the wind, nor yet its force upon a 
square foot of direct surface; because the sails are set at 
an uncertain oblique angle to the wind, and this acts at 
different distances from the axis or centre of motion. 
Martin's Phil. Brit. vol. 2, pa.211. See the fig. 5. plate 3, 
vol. 1. 

Wisv-Gun, the same as Ain-Gi/n; which sec. 

WistD -Mill, a kind of mill which receives its motion 
from the impulse of the wind.—The internal structure of 
the windmill is much the same with that of watermills : 
the difference between them lying chiefly in an external ap¬ 
paratus, for the application of the power. This apparatus 
consists of an axis ef (fig. 11, pi. 41), through which pass 
perpendicular to it, and to each other, two arms or yards, 
ABandcu, usually about 32 feet long : on these yards are 
formed a kind of sails, vanes, or flights, in o trapezoid 
form, with parallel ends; the greater of which m is about 


6 feet, and the less to are determined by radii drawn from 
the centre E, to i and ii. 

These sails are to be capable of being always turned to 
the wind, to receive its impubc: for which purpose there 
are two different contrivances, which constitute the two 
different kinds ot windmills in common use. 

In the one, the whole machine is supported upon a 
moveable arbor, or axis, fixed upright on a stand or foot ; 
and turned round occasionally to sun the wind, by means 
of a lever. 

In the other, only the cover or roof of the machine, with 
the axis and sails, in like manner turns round with a pa¬ 
rallel or horizontal motion. For this purpose, the cover 
is built turret-wise, and encompassed with a wooden ring, 
having a groove, at the bottom of which are placed, at 
certain distances,a number of brass truckles ; and within 
the grooxc is another ring, on which the whole turret 
stands. To the moveable ring arc connected beams ab 
and fe\ and to the beam ab is fastened a rope at b, having 
its other end fitted to a windlass, or axis-in-peritrochio : 
this rope being drawn through the iron hook o, and the 
windlass turned, the sails ai# moved round, and set front¬ 
ing the wind, or with the axis pointing straight against the 
wind. 

The internal mechanism ofa windmill is exhibited in fig. 
12; where aiio is the upper room, and noz the lower 
one; ab the axle-tree passing through the mill ; stvw 
the sails covered with canvas, set obliquely to the wind, 
and turning round in the order of the letters ; CD the cog¬ 
wheel, having about 4S cogs or teeth, «, a, a, &c, which 
carry round the lantern ef, having 8 or 9 trundles or 
rounds, c,c, <•, kc, together with its upright axis os ; ik 
is the upper mill-stone, and ut the lower; qh is the 
bridge, supporting the axis or spindle os ; this bridge is 
supported by the beams e«/, XY, wedged up at c, d and x; 
z \- is the lifting tree, which stands upright; ab and ef are 
levers, whose cent res of motion are z and e; fghi is a cord, 
with a stone i, going about the pins g and A, and serving as 
a balance or counterpoise. The spindle/N is fixed to the 
upper millstone IK, by a piece of iron called the rynd, 
and fixed in the lower side of the stone, which is the only 
one that turns about, and its whole weight rests on a hard 
stone, fixed in the bridge «n at N. The trundle ef, and 
its axis ct, may be taken away ; for it rests by its lowo 
part at t by a square socket, and the top runs in the edge 
of the beam w. By bearing down the end /of the level 
fe, b is raised, which also raises zy, and this raises YX, 
which lifts up the bridge qu, with the axis NG, and the 
upper stone ik ; and thus the stones arc set at any di¬ 
stance. The lower or immoveable stone is fixed upon 
strong beams, and is broader than the upper one: the meal 
is conveyed through the tunnel no into u chest; p is the 
hopper, into which is put the corn, which runs through 
the spout r into the hole t, and so fulls between the stones, 
where it is ground to meal. The axis gi is square, which 
shaking the spout r, as it goes round, makes Ahe corn run 
out; rs is a string going about the pin s, and serving to 
move the spout nearer to the axis or farther from it, so as 
to make the corn run faster or slower, according to the 
velocity and force of the wind. And when the wind is 
strong, the sails are only covered in part, or on one side, 
or perhaps only one half of two opposite sails. Toward 
the end n of the axle tree is placed another cogwheel, 
'trundle, and millstones, with un apparatus like that just 
described; so that the same axis moves iwostoncs atoucc; 
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ami when only one pair is to grind, one of the trundles and 
its spindle are taken out: xyl is a girth of pliable wood, 
fixed at the end x; the other end / being tied to the lever 
Xvn, moveable about k ; and the end «i being put down, 
draws the girth xyl close to the cogwheel, which gently 
and gradually stops the motion of the mill, when required : 
P't is a ladder lor ascending to the higher part of the mill; 
and the corn is drawn up by means of'a rope, rolled about 
the axis ah, when the mill is at work. See Mill. 

Theory of the Windmill, Position of the Suits, fe. 

Were the sails set square on their arms or yards, and 
perpendicular to the axletrce, or to the wind, no motion 
would ensue, because the direct wind would keep them in 
an exact balance. But by setting them obliquely to the 
common axis, like the sails of a smoke-jack, or inclined 
like the rudder of a ship, the wind, by striking the surface 
of them obliquely, turns them about. Now this angle 
which the sails are to make w ith their common axis, or the 
degree of weathering, as the mill-wrights call it, so as that 
the wind may have the greatest effect, is a matter of nice 
inquiry, and has much occupied the thoughts of the ma¬ 
thematician and the artist. 

In examining the compound motions of the rudder of a 
ship, we find that the more it approaches to the direction 
of the keel, or to the course of the water, the more weakly 
this strikes it; but, on the other hand, the greater is the 
power of the lever to turn the vessel about. The obli¬ 
quity of the rudder therefore has, at the same time, both 
an advantage and a disadvantage. It has been a point of 
inquiry therefore to find the position of the rudder when 
the ratio of the advantage over the disadvantage is the 
greatest.. And M. Rcnau, in his theory of the working of 
ships, has found, that the best situation of the rudder is 
when it makes an angle of about 55 degrees with the keel. 

I he obliquity of the sails, with regard to their axis, 
has precisely the same advantage, and disadvantage, with 
the obliquity of the rudder to the keel. And M/Parent, 
seeking by the new analysis the most advantageous situa¬ 
tion of the sails on the axis, finds it the same angle of 
about 55 degrees. This obliquity has been determined by 
many other mathematicians, and found to he more accu¬ 
rately 54 0 44'. Sec Maclaurin’s Fluxions, pa. 733 p 
bimpsons Fluxions, prob. 17, pa. 521; Martin’s Philos. 
Britan, vcl. 1, pa. 220, vol. 2, pn.912; &c. 

I his inclination of the sails to their axis, however, is 
only that which gives the wind the greatest force to put 
the sail in motion, but not the angle which gives the force 

tl,c wind a maximum on the sail when in motion: for 
when the sail has a certain degree of velocity, it yields to 
the wind; nnd then that angle must be. increased, to give 
the wind its full effect. Maclaurin, in his Fluxions, 
pa. 734, has shown also how to determine this anolc. 

It may be observed, that the increase of this angle 
should be different according to the different velocities 
rom the axletrce to the further extremity of the sail. At 
‘he beginning, or axis, it should be 54° 44'; and thence 
continually increasing, giving the vane a twist, and so 
causing all the ribs of the vane to lie in different planes. 

i t ls , fa ' thcr observed, that the ribs of the vane or sail 
ught to decrease in length from the axis to the extremity, 
giving the vpne a curvilinear form; so that no part of the 
orce of any one rib be spent on the rest, but nil move 
independent of each other. The twist above mentioned, 

and the diminution of the ribs, arc exemplified in tbe 
wings of birds. 


As the ends of the sail nearest the axis cannot move 
with the same velocity which the tips or farthest ends 
have, though the wind acts equally strong or. them both, 
Mr. Ferguson (Lcct. on Mcch. pa. 52) suggests, that per¬ 
haps a better position than that of stretching them along 
the arms directly from the centre of motion, might bt° 
to have them set perpendicularly across the farther ends 
of the arms, and there adjusted lengthwise to the proper 
angle : for in that case both ends of the sails would move 
with the same velocity ; and being farther from the centre 
ol motion they would have so much the more power, and 
in this case there would be no occasion for having them 
so large as they are generally made; which would render 
them lighter, and consequently there would be so much 
the less friction on the thick neck of the axle, when it 
turns in the wall. 

Mr. Smcaton (Philos. Trans. 1759), from his experi¬ 
ments with windmill sails, deduces several practical 
maxims: as, 1 . That when the wind falls on a concave 
surface, it is an advantage to the power of the whole, 
though every part, taken separately, should not be dis¬ 
posed to the best advantage. By several trials lie has 
found that the curved form and position of the sails "will 
be best regulated by the numbers in the following table : 


6th Parts of the 

Angle with 

Angle with the 

radius or 

sail. 

the axis. 

plane 

of motion. 

1 

— w 

- 72° - 

- - 

18° 

2 


- 71 - 

•» • 

19 

3 

• — 

- 72 - 

- 

18 middle. 

4 

- “ 

- 74 - 

• • 

Iff 

5 

- 

- 77} - 

- - 

12} 

6 

■» • 

- 83 - 

- - 

7 end. 


2. That a broader sail requires a greater angle; and 
that when the sail is broader at the extremity, thun near 
the centre, this shape is more advantageous than that of 
a parallelogram. 

3. When the sails, made like sectors of circles, joining 
at the centre or axis, and filled up about 7 - 8 ths of the 
whole circular space, the effect was the greatest. 

4. The velocity of windmill sails, whether unloaded, 
or loaded so as to produce a maximum of effect, is nearly 
as the velocity of the wind; their shape and position be¬ 
ing the same. 

5. The load at the maximum is nearly, but somewhat 
less than, ns the square of the velocity of the wind. 

6. The effects of the same sails at a maximum, are 
nearly, but somewhat less than, as the cubes of the ve¬ 
locity of the wind. 

7. In sails of a similar figure and position, the num¬ 
ber of turns in a given time, are reciprocally as the ra¬ 
dius or length of the sail. 

8 . The effects of sails of similar figure and position, 
are as the square of their length. 

9- The velocity of the extremities of Dutch mills, as 
well as of the enlarged sails, in all their usual positions, 
is considerably greater than the velocity of the wind. 

M. Parent, in considering what figure the sails of n 
windmill should have, to receive the greatest impulse 
from the wind, finds it to be a sector of an ellipsis, whose 
centre is that of the axletrce of the mill; and the less 
semiaxis the height of 32 feet; as for the greater, it fol¬ 
lows necessarily from the rule that directs the sail to be 
inclined to the axis in the angle of 55 degrees. 

On this foundation he assumes four such sails, each 
being a quarter of nn ellipse; which he shows will re- 
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ccive all the wind, and lose none, as the common ones 
do. These 4 surfaces, multiplied by the lever with 
which the wind acts on one of,them, express the whole 
power the wind has to move the machine, or the whole 
power of the machine when in motion. 

The same author also observes that a wind mill 
with 6 elliptical sails, would still have more power 
than one with only four. It would only have the same 
surface with the four; since the 4 contain the whole 
space of the ellipsis, as well as the (>'. But the force of 
the 6* would be gieater than that of the 4, in the ratio of 
245 to 231. If it were desired to have only two sails, 
each being a semi-ellipsis, the surface would still be the 
same; but the power would be diminished by nearly !-3d 
of that with 6' sails; because the greatness of the sectors 
would much shorten the lever on which the w ind acts. 

Mr. Parent has also considered which form, among the 
rectangular sails, will be most advantageous; i. e. that 
which shall have the product of the surface by the lever 
of the wind, the greatest. The result of this inquiry is, 
that the width of the rectangular sail should be nearly 
double its length ; whereas usually the length is made 
almost 5 times the width. 

The power of the mill, with four of these new rectan¬ 
gular sails, the same author shows, will be to the power 
of four elliptic sails, nearly as 13 to 23: which leaves a 
considerable advantage on the side of the elliptic ones; 
and yet the force of the new rectangular sails will still he 
considerably greater than that of the common ones. 

M. Parent also considers what number of the new sails 
will be most advantageous; ami finds that the fewer the 
sails, the more surface there will be, but the power the 
less. Farther, the power of a windmill with 0 sails is 
denoted by 14, that of another with 4 will be as 13, and 
another with 2 sails will be denoted by 9- '1 hat as to 

the common windmill, its power still diminishes as the 
breadth of the sails is smaller, in proportion to the length : 
ami therefore the usual proportion of 5 to 1 is exceed¬ 
ingly disadvantageous. 

WINDOW, q. d. wind-door , an aperture or opening in 
the wall of a house, to admit the air and light. 

Before the use of glass became general, which was 
not till towards the end of the 12th century, the windows 
. in England 6ccm generally to have been composed of 
paper,°oilcd, both to defend it against the weather, and 
to make it more transparent; as now is sometimes used 
in workshops and unfinished buildings. Some of the bet¬ 
ter sort were furnished with lattices of wood or sheets of 
linen. These \l scents were fixed in frames, called enp- 
snmentn, and hence our casements still so common in 
some of the counties. 

The chief rules with regard to windows are, 1. Iliat- 
they be as few in number, and as moderate in dimensions, 
as may be consistent with other respects ; inasmuch as all 
openings are weakenings of the structure. 

2. That they be placed at a convenient distance from 
the angles or corners of the buildings : both for strength 
and beauty. 

3. That they be made all oqual one with another, in 
their rank and order; so that those on the right hand 
muy answer to those on the left} and those above be 
right over those below, both on account of strength and 

beauty. . . . , „ 

As to their dimensions, care is to be taken, to give 

them neither more nor less than is needful; regard be¬ 


ing had to the size of the rooms, and of the building. 
The apertures of windows in middle-sized houses, may 
be from 4 to 5 feet; in the smaller ones less ; and in large- 
buildings more. And the height may be double their 
width at the least : but in lofty rooms, or large buildings, 
the height may be a 4tb, or 3d, or half their breadth 
more than the double. 

Such arc the proportions for windows of the first story; 
and the breadth must be the same in the upper stories; 
but as to the height, the second story may be a 3d part 
lower than the first, and the third story a 4tb pail lower 
than the second. 

WINDWARD, in Sea Language, denotes anything 
towards that point whence the wind blows, in respect 
of a ship. 

Sailing to Windward. See Sai t.ing. 

Windward Tide, a tide that runs against the wind. 

WING (Vincent), a considerable mathematician and 
astrologer of the 17th century, who died about lb'68. 
Me was author of several popular astronomical and other 
works: as, I. Astronomia Instaurata, fol. 1656.— 2. Ce¬ 
lestial Harmony of the Visible World, fol. 1057.— 

3. Astronomia Britannica, fol. 166<), a work of merit.— 

4. Ephemcridcs for 13 years, from 1659 to 1071.— 

5. ComputatioCatbolica, &c. Mr. Wing was much con¬ 
nected with the Stationers' Company, in the publication 
of their almanacs, one of which, in a broad sheet, is 
still continued in his name ; and another, a book almanac, 
was only discontinued a very few years ago. 

WINGATE (Edmund), one ol the clearest writers on 
arithmetic &c in the English language, was the son of 
Roger Wingate, esq. of Bornend and Sharpenkoc, in Bed¬ 
fordshire, but was born in Yorkshire in 1593. In 1610 
he became a commoner of Queen's college, Oxford ; but 
after taking a degree in aits, lie removed to Gray s Inn, 
London, where lie studied the law. But his chief inclina¬ 
tion was to the mathematics, which he had studied with 
much success at college. In 1624 he was in France, 
where lie published the Scale or Rule of Proportion, 
which had been invented by Edmund Gunter, of Gresham 
college. While in that country, he gave instructions in the 
English language to the princess Henrietta Maria, after¬ 
wards wife of Charles the first, and to her ladies. After 
his return to England, he became a bencher of Gray’s 
Inn; and on the breaking out of the great rebellion, he 
joined the popular party, took the covenant, was made 
justice of the peace for the county of Bedford, where he 
resided at Woodcnd, in the parish of Harlington, and his 
name occurs in the register of Ampthill church, as a 
justice, in 1654, when, according to the republican cus¬ 
tom of that period, marriages were celebrated by the 
civil magistrates. In 1650 lie took the oath, commonly 
called the Engagement, became intimate with Cromwell, 
and was chosen into his parliament lor Bedford, lie was 
also appointed one of the commissioners, for that county, 
to eject from their situations, those loyal clergymen and 
schoolmasters who were accused as being scandalous and 
ignorant. He died in Gray’s Inn, in 1656, and was buried 
in the parish church of St. Andrew, Ilolburn. 

The works of Mr. Wingate, ure, 

1. The Use of the Proportional Rules in Arithmetic 
and Geometry. Also the Use of the Logarithms of Num¬ 
bers, with those of Sines and Tangents. Printed in French, 
at Paris, in 16'24, 8vo, and at London, in English, in 1626, 
1645, and 1658.—In this book, Mr. W. speaks of having 
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been the first who carried the Logarithms to France; but 
an edition of Napier s Description and Construction of 
Logarithms was printed at Lyons in the year ]6>0, bcin* 
4- years earlier than Wingate's publication. 

2- Of Natural .and Artificial Arithmetic, or Arithmetic 
made easy; London, 1630, 8vo. It has also gone through 
numerous other editions, the best of which is that by I\fr. 
Dodson. 

3. i allies of Logarithms of the Sines and Tangents of 
nil the Degrees and Minutes of the Quadrant. 3 With 
the use and application of the same. London, 1633, Svo. 

4. I lie Construction and Use of Logarithms, with the 
Resolution of Triangles, &c. 

5. Lucius Mathcmaticus; or an Explanation of the 
Description, Construction, and Use of the Numerical Ta¬ 
ble of Proportion. London, 1654, Svo. 

(i. 1 actoinetria, scu 'I etagne-nomclria, or the Geome¬ 
try of Regulars, &c. Svo. 

7 . The Exact Surveyor of Land, Sec, Svo. 

8 . An exact Abridgement of all Statutes in force and 
use from the Magna Charta, to l6ll, Svo. 

I he Body of the Common Law of England, &c; Svo, 
1655, Sec. b..» 

10 . Maxims of Reason, or the Reason of the Common 
Law of England ; 1658, folio. 

11. Statuta Pacis; or, the Table of all the Statutes 
which any way concern the oflico of a Justice of Kuce, 
Sec. 12ino. 

12. An edition of Britton, a lawyer who wrote in the 
reign of Edward the 1st; a very useful law book, 1640, 
12 mo. 


Mr. W. it is supposed, was also the editor of some 
other law books, which show equal judgment and indus¬ 
try; but lie is now to be remembered only as a mathe¬ 
matician. 

WINTER, one of the four seasons or quarters of the 
year.—Winter properly commences on the day when the 
suns distance from the zenith of the place is the greatest, 
or when his declination is the greatest on the contrary 
side of the equator; and it ends on the day when that 
distance is a mean between the greatest and least, or when 
he next crosses the equinoctial. 

At and near the equator, tliiy. winter, as well as the 
othcrscasons, return twice every year; but all other places 
have only one winter in the year; which in the northern 
hemisphere begins when the sun is in the tropic of Ca¬ 
pricorn, and in the southern hemisphere when he is in 
the tropic of Cancer: so that all places in the same hemi¬ 
sphere have their winter at the same time. 

Notwithstanding the coldness of this season, it is proved 
in astronomy, that the sun is really nearer to the earth 
in our winter than in summer: the reason of the defect 

of heat being owing to the lowness of the sun ; or to the 
obliquity of his rays. 

WIICIIELL (Georoe), f. n.s. a good astronomer 
and mathematician, was born in 1728. Me was mater¬ 
nally descended from the celebrated clock and watch 
maker Daniel Quarc, in which business ho was himself 
brought up, and was educated in the principles of the 
Quakers, all his progenitors for many generations having 
been of that community, and whose simplicity of man¬ 
ners and integrity of character he practised through life. 
It appears that Mr. \V. cultivated the study of astronomy 
at a very early age indeed,as he had a.communication on 
that subject published tn the Gentleman’s Diary for 1741, 


which must have been written before he was 1.3 years of 
age. Soon after this he became a pretty constant writer 
in both the Diaries and thcGentlcman’s Magazine.a practice 
which he continued a long time, sometimes under his own 
name, but more frequently with the initials G. W. only. 
In 1764 Mr. W. published a map* exhibiting the passage 
of the moon’s shadow over England in the great solar 
eclipse of April 1 that year; the exact correspondence of 
which to the observations gained him great reputation. 
In the following year he presented to the commissioners 
of longitude a plan for calculating the effects of refraction 
and parallax, on the moon’s distance from the sun or a 
star, to facilitate the discovery of the longitude at sea. 
Having been elected F. n. s. and taught mathematics in 
London lor many years with much reputation, lie was, 
in 1767, appointed head master of the Royal Naval Aca¬ 
demy at Portsmouth, on the recession of Mr. Robertson ; 
where he died by a paralytic stroke in 1785, at 57 years 
of age, and was succeeded in that office by Mr. Bailey. 

WOLFF, Wolfius, (Christian,) baron of the Ro¬ 
man empire, privy counsellor to the king of Prussia, and 
chancellor to the university of Halle in Saxony, as well as 
member of many of the literary academics in Europe, was 
born at Breslau in 1679- After studying philosophy and 
mathematics at Breslau and Jena, lie obtained permission 
to give lectures at Leipsic ; which, in 1703, he opeited 
with a dissertation, Philosophia Practice Universalis, Mi- 
thodo Malhcinaticu conscripta, which served greatly to 
enhance the reputation of his talents. He published two 
other dissertations the same year; the first Dc llotis Dcn- 
tatis, the other De Algorithino Infiuitcsimali Differential; 
which obtained him the honourable appellation of Assist¬ 
ant to the Faculty of Philosophy at Leipsic. 

lie now acceptc.d the professorship of mathematics at 
llallc, and was elected iuto the society at Leipsic, at that 
time engaged in publishing the Acta Eruditorum. After 
having inserted in this work many important pieces re¬ 
lating to mathematics and physics, lie undertook, in 1709, 
to tench all the various branches of philosophy, beginning 
with a small logical treatise in Latin, being Thoughts on 
the Powers of the Human Understanding. He carried 
himself through these great pursuits with amazing assiduity 
and ardour: the king of Prussia rewarded him with the 
ollicc of counsellor to the court in 1721, and augmented 
the profits of that post by very considerable appointments: 
he was also chosen a member of the Royal Society of 
London nnd of Prussia. 

In the midst of all this prosperity however, Wolff raised 
nn ecclesiastical storm against himself, by a Latin oration 
be delivered in praise of the Chinese philosophy: every 
pulpit immediately resounded against his tenets ; and the 
faculty of theology, who entered into a strict examination 
of his productions, resolving that the doctrine he taught 
was dangerous to the last degree, an order was obtained 
in 1723 for displacing him, and commanding him to leave 
Halle in 24 hours. 

Wolff now retired to Casscl, where he obtained the pro¬ 
fessorship of mathematics and philosophy in the university 
of Marbourg, with the title of Counsellor to the Land¬ 
grave of Hesse; to which 11 profitable pension was an¬ 
nexed. Here he renewed his labours with redoubled 
ardour; nnd it was in this retreat that he published the 
greatest part of his numerous works. 

In 1725, he was declared nn honorary professor of the 
academy of sciences at Petersburg, and in 1730 was ad- 
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uiitteil into that of Paris. The king of Sweden also de¬ 
clared him one of the council of regency ; but the pleasing 
situation of his new abode, and the multitude of honours 
which he had received, were too alluring to permit him to 
accept of many advantageous offers; among which it has 
been said, was the office of president of the academy at 
Pctcrsbu rg. 

The king of Prussia too, who was now recovered from 
the prejudices he had been made to conceive against 
Wolff, wanted to re-establish him in the university of Halle 
in 1733, ami made another attempt to effect it in 1739; 
which Wolff for a time thought proper to decline, but at 
last submitted : he returned therefore in 17+1, invested 
with the characters of privy counsellor, vice-chancellor, 
and professor of the law of nature and of nations. The 
king afterwards, on a vacancy, raised him to the dignity 
of chancellor of the university ; and the elector of Bavaria 
created hiiu also a baron of the empire. He died at Halle 
in Saxony, of the gout in his stomach, in 1754, in the 
76'lh year of his age, after a life filled up with a train of 
actions as wise and systematical as his writings, of which 
he composed in Latin and German more than 00 distinct 
pieces. The chief of his mathematical compositions, is 
his Eleinenta lWathescos Universse, the best edition ot 
which is that of 1732 at Geneva, in 5 vols4to; which 
does not however comprise his Mathematical Dictionary 
in the German language, in 1 vol. 8vo, nor many other 
distinct works on different branches of the mathematics, 
nor his System of Philosophy, in 23 vols. in 4to. 

WORKING to Windward, in Sea Language, is the 
operation by which u ship endeavours to make progress 
against the wind. 

WREN (Sir CituisToriiEit), a great philosopher and 
mathematician, and one of the most learned and eminent 
architects of his age, was the son of the Rev. Christopher 
Wren, dean of Windsor, and was born at Knoyle in Wilt¬ 
shire in 1632. He studied at Wadliam college, Oxford ; 
where he took the degree of master of arts in 16'53, and 
was chosen fellow of Allsouls college there. Soon after, 
he became one of that ingenious and learned society, who 
then met at Oxford for the improvement of nuturul and 
experimental philosophy, and which at length produced 
the Royal Society. 

When very young, he discovered a surprising genius for 
the mathematics, in which science lie made great advances 
before he was l6 years of age.—Li 1657 he was made pro¬ 
fessor of astronomy in Gresham college, London; and his 
lectures, which were much frequented, tended greatly to 
the promotion of real knowledge: in his inaugural oration, 
among other things, he proposed several methods by which 
to account for the shadows returning backwurd 10 degrees 
on the dial of king Ahaz, by the laws of nature. One 
subject of his lectures was upon telescopes, to the im¬ 
provement of which he had greatly coutributed ; another 
was on certain properties of the air, and the barometer. 
In the year 1658 he read a description of the body and 
different phases of the planet Saturn ; which subject lie 
proposed to investigate while liis colleague, Mr. Ilookc, 
then professor of geometry, was prosecuting his observa¬ 
tions on the satellites of Jupiter. The same year he com¬ 
municated some demonstrations concerning cycloids to 
Dr. Wallis, which were afterwards published by the doctor 
at the end of bis treatise on that subject. About that time 
also, he resolved the problem proposed by Pascal, under 
the feigned name of John dc Montford, to all the English 
Vol. II. 


mathematicians; and returned another to the mathema¬ 
ticians in France, formerly proposed by Kepler, and then 
resolved likewise by himself, to which the\ never gave any 
solution.— In l66'(), he invented a method for the con¬ 
struction of solar eclipses; and in the latter part of the 
same vear, he with ten other gentlemen formed themselves 
into a society, to meet weekly, lor the improvement ol 
natural and experimental philosophy ; being the founda¬ 
tion ol lhc Royal Society.—In the beginning oi 1001, he 
was chosen Savilian professor of astronomy at Oxford, in 
the room of Dr. Seth Ward ; and where he was the same 
year created Doctor of Laws. 

Among his other accomplishments, Dr. Wren had gain¬ 
ed so considerable a skill in architecture, that he was sent 
for the same year, from Oxford, by order of king Charles 
the 2d, to assist sir John, Denham, surveyor general ol 
the works.—In l6(>.), he wits chosen fellow of the Royal 
Society ; being one of those who were first appointed by 
the Council after the grant of their charter. Not long 
after, it being expected that the king would make the so¬ 
ciety a visit, the lord Rrounkcr, then president, by a 
letter requested the advice of Dr. Wren, concerning the 
experiments which might he most proper on that occasion ; 
to whom the doctor recommended principally the Torri¬ 
cellian experiment, and the weather needle, as being not 
mere amusements, but useful, and also neat in their opera¬ 
tion. Indeed on many occasions Dr. Wren did great ho¬ 
nour to that illustrious body, by many curious and use¬ 
ful discoveries, in astronomy, naturuf philosophy, and 
other sciences, related in the History ol the Royal Society, 
where Dr. Sprat has inserted them from the registers and 
other books of the society to 1605, also in Birch s history. 
Among others of his productions there enumerated, is a 
lunar globe; representing the spots and various degrees 
of whiteness on the moon’s surface, with the hills, emi¬ 
nences and cavities: the whole contrived so, that by turn¬ 
ing it round to the light, it shows all the lunar phases, 
with the various appearances that happen from the sha¬ 
dows of the mountains and valleys, &c: this lunar model 
wa> placed in the king's cabinet. Another of these pro¬ 
ductions, is a tract on the Doctrine of Motion that arises 
from the impact between two bodies, illustrated by expe¬ 
riments: also in the Philos. Trans, vol. 2, pa. 867 . And 
a third is, The History of the Seasons, as to the tempera¬ 
ture, wealher, productions, diseases, &c, &c. For which 
purpose he devised also many curious muchincs, several 
of which kept their own registers, tracing out the lines of 
variations, so that a person might know what changes the 
weather had undergone in his absence: us windguges, ther¬ 
mometers, barometers, hygrometers, raingages, &c.— He 
made also great additions to the new discoveries on pen¬ 
dulums; and among other things showed, that there may 
be produced a natural standard for measure from the pen¬ 
dulum for common use.—lie invented many ways to make 
ustronomicul observations more cusy und accurate: he 
fitted and hung quadrunls, sextants, and radii more com- 
modiously than formerly ; and also constructed two tele¬ 
scopes to open with a joint like a sector, by which ob¬ 
servers may infallibly take a distance to hall minutes,&c. 
lie also made various kinds of retes, screws, and other 
devices, for improving telescopes to take small distances, 
and apparent diameters, to seconds : he made apertures 
to admit more or less light, as the observer pleases, by 
opening and shutting, the better to fit glasses lor crcpus- 
culine observations.—He added much to the theory of 
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dioptrics; arul much also to the manufacture of grinding 
good glasses : he attempted, and not without success, the 
making of glasses of other forms than spherical. He ex¬ 
actly measured and delineated the spheres of the humours 
of the eye, the proportions of which to one another were 
only guessed at before : a discussion showing the reasons 
why we see objects erect, and that reflection conduces as 
much to vision as refraction, lie displayed a natural and 
easy theory of refractions, which exactly answered every 
experiment. He fully demonstrated the whole doctrine 
of dioptrics in a few propositions, showing not only, as 
in Kepler's Dioptrics, the common properties of glasses, 
but the proportions by which the individual rays cut the 
axis, and each other, on which the charges of the tele¬ 
scopes, or the proportion of the eye-glasses and apertures, 
are clearly discovered.— lie made constant observation* 
on Saturn, and a true theory of that planet, before the 
printed discourse by Huygens on that subject appeared. 
— He also made maps of the Pleiades and other telescopic 
stars: and proposed methods to determine the great ques- 
tion as to the earth's motion or rest, by the small stars 
about the pole to be seen in large telescopes.—In naviga¬ 
tion also our author made many improvements. He 
framed a magnctical terella, which he placed in the midst 
of a plane board with a hole, into which the terella is half 
immersed, till it be like a globe with the poles in the hori¬ 
zon : the plane is then dusted over with steel filings from 
a sieve: the dust, by the magnctical virtue, becomes im¬ 
mediately figured into furrows that bend like a sort of 
helix, proceeding as it were out at one pole, and return- 
ing in by the other ; the whole plane becoming figured 
like the circles of a planisphere.—It being a question in 
his time among the problems of navigation, to what me¬ 
chanical powers sailing against the wind was reducible ; 
he showed it to he a wedge: he also demonstrated, how 
a transient force on an oblique plane would cause the mo¬ 
tion of the plane against the first mover: and he made an 
instrument mechanically producing the same effect, and 
showed the reason of sailing on all winds. The geome¬ 
trical mechanism of rowing, he showed to be a lever on 
a moving or cedent fulcrum : for this end, he made in¬ 
still mi nts and experiments, to find the resistance to mo¬ 
tion in a liquid medium ; with other circumstances that 
are the necessary elements for laying down the geometry 
of sailing, swimming, rowing, flying, and constructing of 
ships. He invented a very speedy and curious way of 
etching. Hr started many things ttfwards the emendation 
of water-works. He likewise made some instruments for 
respiration, and lor straining the breath from fuliginous 
vapours, to try whether the same breath, so purified, will 
serve again.— He was the first inventor of drawing pictures 
by microscopical glasses. He invented perpetual, or at 
least long-lived lamps, for keeping n perpetual regular heat, 
in order, to various uses, as hatching of eggs and insects, 
production of plants, chemical preparations imitating na- 
turc in producing fossils and minerals; keeping the motion 
of watches equal, for the longitude and astronomical uses. 
«e was also the first author of the anatomical experiment 
or injecting liquor into the veins of animals. By this ope¬ 
ration, divers creatures were immediately purged, vomited 

intoxicated’ killed or revived, accordi^ ,? the quality 
of the fluid injected. Hence arose many other new ex¬ 
periments, particularly that of transfusing blood, which 
has been prosecuted ,n many curious instances. This i. 
a short account of the principal discoveries which Dr! 


Wren presented, or suggested, to the Royal Society, or 
were improved by him. 

With respect to his architectural works: it has b. fore 
been observed that he had been sent for to assist sir John 
Denham. In 1665 he travelled into Trance, to examine 
the most beautiful edifices and curious mechanical works 
there, when he made many useful observations. On bis 
return home, he was appointed architect, and one of the 
commissioners for repairing St. Paul’s cathedral. Within 
a few days after the fire of London, 1666, he drew a noble 
plan for a new city, and presented it to the king; but it 
was not approved of by the parliament. In this model, 
the chief streets were to cross each other at right angles, 
with lesser streets between them ; the churches, public 
buildings, &c, so disposed ns not to interfere with the 
streets, and four pinzzus placed at proper distances.—On 
the death of sir John Denham in 1668, our author suc¬ 
ceeded him in the office of surveyor-general of the king’s 
works ; and from this time he bad the direction of a great 
many public edifices, by which he acquired the most dis¬ 
tinguished reputation, lie built the magnificent theatre 
at Oxford, St. Paul’s cathedral, the Monument, the mo¬ 
dern part of Hampton Court, Chelsea-college, one of the 
wings of Greenwich hospital, the churches of St.Stephen 
Walbrook, and Sr. .Mary-le-bow, with upwards of 60 other 
churches and public works, which that dreadful fire ren¬ 
dered'necessary. In the management of which business, 
he was assisted in the measurements, and laying out of 
private property, by the ingenious Dr. Robert Hooke. The 
variety of business in which he was by this means engaged, 
requiring his constant attendance and concern, lie resigned 
his Savilian professorship at Oxford in 1673; and the year 
Following he received from the king the honour of knight¬ 
hood.—He was one of the commissioners who, on the mo¬ 
tion of sir Jonas Moore, surveyor-general of the ordnance, 
had been appointed to select a proper place for erecting 
an observatory ; and he proposed Greenwich, which was 
accordingly approved of; the foundation stone of which 
was laid the 10th of August 1675, and the building wus 
presently finished under the direction of sir Jonas, with 
the advice und assistance of sir Christopher. 

In 1680 our author was chosen president of the Royal 
Society ; afterwards appointed architect and commissioner 
of Chelsca-collegc; and in 1684, principal officer or 
comptroller of the works in Windsor-castle. Sir Christo¬ 
pher sat twice in Parliament, as a representative for two 
different boroughs. While fie continued surveyor-general, 
his residence was in Scotland-yard ; but after his removal 
from that office, in 1718, he lived in St. James’s-slrect,. 
Westminster. He died the 25th of February 1723, at £1 
years of age; and was interred with great solemnity in 
St. Paul’s cathedral, in the vault under the south wing 
of the choir, near the east end. 

The person of Sir Christopher Wren was of a low 
stature, and thin frame of body; but by temperance 
and skilful management he enjoyed a good stale of 
health, to a very unusual length of life. He was mo¬ 
dest, devout, strictly virtuous, and very communicative 
of his knowledge. Besides his peculiar eminence as an 
architect, his learning and knowledge were very extensive 
in all the arts and sciences, and especially in the ma¬ 
thematics. 

Sir Christopher never printed any thing himself, but 
several of his works have been published by others ; some 
in the Philosophical Transactions, and some by Dr. Wallis 
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and other friends.—His posthumous works and draughts 
were published by Itis son. 

WHIG 111' (Ldward), a cli$tingui*he<l English mathc- 
mallei.to, who flourished in the latter purl of the loth 
cenlurv, mid beginning of the 17 «l»; dying in the year 
1015. ' He was contemporary with Mr. Briggs, and much 
concerned with him in the business ot the logarithms, the 
short time they were published before his death, lie also 
contributed greatly to the improvement of navigation and 
astronomy. The following memoirs of him are translated 
from a Latin paper in the annals of Gonvillc and Cat us- 
college in Cambridge, viz, “ This year (1015) died at 
London, Edward Wright of Garvestun in Norfolk, lor- 
merly a fellow of this college; a man respected by all tor 
the integrity aid simplicity of bis manners, and also la- 
mous for his skill in the mathematical sciences: so that 
he was not undeservedly styled a most excellent mathe¬ 
matician by Richard Hackluyt, the author o^an original 
treatise of our English navigations. What knowledge he 
had acquired in the science of mechanics, and how use¬ 
fully he employed that knowledge to the public as well 
as private advantage, abundantly appear both from the 
writings he published, and from the many mechanical 
operations still extant, which are standing monuments of 
his great industry and ingenuity. He was the first un¬ 
dertaker of that difficult but useful work, by which a 
little river is brought from the town of Wure in a new 
canal, to supply the city of London with water; but by 
the tricks of others he was hindered from completing the 
work he had begun. He was excellent both in contriv¬ 
ance and execution, nor was he inferior to the most in¬ 
genious mechanic in the making of instruments, either of 
brass or any other mutter. To his invention is owing 
whatever advantage Hondius’s geographical charts have 
above others; for it was Wright who taught Jodocus 
Hondius the method of constructing them, which was till 
then unknown: but the ungrateful Hondius concealed 
the name of the true author, and arrogated the glory of 
the invention to himself. Of this fraudulent practice the 
good man could not help complaining, and justly enough, 
in the preface to his treatise of the Correction of Errors 
in the. Art of Navigation; which he composed with ex¬ 
cellent judgment, and after long experience, to the great 

J ° /• 1 t _ »r..:io imnrm'nmnnf ni 


of logarithms, then lately discovered by lord Napier, a 
Scotchman, who had a great affection for him. ibis 
posthumous work of his was published soon after, by his 
only sou Samuel \Y'right, who was also a scholar of this 
college. He had formed man) other useful designs, but 
was hindered by death from bringing them to perfection. 
Of him it may truly be said, that lie studied more to sen e 
the public than himself; and though he was rich in fame, 
and in the promises of the great, yet be died poor, to the 
scandal of an ungrateful age." So far the memoir ; other 
particulars concerning him, are as follow. 

Mr. Wright first discovered the true method of dividing 
the meridian line, according to which the Mercator’s 
charts are constructed, and upon which Mercator’s 
sailing is founded. An account of this he sent from 
Caius-college, Cambridge, where be was then a fellow, to 
his friend Mr. Blondeville, containing a short table lor 
that purpose, with a specimen of a chart so divided, to¬ 
gether w ith the manner of dividing it. All which Blonde¬ 
ville published, in 1594, among his Exercises. And, in 
1597, the reverend Mr. William Barlowc, in his Naviga¬ 
tor’s Supply, gave a demonstration of this division as 
communicated by a friend. 

At length, in 1599, our author himself printed his cele¬ 
brated treatise, entitled, The Correction ot certain Errors 
in Navigation,which had been written many years before; 
where lie shows the reason ol this division of the meridian, 
the manner of constructing his table, and its uses in na¬ 
vigation', with other improvements. In I 6 l 0 a second 
edition of Mr. Wright’s book was published, and dedi¬ 
cated to his royal pupil, prince Henry; in which the au¬ 
thor inserted further improvements; particularly, be pro¬ 
posed an excellent way of determining the magnitude of 
the earth ; at the same time, recommending very judi¬ 
ciously, the making our common measures in sonic cer¬ 
tain proportion to that of a degree on its surlace, that 
they might not depend on the uncertain length of a barley¬ 
corn. Some of his other improvements w ere ; The ’I able 
of Latitudes for dividing the meridian, computed as far us 
to minutes: An instrument, he calls the Sea-rings by 
which the variation of the compass, the altitude of the 
sun,and the time of the day, may be readily determined at 
once in any place, provided the latitude be known: The 
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this art he was appointed mathematical lecturer by the 

East-1 ndia Company, and read lectures in the house of 
that worthy knight sir Thomas Smith, for which he had a 
yearly salary of 50 pounds. This office he discharged 
with great reputation, and much to the satisfaction of his 
hearers. He published in English a book on the doctrine 
of the sphere, and another concerning the construction of 
sun dials. He also prefixed an ingenious preface to the 
learned Gilbert's book on the loadstone. By these and 
other his writings, he has transmitted bis fame to latest 
posterity. While he was yet a fellow of this college, he 
could not be concealed in his private study, but was 
called forth to the public business of the nation, by the 
queen, about the year 1593. [Other accounts say 1589-] 
l ie was ordered to attend the carl ol Cumberland in some 
maritime expeditions. One of these he has given a faith¬ 
ful account of, in the manner of a journal or cphcmeris, 
to which he has prefixed an elegant hydrographical chart 
of his own contrivance. A little before his death he em¬ 
ployed himself about an English translation of the book 
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eye in observing by the cross-staff: A total amendment in 
the tables of the declinations and places of the sun and 
stars, from his own observations, made with a six-foot 
quadrant, in the years 1594, 95, }) 6 , 97 : A sea quadrant, 
to take altitudes by a forward or backward observation ; 
having nlso a contrivance for the ready finding the lati¬ 
tude by the height of the pole-star, when it is not on the 
meridian. And that this book might be the better under¬ 
stood by beginners, to this edition is subjoined a transla¬ 
tion of Zamorano’s Compendium ; and he added a large 
table of the variation of the compass as observed in very 
different parts of the world, to show that it is not occa¬ 
sioned by any^ raagnelical pole. The work bus gone 
through several other editions since. Description and 
Use of the Sphere, in 1618 . And, besides the books above 
mentioned, he published another on navigation, entitled* 
The Haven-finding Art, translated from the Dutch. Other 
accounts of our author state also, that it was in the year 
1589 that he first began to attend the earl of Cumberland 
in his voyages. It is also said that be made, for his pupil, 
• 4- K 2 
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prince Henry, a large sphere with curious movements, 
which, by the help of spring-work, not only represented 
the motions of the whole celestial sphere, but showed also 
the particular systems ol the sun and moon, and their cir¬ 
cular motions, together with their places and possibilities 
of eclipsing each other: there are in this machine works 
for a motion of 17 100 years, if it should not be stopt, or 
the materials tail. This sphere, though thus made at a 
great expense of money and ingenious industry, was after¬ 


wards in the time of the civil wars thrown aside, among 
dust and rubbish, where it was found, in the year 1646, 
by sir Jonas Moore, who at his own.expense restored it to 
its first state of perfection, and deposited it at his own 
house in the Tower, among his other mathematical instru¬ 
ments and curiosities. 

See Robertson's Navigation, Introd. pa. 12. Also the 
Philos. Magazine, vol. 21, pa. 164. 


_ i 

X. 


X E N 

ENOCRATES, nn eminent philosopher among the 
ancient Greeks, was born at Chalcedon, and died 
314 years before Christ, at about .90 years of age. He 
became early a disciple of Plato, studying under this 
great master at the same time with Aristotle, though he 
was not possessed ot equal talents; the former wanting a 
spur, and the latter a bridle, lie was fond of the mathe¬ 
matics; and permitted none of his scholars to be ignorant 
of them. There was something slovenly in the behaviour 
of Xenocrates; for which reason Plato frequently exhorted 
him to v tc r>lice to the graces. Seriousness and severity 
were always seen in his deportment: yet notwithstanding 
this severe cast ol mind, he was very compassionate. 
There was also something very extraordinary in the recti¬ 
tude of his morals: he was absolute master of his pas¬ 
sions; and was not fond of pleasure, riches, or applause. 
Indeed, so great was his reputution for sincerity and pro¬ 
bity, that he was the only person whom the magistrates of 
Athens dispensed from confirming his testimony with an 
oath : and yet lie was so ill treated by them, as to be 
sold because he could not pay the poH-tax laid upon fo¬ 
reigners. Demetrius Phalereus bought Xenocrates, paid 
the debt to the Athenians, and immediately gave him his 
liberty. At Alexander’s request, he composed a treatise 
on the Art of Reigning ; 6 bonks on Nature; 6 books on 
Philosophy ; one on Riches, &c; but none of them have 
desceiyled to the present times.—Mis theology it seems 
was but poor stuff: Cicero refutes him in the first book of 
the Nature of the Gods. 

XENOPHANES, a Greek philosopher, born in Colo¬ 
phon, was, according to some authors, the disciple of 
Archelaus; in which case he must have been contempo¬ 
rary with Socrates. Others relate that he was quite an 

autodidact, being entirely self-taught, and that he lived 
at the same time with Anaximander: according to which 
account he must have flourished before Socrates, and 
about the 6’0th Olympiad, as Diogenes Laertius affirms. 
He founded the Elcatic sect; and wrote several poems 
on philosophical subjects; as also a great many on the 
foundation of Colophon, and on that of the colony of 
Llca. He wrote also against Homer and Hesiod. He 
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was banished from his country, withdrew to Sicily, and 
lived in Zar.che and Catana. His opinion with regard to 
the nature of God differs not much from that of Spinoza. 
When he saw the Egyptians pour forth lamentations dur¬ 
ing their festivals, he thus advised them: “ If the objects 
of your worship urc Gods, do not weep: if they are 
men, offer not sacrifices to them." The answer he made 
lo’a man with whom he refused to play at dice, is highly 
worthy of a philosopher : This man calling him a coward, 

“ Yes," replied he, “ 1 am excessively so with regard to 
all shameful actions." 

XENOPHON, a celebrated Greek general, philoso¬ 
pher, and historian, was born at Athens, and became 
early a disciple of Socrates, who, says Strabo, saved his 
life in battle. About the 50th year of his age he engaged 
in the expedition of Cyrus, and accomplished his inimor- 
tul retreat in the space of 15 months. The jealousy of 
the Athenians banished him from bis native city, for en¬ 
gaging in the service of Sparta and Cyrus. On his return 
therefore he retired to Scillus, a town of Elis, where he 
built a temple to Diana, which he mentions in his epis¬ 
tles, and devoted his leisure to philosophy and rural 
sports. But commotions arising in that country, he re¬ 
moved to Corinth, where it seernS he wrote his Grecian 
History, and died at the age of 90 , in the year 3G0 be¬ 
fore Christ. 

By his wife Philcsia he had two sons, Diodorus and 
Gryllus. The latter rendered himself immortal by kill¬ 
ing Epatninondas in the famous battle of Mantineu, but 
perished in that exploit, which his father lived to record. 

The best editions of bis works are those of Franckfort 
in 1674, and of Oxford, in Greek and Latin, in 1703, 

5 vols. 8vo. Separately have been published his Cyro- 
poedia, Oxon. 1727, 4to, and 17*6, 8vo. Cyri Anabasis, 
Oxon. 1735, 4to, and 1747. 8vo. Memorabilia $ocrati>, 
Oxon. 1741, Svo.—His Cyri Anabasis has been admira¬ 
bly translated into English by Spelman. 

XIPHIAS, in Astronomy, is the Dorado or Sword- • 
fish, a constellation of the southern hemisphere; being 
one of the new constellations added by modern astrono¬ 
mers; and consisting of 6 stars only. SeeDo&ADO. 
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Y ARD, a lineal measure, or measure of length, used 
in England and Spain, chiefly to measure cloth, 
stuffs, &c. The yard was settled by llenry the 1st, from 

the length of his own arm. 

The English yard contains 3 feet; and it is equal 
to 4-5ihs of the English ell, 
to 7-9ths of the Paris ell, 
to 4-3ds of the Flemish ell, 
to 56-51sts of the Spanish vara or yard. 

Yard, or Golden Yard, is also a popular name given 
to the 3 stars which compose the belt of Orion. 

YEAR, in the full extent of the word, is a system or 
cycle of several months, usually 12. Others define 
in the general, a period or space of time, measured by 
the revolution of some celestial body in its orbit. Thus, 
the time in which the fixed stars make a revolution, is 
called the great year ; and the times in which Jupiter, 
Saturn, the Sun, Moon. &c, complete their courses, and 
return to the same point of the zodiac, are respective > 
called the years of Jupiter, and Saturn, and the Solar, and 

Lunar years, &c. . . 

As year denoted originally a revolution, and was not 

limited to that of the sun; accordingly we find by the 
oldest accounts, that people have, at different limes, ex¬ 
pressed other revolutions by it, particularly that ol the 
moon; and consequently that the years of some ac¬ 
counts, are to be reckoned only months, and sometimes 
periods of 2, or 3, or 4 months. I his will assist us 
greatly in understanding the accounts that certain nations 
give of their own antiquity, and perhaps also of the age 
of men. We read expressly, in several of the oid Greek 
writers, that the Egyptian year, at one period, was only 
a month ; and we are farther told that at other periods 
it was 3 months, or 4 months : and it is prolable that 
the children of Israel followed the Egyptian account of 
their years. The Egyptians boasted, almost 2000 years 
ago, of having accounts of events 48 thousand years di¬ 
stance. A great deal must be allowed to lullacy, on the 
above account; but besides this, the Egyptians had, in 
the time of the Greeks, the same ambition which the 
Chinese have ul present, and wanted to pass 
on that people, as these do upon us, for the oldest 
bilants of the earth. They had recourse also to the same 
means, and both the present and the early u, ’P ost ° rs 
have pretended to ancient observations of the heave > 
bodies, and recounted eclipses in particular, to vouch 
for the truth of their accounts. Since the time in wlucl 
the solar year, or period of the earth s revolution round 
the sun, has been received, we may account with cer¬ 
tainty; but for those remote ages, in which wc do not 
precisely know what is meant by the term >ear, it is im¬ 
possible to form any satisfactory conjecture of the dura- 
Ln of lime in tl,Account,. The Babylon,an, pro,cm 
to an antiquity of the same romantic kind ; they boast 
of 47 thousand years in which they had kept observa¬ 
tions * but we may judge of these as of the others, and of 
thc observ^on, V ofthe years. The Egyptiansi speak 
of the stars having four times altered their courses in that 
period which they claim for their history, and that the 
sun set twice in the east. They were not such perfect 


astronomers, but, after a round-about voyage, they might 
perhaps mistake the east for the west, when they came in 


again. 


Year, or Solar Year, properly, and by way of 
eminence so called, is the space ol tune in which the sun 
moves through the 12 si_ns of the ecliptic. This, by the 
observations ot the best modern astronomers, contains 
3t»5 days, 5 hours, 4S min. 45$ seconds : the quantity- 
assumed by the authors of the Gregorian calendar is 
305 days, 5 hours, 4‘) min. But in the civil or popular 
account, this \ ear only contains 365 days; except every 
4th year, which contains 360. 

The vicissitude of seasons seem to have given occasion 
to the first institution ol the year. Man, naturally curi¬ 
ous to know the cause of that diversity, soon found it 
was the proximity and distance of the sun ; and therefore 
nave the name year to the space ol time in which that 
luminary performed his whole course, by returning to the 
same point of his orbit. According to the accuracy of 
their observations, the year of some nations was more 
perfect than that of others, but none of them quite exact, 
nor whose parts did not vary with regard to the parts ot 

the sun’s course. . 

Herodotus informs us that it was the Egyptians who 
first formed the year, making it to contain 360 days, 
which they subdivided into 12 months, of $0 days each. 
Mercury Trismegistus added 5 days more to the account. 
And on this footing it is said that Thales instituted the 
year among the Greeks; though that form of the year 
diJ not obtain through all Greece. Also, the Jewish, 
Syrian, Roman, Persian, Ethiopic, Arabic, &c years, 
were all different. Ju fact, considering the imperfect 
slate of astronomy in those ages, it is no wonder that dif¬ 
ferent people should disagree in the calculation of the 
sun’s course. We arc even assured by Diod. Siculus, 
lib. 1. Plutarch, in Numn, and Pliny, lib. 7, cap. 48, 
that the Egyptian year itself was at first very different 

from that now represented. 

The solar year is either astronomical or civil. 

The Astronomical Solar. \ EAR, is that which is deter¬ 
mined precisely by astronomical observations ; and is of 
two kinds, tropical, and sidereal or astral. 

Tropical, or Natural Year, is the time the sun takes 
in passing through the zodiac ; which, as before observed, 
is 36'5d. 5b. 48m. 45$ sec. This is the only proper or 
natural year, because it always keeps the same seasons 

to the same months. . 

Sidereal or Astral Year, is the space of time the sun 
takes in passing from any fixed star, till h.s return to it 
again. This consists of S65d. Ch. 5)m. 17 sec.; being 
20m. 21$ sec. longer than the true solar year. 

Lunar Year, is the space of 12 lunar months. Hence, 
from the two kinds of synodical lunar months, there arise 
two kinds of lunar years ; the one astronomical, the other 

civil. . . . 

Lunar Astronomical Year, 1 consists of 12 lunar syno¬ 
dical months ; and contains 35ld. Sh.' 48m. 3S sec. and 
is* therefore lOd. 21h. Om. 7s. shorter than the solar year. 
A difference which is the foundation of the epact. 

Lunar Civil Year, is cither common or embolismic. 
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TI 10 Common Lunar Year consists of 12 lunar civil 
:iionths ; and therefore contains 354 days. And 

Tiic i'.mbuUsmic or Intercalary Lunar Yeah, consists 
of 15 lunar civil months, and therefore contains 384 
day s. 

Thus far we have considered years and months, with 
regard to astronomical piinciplcs, upon which the division 
is lonmled. By this, the various forms of civil years 
that have formerly obtained, or that do still obtain,* in 
divers nations, arc to Lie examined. 

Civil \ 1 *.ah, is that torm ol year which every nation 
lias contrived or adopted, for computing their time by. 
Or the civil is the tropical year, considered as only con¬ 
sisting of a certain number of whole days: the odd hours 
and minutes being set aside, to render the computation 
of time, in the common occasions of life, more easy. 
As the tropical year is 365d/5h. 49m. or almost 36‘5d. 
(ih. which is 363 days and a quarter; therefore if the 
civil year be made 363 days, every 4th year it must be 
066 days, to keep nearly to the course of the sun. And 
hence the civil year is either common or bissextile. The 
Common Ciiil Year, is that consisting of 365 days; 
having seven months of 31 days each, four of 30 days! 
and one of 28 days; as indicated by the following well 
known memorial verses: 

Thirty days hath September, 

April, June, and November; 

February twenty-eight alone, 

And all the rest have thirty-one. 

Bissextile or Leap \ ear, consists of 366 days; having 
one day extraordinary ; called the intercalary, or bissex¬ 
tile day; and takes place every 4th year. This ad¬ 
ditional day to every 4th year, was first introduced *by 
Julius Cxsur; who, to make the civil years keep pace 
with the tropical ones, contrived that the 6 hours which 
the latter exceeded the former, should make one day In 
4 years, and be added between the 22d and 23d of 
February, which was their 6 th of the calends of March; 
and as they then counted this day twice over, or had bis 
sexto calendas, hence the year itself came to be called 
bis sextus, and bissextile. 

However, among us, the intercalary duy is not intro¬ 
duced by counting the 23d of February twice over, but 
by adding a day at £ie end of that month, which there¬ 
fore in that year contTms 29 days.—A farther reformation 
was mude in this year by Pope Gregory. See G regorian 
Year,Calendar, Bissextile, and Lea v-Ycar. 

lhc civil or legal year, in England, formerly com¬ 
menced on the day of the Annunciation, or 23th of March; 
though the historical year began on the day of the Cir¬ 
cumcision, or 1st of January ; on which day the German 
and Italian year also commences: The part of the year 
between these two terms was usually expressed both ways: 
as I 745 - 6 , or I7 l£. But by the act for altering the stile, 
the civil year now commences with the 1st of January. 

Ancient Homan Year. This was the lunar year, which, 
a* first settled by Romulus, contained only ten months, of 
>mquul numbers of days in the following order: viz, 

Sex'tins^o 5 ^ ,,ril3( ? ; Ma y 3, » June 30; Quintilis 31 ; 
ocxiuis 30 ; September 3° ; October 31 ; November 30; 

trnoVi? >Cr 30 ’ ,' n a ** 30+ ^ays ; w l*' c h Came short of the 
ij n ^ r 50 clays ; and of the solar by 6l days. 

unfivn’l l< * c £ ,nmn 8 °f Komulus's year was vague, and 

which i Wl ^ rp .® ar< * to »ny precise season; to remove 
inconvenience, that piince ordered so many days 


to be added yearly as would make the state of the heavens 
correspond to the first month, without calling them by the 
name of any month. 

Numa Pompilius corrected this irregular constitution 
of the year, composing two new months, January and Fe¬ 
bruary, of the clays that were used to be added to the for¬ 
mer year. Thus Numa’s year consisted of 12 months, of 
different days, as follow ; viz, 

January - 2 . 9 ; February - 28; March- - 31 ; 

April - - 29 ; May - - - - 31 ; June - - - 29; 

Quintilis 31; Sextilis - - - 29 ; September 29 * 

October - 31; November - 29; December 29 ; 

in all ;J55 da_\s; therefore exceeding the quantity of a 
lunar civil year by onq day ; that of a lunar astronomical 
year by 15 h 11 ™ 22 *; but falling short of the common 
solur year by 10 days ; so that its beginning w as still vugue 
and unstable. 

Numa, however, desiring to have it begin at the winter 
solstice, ordered 22 days to be intercalated in Fcbruury 
every 2d year, 23 every 4th, 22 every 6 th, and 23 every 
Sth year. But this rule failing to keep matters even, re¬ 
course was had to a new way of intercalating; and in¬ 
stead of 23 days every 8 th year, only 15 were to be added. 
The care of the whole was committed to the pontifex 
maximus; who however, neglecting the trust, suffered 
things to tun to great confusion. And thus the Roman 
year stood till Julius Caesar reformed it. See Calen¬ 
dar. And for the manner of reckoning the days of the 
Roman months, sec Calends, Nones, und Ides. 

Julian Year. This is in effect a solar year, commonly 
containing 365 days; though every 4th year, called bis¬ 
sextile, it contuins 366. The months of the Julian year, 
with the number of tlieirdays, stood thus : 

January - - 31; February - 28; March - - 31; 

April - - - 30; May - - - 31 ; June - - 30; 

July - ■ - 31 ; August - - 31 ; September 30; 

October -31; November 30 ; December 31 . 

But every bissextile year had a day added in February, 
making it then to contain 29 days. 

The mean quantity therefore of the Julian year is 365 $ 
days, or 36'5 d 6 h ; exceeding the true solar year by some¬ 
what more than 11 minutes; an excess which amounts to 
a whole day in utmost 131 years. Hence the times of tho 
equinoxes go backward, and fall earlier by one day in 
about 130 or 131 years. And thus the Roinun yearstood, 
till it was farther corrected by pope Gregory. 

For settling this year, Julius Csesar brought over from 
Egypt, Sosigenes, n celebrated mathematician; who, to 
supply the defect of 67 days, which had been lost through 
the neglect of the priests, and to bring the beginning of 
the year to the winter solstice, mode one year to consist 
of 15 months, or 445 days; on which account that year 
was used to be called annus confusionis, tho year of con¬ 
fusion. See Julian Calendar. 

Gregorian Year. This is the Julian year corrected by 
this rule, viz, that instead of every secular or 100 th year 
being a bissextile, as it would be in the former mode, in 
the new way three of them are common years, and only 
the 4lh is bissextile. 

The error of II minutes in the Julian year, by conti¬ 
nual repetition, had accumulated to an error of 13 days 
from tho time when CsBsar made his correction ; by which 
means the equinoxes were greatly disturbed. In the year 
1582, the equinoxes were fallen back 10 days, and the full 
moons 4 days, more backward than they were in the time 
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of the Nieonc council, which was in the year 325 ; viz, 
the former from the 20th of March to the lOlli, ami the 
latter from the otli to th. 1st «»l April. T<> renie.ly this 
increasin'; irregularity, pi>pe Gregor\ the 13th, in the year 
1582, culle'l t ‘gelher the chief astronomers of his time, 
and concerted this correction, onniling the 10 days above 
mentioned. He exchanged the lunar cycle lor that ol the 
cpacts, and made the 5th ol October of that year to be 
the 15th ; by that means restoring the vernal equinox to 
the 21st of .March. It was also provided, hy the omis¬ 
sion of 3 intercalary days, in 400 years, to make the civil 
year keep pace nearly with the solar year, lor the lime to 
COI1U-*. See C ALKN DA It. 

In theyear 1700, the error of 10 days was increased to 
11 ; upon which, the proleslant states ol Germany, to 
prevent farther confusion, adopted the Gregorian c.»rn c- 
noii. And the same was accented also in England in the 
year 1752, when 11 days were thrown out after the 2d of 
September that year, by accounting the 3d to be the 14th 
day of the month : calling tins the new style, and the for¬ 
mer the old style. And the Gregorian, or Dew style, is 
now in like manner used in most countries of Europe. 

Yet this last correction is still not quite pcrcct; lor as 
it has been sln.wn that, in 4 centuries, the Julian year 
gains 3 d 2 h 40“ ; and as it is only the 3 da> s tint arc kept 
out in the Gregorian year; there is still an excess of 
2 h 40“ in 4 centuries, which amounts to a wh«le day in 
30 centuries, or in 3000 years. Sec Calendar, i\'cw or 
Grtqoriun Svii.e, &c. 

Egyptian Yea k, called also the year of Nnboiassar, on 
account of the epoch of Nubotiassar, is the sohr year of 
365 days, divided into 12 months, of 30 duys eadi, beside 
5 intercalary days, added at the end. The Oder and 
names of these months are as follow : 

1. Thoth ; 2. Paophi; 3- Athyi; 

4. Chojac ;, 5. Tybi ; 6. Meclwr ; 

7 Phamenoth; .8. Phnrmuthi; 9. 1 achm; 

10. Pautii; 11. Epiplii; 12. Mesor. 

As the Egyptian year, by neglecting the 6 hours, n every 
4 years loses a whole day of the Julian year, its bejinmng 
runs through every part of the Julian year in the mace of 
1460 years; ufter which, lliey meet ngnm; for which 
reason it is called the erratic year. And because Ins re¬ 
turn to the same day of the Julian year, is perforat'd in 
the space of 1460 Julian years, this circle is calld the 

Sothic period. , _ . . • -1 

This year was applied by the Egyptians to civil uses, 

till Anthony and Cleopatra were defeated ; but the mthc- 

maticians and astronomers used it till the time of Bolc- 

my who mude use of it in his Almagest; so tha the 

knowledge of it is of great service in astronomy, for om- 

paring the ancient observations with the modern. 

The ancient Egyptiuns, wc arc informed by IJiodrus 

Siculus, (Plutarch, lib. 1, in the life of Numa ; and Ploy, 

lib. 7 cap. 48) measured their years by the course of he 

moon. At first they were only one month, then 3, ten 

4 like that of the Arcadians ; and then 6, like that of le 

people of Acarnania. Those authors add, that it is n 

this account that they reckon such a vast number of yers 

from the beginning of the world; and that in the h.stoy 

of their kings, wc jnect with some who lived 1000, c 

1200 years. The same thing is maintained by Kirchc. 

Oedi P : Egypt, tom. 2, pa.252. And a late author ol 

serves, thaVVarro has affirmed the same of all nations 

that has been quoted of the Egyptians. By which mean-. 


many account for the great ages of the more ancient pa¬ 
triarchs; expounding the giaoual decrease in their ages, 
hy ihc successive increase of the number of months in 
their years. 

On the Kgyptians being subdued by the Homans, they 
received the Julian year, though with some alteration ; 
lor they still retained their ancient months, with the rive 
additional da\s, and every 4th year they intercalated an¬ 
other day, for the 6 hours, at the end of the year, or be¬ 
tween the 28th and 2.9th of August. Also, the beginning 
of their year, or the first day of the month Thoth, an¬ 
swered to the 2})tli of August of the Julian soar, or to the 
30th if it happened to be leap year. 

The Ancient Greek Year. —This was a lunar year, con¬ 
sisting of 12 months, which at first had each 30 days, 
then alternately 29 and 30 days, computed from .the first 
appearance of the new moon; with the addition of an 
embolismic month of 30 days, every 3d, 5th, 8tb, 11th, 
14th, 16th, and 19th year of a cycle of 19 years ; in order 
to keep the new and full moons to the same terms or sea¬ 
sons of the year. 

TJft'ir year commenced with that new moon which was 
nearest to the summer solstice. And the older ot the 
months, with the number of their days, were as follow: 

1. E'AaTCjftGaiwY, of 29 days; 2. Mr,Txyeir>iurs 30; 3. 

BorjtfOfjLiu;-/ 29; 4. MaiftaxTyficev 30; 5. riva>c\J/ix'v 29; 
O’. li ireiSeuy 30; 7. 29; S. Av^trrr^ixv 30; 

9. 29; lO. Mt'yyyjx’v 30; 1 I. 

2.9 ; 12. 30.—But many ofthc Greek nations 

ha«l other names lor their months) 

Vie Ancient Jewish Year.—T his is a lunar year, usually 
consisting of 11 months, containing alternately 30 and 29 
days. And it was made to agree with the solar year, hy 
adding 11, and sometimes 12 days, at the end ot the year, 
or by an cinbolismic month. The order and quantities 
of the months were as follow: 1. Nisanor Abib 30 days; 

2. Jiar or Zius 29 ; 3. Siban or Siovan 30 ; 4. Thamuz or 
Tamuz 29; 5. Ab 30 ; 6. Elul 29 ; 7- Tifri or Ethanim 
30; 8. Marchesvan or Bui 29; 9. Cislcu 30; 10. Tcbeth 
29; 11. Sabat or Sclicbeth 30; 12. Adar 30 in the cm- 
bolismic* year, but 29 in the common year.— In the de¬ 
fective year, Cislou was only 29 days; and in the re¬ 
dundant year, Marchesvan was 30. 

The Modern Jewish Yeah is likewise lunar, consisting 
of 12 months in common yenrs^ but of 13 in embolismic 
years; which, in a cycle of Ip years, are the 3d, Oth, 
8th, 11th, 14th, 17th, and 19th. Its beginning is fixed to 
the new moon next after the autumnal equinox. 'Ihc 
narac^s and order of the months, with the number of the 
clays, are as follow : 1. Tisri 30 days ; 2. Marchesvan 29 ; 

3. Cislcu 30; 4. Tcbeth 29; 5. Sclicbeth 30; 6. Adar 
29; 7. Veadar, in the embolismic year, SO ; 8. Nisun30; 
9. liar 29 ; 10. Si van 30 ; 11. Thamuz 29; 12. Ab 30 ; 
13. Elul 29. 

The Syrian Year, is a solar one, having its commence¬ 
ment fixed to the beginning of October in the Julian year ; 
from which it only differs in the names of the months, the 
quantities being the same; as follow : 1. Tishrin, answer¬ 
ing to our October, and containing 31 days; 2 Latter 
Tishrin, containing, like November, 30 days; 3. Canun 
31 ; 4. Latter Canun 31 ; 5. Shabat 28, or 29 in a leap- 
year; 6. Adar 31 ; 7. Nisan 30; 8. Aiyar 31 ; 9. Hast- 
ram 30; 10. Thamuz 31 ; 11. Ab 31 ; 12. Liu I 30. 

The Persian Yeah, is ulso a solar one, of 305 days, 
consisting of 12 months of 30 days each, with 5 interca- 
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lary clays added at the end. T he months are as follow : 
1- Asrudia inch ; 2. Ardihascht inch ; 3. Cardi inch; 4. 
lliir nu ll ; 5. Mcrdcd meh ; 6. Schabarir inch ; 7. Me- 
bar meh; 8. A ben mch; J). Adar meh; 10. l)i Mch ; 

I 1. Bchen mch ; 12. Assirer meh. This year is the same 
as the; Egyptian Nabonassarean, and is called the Yezde- 
genlic year, to distinguish it from the fixed solar year, 
railed theGclalcan year, which the Persians began to use 
in the year 1079 , and which was formed by an intercala¬ 
tion, made six or seven times in 4 years, and then once 
every 5th year. 

1 he Arabic^. Mahometan, and Turkish Year, called 
a)>o the year o! the Hegira, is a lunar year, equal to 354 4 
8 h !S m , and consists ot 12 months, containing alternately 
30 and 29 days. '1 hough sometimes it contains 13 months; 
the names Ac being as follow : 1 . Muharram of 30 days ; 
2. Saphar 29; 3. Rabia 30; 4. Latter Kabia 29; 5. 
Jornada 30; 6. Latter Jornada 29 ; 7 . Ilajab 30; 8. 
Shaaban 29; 9- Ramadan 30; 10. Shawal 29; 11. Dul- 
kaadali 30; 12. Dulheggia 29, but in the embolismic 
year 30. An intercalary day is added every 2d, 5th, 7th, 
10th, 13th/ 15th, 18th, 21st, 24th, 26‘tli, 29th, in a cycle 
of 29 years. The months commence with the first ap¬ 
pearance of the new moons after the conjunction. 

Ethiopia Year, is a solar year perfectly agreeing with 
the Actiac, except in the names of the months, which are; 
1. Mascaram; 2. Tykympt; 3. Hydar; 4. Tyshas ; 5. 
'Jyr; Jacatil; 7* Magabit; 8. Mijazia; 9*Ginbat; 10 . 
Sync; 11 . Hamel; 12. Hahasc. Intercalary days 5. 
It commences with the Egyptian year, on the 29 th of 
August of the Julian year. 

The Year of the Native Americans .— In Humboldt's Re¬ 
searches, concerning the institutions and monuments of 
the ancient inhabitants of America, among many other 
things concerning the Mexican nation, Ac, we find several 
particulars relating to their year and computation of 
time. It seems that the Mexican calendar possesses a de¬ 
gree of accuracy and refinement, that rises considerably 
above all the other marks of their civilization. It appears 
that a stone of porphyry, of an enormous bulk, dug up in 
the year I79^t and covered with sculpture, evidently re¬ 
lative to tlie calendar, has thrown considerable light on 
this curious subject. The sculpture is in relievo, and 
well polished; the concentric circles, with their numer¬ 
ous divisions and subdivisions, arc traced with mathe¬ 
matical exactness. In the centre of the stone is sculp¬ 
tured the hieroglyphic of the sun, surrounded by eight 
triangular radii. The god Tonatitih is figured, opening 
his large mouth, armed with teeth, which reminds us of 
a figure of a divinity in Hindustan, the image of Kala, or 
Time. 

It appears that the civil year of the Mexicans, was a 
solar year of 365 days, and divided into 18 months, of 
20 days each, with 5 days added at the end. The begin- 
nmg of the day was reckoned, like that of the Pci*ians and 
Egyptians, from sun-rising. It was divided into 4 inter¬ 
vals, determined by the rising and setting of the sun, and 
its two passages over the meridian circle. The hierogly¬ 
phic of the day was a circle divided into 4 equal parts. 
Each month, of 20 days, was divided into 4 weeks, or pe¬ 
riods of 5 days. The Muescas, a nation south of the 
Isthmus, had weeks of 3 dpys; but it does not appear 
that any nation of the new continent was acquainted with 

Tn of 7 <■">•** »*>•«*>. witl, a few exccp- 
lions, is found all over the old World. 


Thirteen Mexican years formed a cycle, to which they 
gave a particular name ; and 4 of these, constituting a 
period of 52 years, was denoted by another term ; and 
two of these periods of 52 years formed what they called 
an old age. At the end of 52 years, 13 days were added, 
which makes the Mexican year agree with the Julian, 
of 3(>5$ <lays. But Gama, an astronomer very learned 
in the chronology and history of the Mexicans, is of opi¬ 
nion that they intercalated only 25 days in 104 years; and 
this would give the length of the year = 30'5'24 days, 
which is very near the truth; being more accurate than 
that of Hipparchus, and is nearly the same as that which 
was determined by the astronomers of the caliph Al- 
mamoun. 

The Mexicans were in possession of annals which went 
back 8 f centuries before the arrival of Cortes in the 
country of Anahuac. The reckoning of time was accord¬ 
ing to periods of 52 or 104 years; and along with the 
series of years and days, expressed by hieroglyphics, the 
migrations of the nations, the battles and remarkable 
events of each reign, were represented in the paintings of 
which these,'annals were composed. In the reckoning of 
time, howefrer, a particular artifice was employed ; for 
though the Slumbering of the years and months, from a 
given era, ivould have sufficiently ascertained the date of 
any event/ just as with us, this simple method was re¬ 
jected, an| in its stead was.substituted a contrivance, by 
which th el name of the year determined its relative situa¬ 
tion. This device, M. Humboldt thinks, was the work 
of the priests, and was effected by dividing the cycle of 
13 years Into smaller cycles of 4 years each, and distin¬ 
guishing fliesc years by particular names. 

'I he symbolical writing of the Mexican nations exhi¬ 
bited sinlple signs for the number 20 , and for its 2 d and 
3d powers, 400 and 8000. A small standard, or flag, 
represented 20 units; 400, the square of 20, was figured 
by a fcancr, because grains of gold, inclosed in a quill, 
were us/d in some places as money, or a sign for the 
purpose of exchange. The figure of a sack indicated 
8000, Jr the cube of 20 , and had the name that was 
given f> u kind of purse that contained 8000 grains of 
A flag, divided by two cross lines, and half co- 
' denoted 10 ; nnd when three quarters were co- 

! it denoted 15. The Mexican vocabulary afforded 
or numbers as far as 48 millions, and derived, 
ig to the strictest rules of analogy, from the de- 
ode of reckoning. The units, as far as 10, or 20 
cs, were marked by dots or points; thus, 23 was 
(I by a flag followed by 3 dots, &c. 
urn bold t remarks, that several of the names by 
ic Mexicans denoted the 20 days of their month, 
c of the signs of a zodiac, in use from the remotest 
f among the nations of eastern Asia. Me com- 
e names of the Mexican symbols for the days, 
Tartarean, Japanese, and Tibetan names of the 
, and also with the names of the lunar houses of 
Jus. In 8 of the hieroglyphics the analogy is 
king. Thus, Ath, the name of the first day, as 
voter, is indicated by an hieroglyphic, the pa- 
undulating lines of which remind us of the sign 
arius. In the Tibetan zodiac this sign is marked by 
a*»t, which is also used as an emblem of water. The 
is likewise an asterism in the Chinese zodiac. Seven 
er of the names or characters stand related nearly in 
same manner. M. Humboldt also justly considers it 


cocoa, 
loured 
lourc 
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a remarkable circumstance, that the ape is a character 
used in the Mexican calendar, as it is in the I ibetan zo¬ 
diac, and in the lunar houses of the Hindus, though this 
animal does not exist in the high country of the Andes. 

It appears that the Mexicans made astronomical ob¬ 
servations by means of the gnomon; and knew from them, 
that in the first year of the cycle, the equinoxes fell on 
certain days of the 4th and 13th month. I he Peruvians 
and Cousko regulated their intercalation, not by the 
shadow of the gnomons, which they however very assi¬ 
duously measured, but by marks placed in the hoiizon, 
to denote where the sun rose and set on the days of the 
solstices and equinoxes. 

For the Hindu year, sec the Philos. Trans. Abridg. vol. 
l6\ pa. 74*2, &c, and vol. 17, pa. 250, &c; also our 
article Chronology. 

YELLOW, one of the primary or original colours of 
iigh t. 

YESDEGERDIC Year. See Persian i eau. 

YOUNG (Matthew) n. the very learned bishop 
of Clonfert and Kilmacduach, was of a respectable family 
in the county of Roscommon, was born in 1750, and 
died Nov. 28, 1800, at Whitworth in Lancashire, ot a 
lingering and painful malady, a cancer in the tongue. 
He was admitted into the university of Dublin in 1760, 
and elected fellow of the college in 1775. In the prose¬ 
cution of that object, his attention was necessarily di¬ 
rected to the Newtonian philosophy, of which he early 
became an enthusiastic admirer ; and displayed, at the 
examination for his fellowship, an unexampled know¬ 
ledge and comprehension of it. It continued to be his 
favourite 9tudy, but not his only one. His active mind 
embraced in rapid succession the most dissimilar objects; 
and these he pursued with unceasing ardour, amidst his 
various duties as a fellow and tutor, and the freest inter¬ 
course with society, which he was formed at once to de¬ 
light and instruct. I lis love of literary conversation, and 
the advantages he experienced from it in the pursuit of 
science, led him early to engage in forming a soc.ety whose 
chief object was the improvement of its members in theo¬ 
logical learning. It consisted of a small number of his 
most intimate college friends, and continued to exist for a 
series of years, with equal reputation and advantage. Out 
of this association grew another, somewhat more extensive, 
whose labours were directed to philosophical researches, 
and in the formation of which Mr. Young was also ac- 
tivcly engaged: und this itself became the germ of the 
Royal Irish Academy; which owes its existence to the 
real and exertions of the members of that society, among 

whom Mr.toung was particularly distinguished. In the 

intervals of his severer studies, he applied himself to mo¬ 
dern languages; and the result of his labours may be seen 
in the Transactions of the II. I. A„ to which he also 
contributed largely on mathematical and philosophical 

9U Kfe first volume of their Transactions ; A Synthetical 
Demonstration of the Rule for the Quadrature of Simple 


Curves per mquationcs tcrininoruni nuinero infinitas ; On 
the Extraction of Cubic and other Roots; Aihi<*i.i 
Gaelic poems respecting the race of the I lians collet u- I 
in the Highlands. In vol. 2nd ; An Enquiry into the 
different modes of Demonstration by which ihc \ elocity 
of Spouting Fluids has been investigated a priori. In v«d. 
3rd ; The Origin and Theory of the Gothic Arch. In 
vol. 4th; Demonstration of Newton's Theorems for the 
Correction of spherical Errors in the Object-glasses ot 'I te¬ 
lescopes. In the 5th anti 6th volumes, nothing. Besides 
these. Dr. Young published the following learned and 
ingenious works: The Phenomena of Sounds and Mu¬ 
sical Strings, 8vo, 1784: The Force of Testimony, \r, 
4to: The Number of Primitive Colours in Solar Light : 
On the Precession of the Equinoxes: Principles of Na¬ 
tural Philosophy, 8vo, 1800, being his last publication, 
and containing the substance of his lectures in the 
college. 

In 1786, when the professorship of philosophy in Tri¬ 
nity-college became vacant, he had attained so high re¬ 
putation in that branch of science, that he wa$ elected to 
the office without opposition. His Essay on Sounds had 
been published sonic years; and it was known he was en¬ 
gaged in the arduous task of illustrating the Principia of 
Newton. He now devoted himself to the duties of Ins 
professorship ; and the college having been enriched with 
the excellent apparatus of Mr. Atwood, Dr. Y. improved 
the fortunate occasion of carrying his lectures to u degree 
of perfection unknown in the university of Dublin, and 
never perhaps exceeded in any other. He proceeded in 
the mean time in his great work, “ The Method ol Prime 
and Ultimate Ratios, illustrated by a Commentary on the 
first two books of the Principia,” and had nearly completed 
it in English, when he was advised by his friends to pub¬ 
lish it in Latin. He readily acquiesced, and thus had an 
opportunity, while translating it, of revising the whole, 
and rendering it fuller and more perfect. It was finished 
a year or two before his appointment to the sec of Clon- 
fert, at which time he was engaged in preparing for its 
publication. His attention was unavoidably diverted 
from it by -the occupations attending so important a 
change; and, before he could return to it, the dreadful 
malady had commenced, under which lie languished for 
15 months, before its fatal termination; though in the 
midst of his sufferings his ardour for science was not 

abated. • t 

The circumstances of his promotion to the episcopal 
bench reflect equal honour on himself und the noble 
person (lord Cornwallis) who conferred it. It was a fa¬ 
vour as unsolicited as unexpected, unless the report made 
to his Excellency by his principal secretary, on being 
consulted as to the properest person to fill the vacant see, 
may be called solicitation. His report was, that “ he be¬ 
lieved Dr. Young to be the most distinguished literary 
character in the kingdom and he was recommended 
accordingly. 
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^/^AAIOItANO (Rdrico), a good Spanish mathemati¬ 
cian, in the l6(li century, being the royal lecturer 
on that science, at Seville, where he published an excel¬ 
lent compendium of navigation, in 1585; being a treatise 
written clearly and with brevity, not being encumbered 
with such idle speculations as abound in'Medina and 
Cortes, Zamorano, it seems, contributed much to the 
reforming the sea charts, as uc are informed by his suc¬ 
cessor, Anares Cmrciit dc Cespedes, who himself also 
published a treatise on navigation at Madrid, in 1 Go6. 

ZKNITIJ, in Astronomy, the vertical point, or point in 
the heavens directly overhead. Or, the zenith is a point 
in the surface of the sphere, from which a right line drawn 
through the place of any spectator, passes^through the 
centre of the earth. The zenith of any place, is also the 
pole of the horizon, being <)() degrees distant from every 
point of it. And through the zenith pas^all the azimuths, 
or vertical circles. 

The point diametrically opposite to the zenith, is called 
the nadir, being the point in the sphere directly under 
our feet: and it is the zenith to our antipodes, as our ze¬ 
nith is their nadir. 

Zenith Distance , is the distance of the sun or star 
from our zenith ; and is the complement of the altitude, 
or wlmt it wants of <K> degrees. 

ZENO, Eleates, or of Elc(i y one of the greatest phi¬ 
losophers among the ancie nts, nourished about 500 years 
before the Christian ®ra. lie was the disciple of Parme¬ 
nides, and even, according to some writers, his adopted 
son. Aristotle asserts that he was the inventor of logic : 
bot his logic seems to have been calculated and employed 
to perplex rather than to illustrate and decide any thing; 
for Zeno employed it only to dispute against all comers, 
and to silence hi^s opponents, whether they argued right 
or wrong. Among many other subtleties and embarrassing 
arguments, be proposed some with regard to motion, de¬ 
nying that there was any such thing in nature; and Ari¬ 
stotle, in the 6th book of his physics, has preserved some 
of them, which arc extremely subtile, especially the fa¬ 
mous argument named Achilles; which was to prove 
this proposition; that the swiftest animal could never over¬ 
take the slowest, as a greyhound a tortoise, if the latter 
set out a little before the former: for suppose the tortoise 
to be 100 yards befure the dog, and that this runs 100 
times as fast as the other ; then while the dog runs the 
Jirst 100 yards, the tortoise runs 1, and is therefore 1 yard 
b' forc the dog; again, while the dog runs ovgr this yaTd, 
the tortoise will run the 100’ir part of a yard, and will 
be so much before the dog; and again, while the clog 
runs over this 100th part of a yard, the tortoise will have 
got the 100th part of that 100th part before him; and so 
on continually, says lie, the dog will always be some 
part behind the tortoise. But the fallacy will soon 
, dl | ecl <jtlt by considering where the tortoise, will be when 
i c d ° s has t run °ver 200 yards; for as the former can 
m\e run only two yards in the, same lime, and therefore 
must t en be f)8 yards behind the dog, he consequently 
must have overtaken and passed the tortoise. It has been 
said that, to prove to him, or some disciple of his, that 
there is such a thing as motion, Diogenes the Cynic rose 


up anil walked over the floor.—Zeno showed great cou¬ 
rage in suffering pain for having joined with others to 
endeavour to restore liberty to his country,which groaned 
under the oppression of a tyrant, and the enterprise being 
discovered, lie supported with extraordinary firmness the 
sharpest tortures. It is even said that he had the courage 
to bite oil his tongue, and spit it in the tyrant’s face, for 
fear of being forced, by the violence of his torments, to 
discover his accomplices. Some relate that he was 
pounded to death in a mortar. 

Zeno, a celebrated Greek philosopher, was born at 
Citium, in the Isle of Cyprus, and was the founder of 
the Stoics; a sect which had its name from that of a 
portico at Athens, where this philosopher chose to hold 
his discourses. He was cast on that coast by shipwreck ; 
and lie ever after regarded this as a great happiness, prais¬ 
ing the winds for having so huppily driven him into the 
port of Piraium.—Zeno was the disciple of Crates, and 
had a great number of followers, lie made the sove¬ 
reign good to consist in dying in conformity to nature, 
guided by the dictates of right reason. He acknowledged 
but one God; and admitted an inevitable destiny over all 
events. His servant taking advantage of this last opinion, 
cried, while lie was beating him for dishonesty, “ I was 
destined to stealto which Zeno replied, “ Yes, and to 
be beaten too.” This philosopher used to say, “‘’l'hat 
if a wise man ought not to be in love, as some pretend* 
cd, none would be more miserable than beautiful and 
virtuous women, since they would have none for their 
admirers but fools.” He also said, “ That a part of 
knowledge consists in being ignorant of such things as 
ought not to be known: that a friend is aether self: 
that a little matter gives perfection to a work, though 
perfection is not a little matter." He compared those 
who spoke well and lived ill, to the money of Alexandria, 
which was beautiful, but composed of bad metal.—It 
is said that being hurt by a fall, he took that as a sign he 
was then to quit this life, aud laid violent hands on him¬ 
self, about 2<>4 years before Christ. 

Clcanthcs, Crysippus, nnd the other successors of Zeno 
mnintained, that with virtue wc might be happy in the 
midst even of disgrace and the most dreadful torments. 
They admitted the existence of but one God, the soul of 
the world, which they considered ns his body, and both 
together forming a perfect being. It is remarked that, 
of all the sects of the ancient philosophers, this was oue 
of those which produced the greatest men. Wo ought 
not to confound the two Zenos abovo meptioned, with 

Zeno, a celebrated Epicurean philosopher,-born at Si- 
don, who hud Cicero and Pomponius Atticus for his dis¬ 
ciples, and who wrote a book against the mathematics, 
which, as well as that of Possidonius’s refutation of it, it 
lost: nor yet with several other Zenos mentioned in 
history. 

ZENSUS, or Zenzus, in Arithmetic and Algebra, n 
name used by some of the older authors, especially in 
Germany, for a square number, or the 2d power: being 
n corruption from the Italic censi, of Pacioli, Tartnlea, 
&c, or the Latin census , which signified the same thing. 

ZETET1CE, or Zbtetic Method , in Mathematics, was 
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the method made use of to investigate, or find out the 
solution of a problem ; and was much the same thing as 
analytics, or the analytic method. Victa has an ingeni¬ 
ous work of this kind in 5 books y Zeteticorum libri 
quinque. 

ZOCCO, Zoccolo, Zocle, or Socle, in Architecture, 
a square body, less in height than in bveadtb, placed un¬ 
der the bases of pedestals, statues, vases, iScc. bee Socle 
and Plinth. 

ZODIAC, in Astronomy, an imaginary ring or broad 
circle, in the heavens, in form ot a belt or girdle, with¬ 
in which the planets all make their excursions. In the 
very middle of it runs the ecliptic, or path of the sun in 
his annual course; and its breadth, comprehending the 
deviations or latitudes of the planets, is by some authors 
accounted 16°, some 18, and others 20 degrees. 

The zodiac, cutting the equator obliquely, makes with 
it the same angle as the ecliptic, which is its middle line, 
which angle, continually varying, is now nearly equal to 
23° 27' 40"; which is called the obliquity of the zodiac 
or ecliptic, and is also the sun's greatest declination. 

The zodiac is divided into 12 equal parts, of 30 degrees 
each, called the signs of the zodiac, being so named from 
the constellations which anciently passed through them. 
But, the stars hav ing an apparent motion from west to east, 
arising from the precession of the equinoxes, those con¬ 
stellations do not now correspond to their proper signs. 
And therefore, when a star is said to be in such a sign 
of the zodiac, it is hot to be understood of that constel¬ 
lation, but only of that dodccatcmory or 12tb part of it. 

The zodiac appears to he very ancient, and to have 
passed from the ancient Hindus, successively westward, 
through Persia, Arabia, Assyria, Egypt, &c, to Europe; 
as specimens of the same kind of zodiac have been found 
in all those countries, with only some small variation in 
the figures of some of the constellations; accompanied 
also with appropriate emblematical figures of the sun and 
moon, with those of the planets, in their order. 

Cassini has also observed a tract in llic heavens, with¬ 
in whose bounds most of the comets, though not all of 
them, arc observed to keep, and which he therefore calls 
the Zodiac of the comets. This lie makes as broad as 
the other zodiac, and marks it with signs or constellations, 
like that ; as Anlinous, Pegasus, Andromeda, Taurus, 
Orion, the Lesser Dog, Hydra, the Centaur, Scorpion, 
and Sagittary. 

ZODIACAL Light, a brightness sometimes observed 
in the zodiac, resembling that of the galaxy or milky way. 
It appears at Certain seasons, viz, towards the end of 
winter and in spring, after sunset, or before his rising, in 
autumn and beginning of winter, resembling the form of 
a pyramid, lying lengthwise with its axis ulong the zodiac, 
its base being placed obliquely with respect to the hori¬ 
zon. This phenomenon was first described and named 
by the elder Cassini, in 1683. It was afterwards observed 
by Fatio, in 1684, 1685, and 1(186; also by Kirch and 
Eimmart, in 1688, 1689, l6'9l, 1693, and 1691. See 
Matron, Suite des Mem. dc l’Acad. Royalc dcs Sciences 
1731, pa. 3. 

The zodiacal light, according to Moiran, is the solar 
qtmospherc, a rare and subtile fluid, either luminous by 
itself, or made so by the rays of the sun surrounding its 
globe; but in a greater quantity, and more extensively, 
about his equator, than any other part. Mai ran observes 
also that it may be proved from many observations, that 


the sun's atmosphere sometimes readies as far as chr 
earth's orbit, and there meeting with our atmosphere, 
produces the appearance ot an aurora borealis. The 
length of the zodiacal light varies sometimes in realitv; 
and sometimes in appearance only, from various causes. 

Cassini often mentions the great resemblance bet wee* n 
the zodiacal light and tlie tails of comets. The same ob¬ 
servation h;is been made by l atio; and Euler endeavour¬ 
ed to prove that they were owing to similar causes, bee 
Decouverte dc la Lutnierc Celeste que parolt dans le 
Zodioque, art. 41. Lettre a M. Cassini, printed at Am¬ 
sterdam in 1 6 S 6 . Euler, in Mem. de l’Acad. do Ik-rlm, 
tom. 2. 

This light seems to have no other motion than that of 
the sun itself: and its extent from the sun to its point, is 
seldom less than 50 or 6*0 degrees in length, and more 
than 20 degrees in breadth : but it has been known to 
extend to 100 or 103°, and from S to broad. 

It is now generally acknowledged, that the electric fluid 
is the cause of the aurora borealis, ascribed by Maiian to 
the solar atmosphere, which produces the zodiacal light, 
and which is thrown off chit fly and to the greatest distance 
from the equatorial parts of the sun, by means of the rt>- 
tation on hi* axis, and extending visibly as far as the orbit 
of the earth, where it falls into the upper regions of our 
atmosphere, and is collected chiefly towards the polar 
parts of the earth, in consequence of the diurnal revolu¬ 
tion, where it forms the aurora borealis. And hence it 
lias been suggested, as a probable conjecture, that the sun 
may be the fountain of the electrical fluid, and that the 
zodiacal light, and the tails of comets, as well as the au¬ 
rora borealis, the lightning, and artificial electricity, are 
its various and not very dissimilar modifications. 

ZONE, in Geography and Astronomy, a division of 
the earth’s surface, by means of parallel circles, chiefly 
with respect to the degree of beat in the ditferent parts of 
that surface. 

The ancient astronomers used the term Zone, to explain 
the different appearances of the sun and other heavenly 
bodies, with the length of the days and nights ; and the 
geographers, as they used the climates, to mark tlie situa¬ 
tion of places ; using the term climate when they were 
able to be more exact, and the term zone when less so. 

The zones were commonly accounted five in number; 
one a broad belt round the'middle of the earth, having 
the equator in the very middle of it, and bounded, towards 
the north and south, by parallel circles passing through 
the tropics of Cancer and Capricorn. This they called 
the torrid zone, which they supposed not habitable, on 
account of ijs extreme heat. Though sonutimes they di¬ 
vided this, into two equal torrid zones, by the equator, 
one to the north, and the other south ; and then the whole 
number of zones was accounted (J. 

Next, from the tropics of Cancer and Capricorn to the 
two polar circles, were two other spaces called temperate 
zones, as being moderately warm ; and these they sup¬ 
posed to be the only habitable parts of the earth. 

Lastly, the two spaces beyond the temperate zones, 
about either pole, bounded within the polar circles, and 
having the poles in the middle of them, are the two frigid 
or frozen zones, and which they supposed not habitable, 
on account of the extreme cold there. 

Ilcnce, the breadth of the torrid zone is equal to twice 
the greatest declination of the sun, or obliquity of the 
ecliptic, equal to 46^ 56', or twice 23° 28 f . Each frigid 
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zone i6 also of the same breadth, the distance from the 
ole to the polar circle being equal to the same obliquity 
.3° 28'. And the breadth of each temperate zone is equal 
to 43° 4', the complement of twice the same obliquity. 
See these zones exhibited in plate 40, fig. lf>. 

The difference of zones is attended with a great diversity 
of phenomena. 1. In the torrid zone, the sun passes 
through the zenith of every place in it twice a year; 
making as it were two summers in the year; and the in¬ 
habitants of this zone are called amphiscians, because they 
have their noon-day shadows projected different ways in 
different times of the year, northward at one season, aud 
southward at the other. 

2. In the temperate and frigid zones, the sun rises and 
sets every natural day of 24 hours. Yet every where, but 


under the equator, the artificial days are of unequal 
lengths, and the inequality is the greater, as the place is 
farther from the equator. The inhabitants of the tempe¬ 
rate zones arc called hetcroscians, because their noon-day 
shadow is cast the same way all the year round, viz, those 
in the north zone toward the north pole, and those in the 
south zone toward the south pole. 

3. Within the frigid zones, the inhabitantsthave their 
artificial days and nights extended to a great length ; the 
sun sometimes skirting round a little above the horizon for 
many days together: and at another season never rising 
above the horizon at all, but making continual night for 
a considerable time. The inhabitants of these zonbs are 
called periscians, because sometimes they have their sha* 
dows going quite round them in the space of 24 hours. 


ERRATA IN VOL. II. ' 

r*ge 154, col. 1, line 39, for 395*7, read 3957. 

— 933, — 1, line 3, for 9, read *9. • * 

— 948, — 9, line 37, dele and. w, 

— 400, — 1, line 91, read 9 cos. a. * 

— 30J, — 9, line 15 from the bottom, read plate 97* 

— 557 1 —• 1, line 9 from the bottom, for -4- y, rcadjf. * 

— 582, — 9, line 9, for Cclti, read Cedi. 

— 294, — 1, linfc 34, for li cut .-governor &c, read inspector-general of the R. Mil. 

College, and commandant of the senior department of 
tbit institution, now established at Farnham. 
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